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Abstract

A combustible producer gas composed of H, CO and CH4 could be obtained by the thermal-chemical conversion of biomass.
However, a large amount of particulate matters including tar generated causes the mal-function of turbines and engines or
the fouling of pipelines. In this study, a wet scrubber using the soybean oil and bag filter were installed, and the removal
efficiency was investigated. Hydrate limestone and wood char base activated carbon were pre-coated on the filter medium
to prevent clogging of open pores. The removal efficiencies by the bag filter were 86 and 80% for the hydrated limestone
and activated carbon coating, respectively. Overall, the collection when using a series of oil scrubbers and bag filters were
88%, while 83% for the filter coating material.
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Figure 1. Schematic diagram of experimental set-up.
el 9BE T S oA F shfeltk S BA A% Ajsiglon, BE AR fUME Bl g 248 9
ol wjal] iEgkEro] War vk ouA] WieE 7 3lo] 71E4 3 JRA] Aol A3=WE E948ta, 1 fel wE JA|

FAARE AMESH U A 2w Tl Agar] ET. wE

el oldA] WEE Eol= 370l

-2 3

S3ote] a4, dakstes, WE 502 FJE ‘producer gas’E A
SHH6-8]

Biomass M H2 + CO + C02 + HQO + N2 +

CH, + C;s + (others) (1)

7t~312 A E producer gast & W 7] AL 7R AR,
AAAR T soll AREEITh SEAIRE 7hs) B oA EFE(tan)E bl
£3t0] ash, char 5] AME E4o] A=, o3t ErEl] EA
i) FAHo] 9yl @S dOoTA, G NS A
7= BAE oPIstEE, AA7E Fshy79].

2 Teks gl ae] B3Alolw o] Sle BAEA, vlo]

QujAE Fdshs AR A, Yid o BT e,

T2 gad A 22 AAdEr10]. AATAES EE
disl &<, 52 oJFe] W SO02 AAE A= oM, 11 FollA
T WS AaeHE S8t FFAA, o3 iR JHE
B8k A Aol QITH5,9,11]. FTE B3 B2 AAL] A, YNk
OF AHO TN 5 wol] ARSI o BlEE H=A] B0
2 FTE0] Wot AAEEe] WA YRR, 2 v &=
oily material-& AI’d 02X A}Hg-5k= A7) X1 L 11[5,12], 3
T &3 BE2AIAL] AS 129] dodelA] Fujdse o3t e
A7E WEE 5 JEs A HEE AR A7 MES]
[13,14]. AR Alety] HEQ] 2, 71A14] 57} Wi, Aeu]go
Erh= W0l QITh9,15]. o]l thste] Alebe] dEj9} o] Aol of
st AAEEC] I F - ALY YolA A TFss ARAId FEE
AREE] BF2E H]5s AR AsHE AlRE Qi) HE] EH
A & B2 E QI8 FE ] o sEs AHAZIAY FE = |
3 do] ks 5o AT EAEgItkaL FlTh9,16]. ol &
Aol thake] Eberhard 5{17]¢] #1218t pre-coating 71&= 483l pro-
ducer gas 52| EF2 W IAE AAS= A5 SIS T) Pre-coat-
ing 7]&2 913} WA A pre-coat EA-S FA& HE EHo| mm
£19] gk 55 st HE 1S HoshdA A ass A

T 71&o|tH17-19].
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2.1. 7IAE} EK|
2.1.1. 7tA3) 27|
HEE7] Uil F%E 3710l 3l fs3hs 5 E2(bed materi-

al)e] EAZ Y] UF &5 a2 A= A=}
FHENE o £840 % Jhgo] x8y= SAS V& 71X 5
Z 4F-57)(bubbling fluidized bed)E o] €&} 2H[21] Z71= A4 10
cm, °] 100 cm©]th Figure 10l Xol= A H HWEg7] Aldte] %]
H screw feeder’} RS FH3h

o R
Jo

2.1.2. & =Z(Bed material)

&3t & o]FoH 4= UEE geldart particle classification B 1
Sioll Soh QA2 AR orIR2), BHUE 301 m, AwY] WE
(bulk density) 1,290 kg/m®, Q&+ W X(apparent density)”} 2,580 kg/m’
Q1 tAkE AbgHei

2.1.3. HIO|20fA

Zpstell AR ARRA (FAF AT Al 474 5
mme EAR2E AL om, Zo] 10~20 mm F7)E BT 5
ARESIITE B4 E4E Sldll 34X (proximate-analysis), 4t
(ultimate analysis)S X351, 212} ELTRA (TGA-Thermostep,
GmbH, Germany)®} EA112/FLASH2000 (Flash-Smart EA, Thermo
Fisher, USA)C. 2 #-23}3ic}. #4] Av}= Table 13} .

2.2, A AK|
SUS AA=Z 27 15 cm, £°] 30 cm?

gjgom, of

4" (impinger) FEIZ A
S e FEH UFds 55 e A, ¢
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Table 1. Proximate and Ultimate Analysis of Wood Pellet

Table 4. Component of Fly Ash

Proximate analysis (wt%) Ultimate analysis (wt%, dry basis)

SlOz Ale} CaO MgO F6203 MnO

Moisture 6.4~8.6 C 47.4~52.1
Volatile 72.8~745 H 56~6.0
0 39.2~42.1
Fixed carbon 18.2~18.8
N 0.12~0.15
Ash 0.3~0.4 S 0.0

Table 2. Specification of Scrubbing Medium

Proportion (%)  55.9 24.17 1.01 1.34 7.71 0.22

Organic acid
contain (%)

Specific gravity — Absolute viscosity
(at 24 C) (cP, at 24 C)

Soybean oil 0.93 60 50 1

Table 3. Specification of Pre-coat Materials

Pre-coat Bulk density Particle density Porosity

material (kg/m?) (kg/m’®) (%)

Ca(OH), 276.2 1,933.3 86
Activated carbon 180 1,200 35

(wood char)

ol Wt EES sl 44 228 fAsIY e
ol AHgEIE B4 gulEAE Bel 2ol ulelwA Fogel
AHE3IgoH) olof thek AKHE Table 2

N

=

£ t)Ff(soybean oil)E

ol yehslt

2.3. ERIHK|

23.1. 2 ME

AR A& F3l pre-coat EHS ZE0] AJHAIATHA F-&u]=
o] Wy, dEjel Al Aol B veRd HE A= ZA] PPS (poly
phenylene sulfide)E AHE-3I310 ™, HE|= (TP O ZRE 4
73 10 cm, =°] 20 cmQ! W HEE AF st ARSI

2.3.2. Pre-coat =&

Pre-coating X138 A] A48 T8 SA-ZA 2
2 2 €h(wood-char) & ARSI, o137} JHA] A screw feeder'a—
d AFFS LS T SR —Zr‘?:];}"ﬂ om, Hx1A] At
718 FYshdA pre—coat Edo] A2 U= f9=e] ZE wo
A5o] ETE S1IT) Pre-coat B AH =24 548 Table 391
EEES=S

}\354 _‘F_z]

0 of oHII r—ilI

2.3.3. Fly ash
I s E A Y fly ashE AMESFSI O, A& B HE Table

401 ERAGILY,

2.4, A g

7kt 7k T ERE 9 YRR Aol ShA A3, AR
(wood char) TS pre-coat B E AAste] e x| ITHS 2
A8l 5 1 m/ming] AATFELEE 7S GAF)HA] screw feederS
Z3 fly ashE B9 5 g 5% FU3FaL grimm dust monitor (Dust
spectrometer verl.108, Grimm, Germany)® ¥ ] 3ot xp7i4=

U

236t Ml 30 & M 6 &, 2019

£ vluste] AAEES St Ado] M E= 52k 10 s M
o7 ARMHEE 7153l e, 2k5tol 100 mmH,0°] =gshA ¥
5 bar, 1~2 ms H2 O = pulsejet B 183} & ¥, pre-coat =

e A

A Felor A 3E-E WAk Ade 29 FAE A 4
& FEjof] del= 219to] 40, 60, 80 mmH,07} = Wj7FA] pre-coat &
A Folow IHS 83 § I8 AF e FA AolE Fa&l 72
F= 5431, precoat =42 HE, FFES VIRIOE A F T
3l 29 FAE Ao, 7t FAEE fly ash AAEEY 7Y
5 ol AL, ZAFARIESEE vlasteleh olgA AdE 38
F7|2 pre-coatings 33+ ™ producer gas & EFZ W A} A
7] 3ol A3tk

fi

i

L= > )

‘L’ coating F/(mm)E YERAM, W HE Bl FAE
pre-coat =24 2] 9Kg), ‘A’ oI (m?), ‘p’= pre-coat A UL
(kg/m’)y& LERATH19].

Tygle Al E0] A UER ER (equivalence ratio, 34

H)) W29l 0252 A0 m[23], LE= 840~850 C, LS 100
mmH,0 °J37} HE% A5tk 7FAs) ihg-2 2 AAdE producer
gast Alol 223 4 ﬂ%‘fﬂi At JAFAZ ==, ol 4
377 AAE wjH} Aol SRS EBF2e] SRS 7] flEl 300
CTE A8k a[24], a3V Z7E FAX74A] 9] w32 70~90
CT=Z A3k} Figure 19] ‘1 A2 2 producer gasEs FIIFAZ
N F17] A HEfof| pre-coatingS A Ysto] T8 of o] wlE gl= 4
AAAA Z& W3S vwskda, AAES 9 xHst S92 fly
ash AlA A7} T & sh= sk, AgAsE dAsiAl /4
= o pulse-jet %S F33ISI ). o]F Figure 12] 20 H =9} 70|
ARGA Aol ~geWE EYste] B2 gl OIX]' AAGEE] a3t
£ dEGith e A 8 2aE AL Akow 77
e o B 9 R AARE HsE ’L Fab] lal gl =
55 0% 20 TS FAA7IY S ¥

o
N,
L
ol
ol
2 rh

3.1. Pre-coating & ZE{0{1} M=

3.1.1. 28 =tk fly ash JAPH4 #H5}

Figure 2+= fly ash® FAAAZ T8t e FbollA ] Qixf
Mg 5743k Aol pre-coating= 2} 60 mmH,0°] =& o
7HA] K 3EFATE Pre—coatingo] 2182 k2 7M@), 0.5~2 pm <]
27} gt BEHE FHshE 2 0E VRO, pre-coating %13 ¥
I E Fdshz dA=27] W97 pmE e A2 YRV FolE
Stk olefst Avk= ¥ 3xHel| A/JE pre-coating F°] JEE F
Wl YARNE B A3 9 A2 Y Ves FoEH V]
& PPS GH oA AAGA Esta FHEE AR T8 FellA
AAZY 7vssh Ha, AR ors AHE Soeks gt 57 7
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Figure 2. The number of penetrated particles, before and after pre-coa-
ting.

-e-non coating = Ca(OH)2 coat —+ wood char coat
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Figure 3. Filtration time change according to pre-coat materials for 10
cycles.
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3.1.2. Pre-coat =&Y O MA:A|Zt THRAIRHSL
Z 10312 o137} cycle 5t o7 JHAIFE] BRI AU ARME =
3kl Figure 30 WERASITE A8A 3 6fA o3} 7§ o] dA7kA=
pre-coat &5 ¥ coating © % oI} AN AHH Y] wiTol] &
3t fly ash?he AASHS o] 7AI310] pre-coating S A-8-514] &
57 B AA vehe Aol AUrk 2eu eWA o] FHH
pre-coating & 283 -+ @, A)7} B 11 AIRE EQE o] X13o] 7}
58 Aog vehdth A= Schiller 512619 AAATS} FALSHA
o3} AAIFE Ha ZU7HA] AQEE AlRKO]EF o3 I AITho]
3} cycle = A YA FA ST o= oA AF3 vhe} 2
o] pre-coating 5°] LE] H$Z U A= HE S 31917] w2l
Ao Atg ¥, pre-coat EAHERE HE| W3 g3} EA LER:
=] )\Hg]g j_ngHg A]—%;{EO rq](A) ﬁ 71 /\] rda=ly EJ,}x%o] qu,}
zlgho] 7}t Ao T YERgth
FHFARete] 79 ArAQl HEfof tshed Figure 42] pre-coatingS
28] o2 H-H @) 2ol FElE e AN A FE R
o] ZEsk] pulse-jet B O R T €3] BREA] k= A7 A
shzdl, olelgh YAt H2 o= 1s) o3 cycleo] ¥Rl what 1t
T Akstol AAR o7 SV AR H"* O} pre-coating 2§ ¥
(W, A) THZOZ A3 pulse jet B Fol= ¥ o FAHFd=
YAFE FolFomm ARAshsizl AA JERETH19,27].

= gl A A 715

* non coating = Ca(OH); 4 wood char

24 .
22 .

520 o e .

E:g 2 A A a4 ‘

£ 14 2 !

:l g 2 = .

=1 .

01 2 3 4 5 6 7 8 9 10
filtration cycle

Figure 4. Residual pressure drop change depending on filtration cycle.

-=(0.5mm coat
+0.9mm coat

*-non coating
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£
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filtration cycle
(a)
* non coating = 0.5mm coat
24 4 0.7mm coat + 0.9mm coat
22 * P
020 o e .
~ 18
216 L] *
14 .
=12 . ° [ [ " [ -
-9 n [ . 3 *
SEIFOETE B A
6
0 1 2 3 4 5 6 7 8 9 10
filtration cycle
(b)

Figure 5. Filtration time change (a) and residual pressure drop change
(b) for 10 filtration cycles (coated with Ca(OH),).

3.13. 28 FH0| TE outds Het

Al 39 FAE AFs] s APS Jgesion, d8 14
Haeo] drdete] wlaEl] wWokd A3 E pre-coat EAE ARE-SIG
t}. 40, 60, 80 mmH,0°4 Yerd I8 FA= 2472 EF 0.5, 0.7,
0.9 mmZ AXFES W, Figure 5(@)oll= 2+ I8 T, o33} cycle

H o3} JPARE] B AR 2 Q% AIZES AT Fly ash ¢
2k AAEE] QArE BE T tiste] 03~10 pm YA
sl 90% o’F o vEhskom, 58 FA7t S el wheh #Haaket
7 Edshe AlRko] FhAsk o, o3 cycleo] A& el mEbA=
0.7 mm °|JOoE FHES AP3IS ui(a, @), AP JHAIRES
SA8R AEES Btk FA7E 0.5 mm (@)% A XY QA=
o] gkol WEIHTZF ATE F3] A E3sh] whiel[19] Figure
5(b)°ll LERd s Y F 0.7, 0.9 mmell vjs) sk
W37} A YeRdth 0.9 mme A-$(@)ols HER A &Xl
T fly ash 42k 17 71A] W 80 mmH,02] & ARtS YR 3L
ong AL I8 FAR Qs F-adsicha wasielct tﬂr
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395 \1
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(@)
100wy -e-precoated filter
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3 90 . \‘ *-scrubber(0 C) + filter
2
7 85 \ = scrubber(20C) + filter
£ 32 - \‘\ *-non coating
g 70 .\
) A
= 65
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£ s PR
50 % x ol o x x
45
0.0 1.0 time (min) 2.0 3.0
(b)

Figure 6. Removal efficiency with filtration time for (a) Ca(OH),
coating and (b) wood char coating.

2 2 Age] ARE 29 F71E 0.7 mm=z AGSISi

3.2. 71AE MMUIA B ElE H AR A

32.1. Tar ¥ X HHES

7k2g)t A7k S BE Y QA AAE 8] FREA], A3
= ARESESloH, XA ol pre-coating 218 H(Figure 6, x 7]2)°ll
 BEE Q3] HExe = 93] @4 Fo] A, FXAA
2 Y= YAF77F giFAE 2 um ©]51817] wlitel FEE uif
T FHsEte] Bl 9 Rt AlAEE] oF 50% FEE Sl UERSTH
[16]. Z12{} pre-coating®l] 2J&f FE] Twof AdE x50 EF2S]
AAZRE FEE BHoshe] wE} Hit AAEE] 23] ZHAA
86%, BT FNA 80%= e

HRAA] Aeboll AW £8]] (Figure 6, W, A)oll= JAAH
ol A2l Bt= W A} AAEET o3 H3PAIzIo] FTFFAEH], A
Aol AREE iRl oiFi7 73 ARCEA RIS dHet
I glom, gt=gl 22 HiSAS Hal gl7] wiEel28] 7h~st 2
ol 4] BAE producer gas 2] B2V} AqEulolN FF AARHCR
A AR E FYE = B2 ofo] A7 Y] wiEl Ao ® AlS
ek o3} ZIAIREe] B9, 243] F”[Figure 6(a)]lA HXEA]
O AREEOLS w9l 4 minellA 6 minoE SIS E, S FH
[Figure 6(b)]°1A1= 1 min 30 so|A] 2 min 30 s& Z7}5l0] ~=8H
5 AR ok @) R o7} ZI3AIzke] o] AA| YERsT.
4] Lo wElE EE 0 TR A3 A9 a)olA 71 71 A
7F A7) A &E = 0], 0 T2l F$- Ef2 9] §570] A=
Hjal ol ow F gwie] HAE Hst Frlete] BIEF
AAFo] S718I7] Wl ASoE AR ETH11,29].

Sl &ze] wE o]} AYPAIZES 243 TR O] AgoA] dd

-
i
ot
o

3sst ® 30 H A 6 =, 2019

63
62.5 xxxxxx LR R
xX oe®
2 62 ¥ =
T 61.5 eost
£
E o1 .
Z60.5 £s oo filter only
60 A *-scrubber(20 C) with filter
*—scrubber(0 C) with filter
59.5
0 1 2 3 4 5 6
time (min)
(@)
72
70 e
) 68
N
= 66
E .
Eo64 ——filter only
Py
<2 *scrubber(20°C) + filter
¥
ol *scrubber(0 C) + filter
58
0 0.5 1 1.5 2 2.5
time (min)
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Figure 7. Pressure drop with filtration time for bag filter (a) Ca(OH),
coating and (b) wood char coating.

u] oF 5 min7t Hao] 7hstR ot 0 T wl 6 min© =2 SIS
Hidof|, EMget I8e] 49, 22 wf 252 min, 0 TY @ 2 min 30
sZ UERoH, H 82 4243 FRo] Aol 87%, 0 T vl
88%, THAIEES AkLolA] 82%, 0 CY w 83%% FXAXuk ALg3t 4
ol FARHA 2413 F'o] o £ d5S BT o) 94 3.13
oA A3t A Y pre-coat = Foll 243|171 A whol Hls] HE]
® RAeo] o wWold @Rk mHo) Blsl F7e FHZo] HA
H9ar, 1 Ax e RN Swk 26 vl o w2
El2 9 e A7 7Fssiel7] wiEel Ao AlsEh

3.22. AftHet A FEARQE

E1= Ul QIAHE AASHEA UiEhd Aehulsh e Figure 791 Lh

2 Sospin BARos Aol ke WA, FE Be o
o 9 A2 S4lo) AN 1 T B0l WashAN 10
2 Aile] Z71as WA, phste R QS T Waph B
Alo] AHIA FAHE WA TS - Ark30), AhasE
3l| Figure 63} o] o 37} 1&gl we} A A g Ho] AEE olF
£ 35 & A, ARz 548 dojuks A dAlel
S0 wof AAEe] FE Bl2of o8 Wy A F 72 2
B R SAES 81 X3l AAREC] AAEAY RSl S5 €
271 FEE B9sks 371389 tHA] 5% (re-entrainment) F = ¥
= ol Z & 4 AtH31]. AT He @49 A s Y
ARkeF thEAl JARRE o] ofsl| JEelx] T oftd o] Fof =
frs7do] Qo] fdEe 2719 EF5el €94 fdE 7ol Qi
T AR 2RPASE WA o] FE s RS S8V g o
Al FEE R ol dA A AA AHsts A sHA f1E
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Figure 8. Residual pressure drop with filtration time for (a) Ca(OH),
coating and (b) wood char coating.

t}. oy o3} F-&2] B Zhang 53012 AEME oJztFm Lol 7
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