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Abstract Biomass, a carbon-neutral resource, is an alternative energy source for exhaustion of fossil fuel and
environmental problems. Most of energy production systems using biomass operate with a thermal chemical
conversion method. Amongst them, gasification generates syngas and applies to boilers or engines for the production
of heat and electricity. However, Tar could be formed during the production of syngas and it is condensed at low
temperature which may cause to clog the pipelines and combustion chamber, ultimately resulting in decrease of
process efficiency. Thus this work utilized water and oily materials such as soybean oil, waste cooking oil and mineral
oil for scrubbing liquid. The removal efficiency of Tar appeared 97%, 70%, 63% and 30% for soybean oil, waste
cooking oil, mineral oil and water respectively.
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Table 1. Tar Classification

Tar class Class name Property Representative compounds

Determined by subtracting the

1 GC-undetectable Very heavy tars, cannot be detected by GC GC-detectable tar fraction from the
total gravimetric

. . Tars containing hetero atoms; highly water soluble Pyridine, Phenol, cresols, quinoline,
2 Heterocyclic aromatics . . .
compounds isoquinoline, dibenzophenol

Light aromatic Usually light hydrocarbons with single ring; do not Toluene, cthylbenzene, xylene,

3 . ose a problem regarding condensability and
(1 rings) p p e g Y styrene
solubility
Indene, naphthalene,
4 Light PAH compounds 2 and 3 compounds; condense at low temperature methylnaphthalene, biphenyl,
(2~ 3ring) even at very low concentration acenaphthalene, fluorene,
phenanthrene, anthracene
5 Heavy PAH compounds Larger than 3-ring, these components condense at Fluoranthene, pyrene, chrysene,
(4~7 rings) high-temperatures at low concentrations perylene, coronene
Bed )
material Feeder
S | >
Heat
exchanger
100 cm Ash Box
—
Gas Flow Meter Air

10 cm

Fig. 1. Schematic diagram of experimental set-up

bed material
feeder

gas sampling

‘ scrubbing medium ‘

[oom) | [aoomd | [@oomd | [aoomd |

tar removal apparatus

Fig. 2. Schematic diagram of tar removal apparatus
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ARZ AMEH = ol uas @AFSAHRENA
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2.4 Mg

2 A2 g2E AASH] 21380 oily material & A
st AALES dotrnA sh §7] 2Ed 2
ERS AA3IHc W-87] 2%850C9} ER(0.25~0.4)
Atolo] Bf2 WA AepiderS Elah AT
A5 AT 800°C ol/dolA Bt 2 F&o] hAgtt
= A723]¢F F3skeEA gR1s] A i) &%
850C, ER=0.25% A5l AP Atk Air

o ER(O 25~0.4)9] U 152, 183 244 Limin©.2
7}*§} S710l F=}daksiet wk7] =0l 10, 20, 30,
40cmol| k—type«] thermo-couple®} ZGAE ©]-8-314
L 840~860°C2} freeboard U432 0~100mmH,0

LU T

2 frAskEA] glskeh ¥g-7] v cycloned] &
T EEY &S W Hsﬁ 300 C= fAISFATH15].
A Fxo] B2 AA A bed chillerd ©]-8-3

°FH.0CE X3 impinger leadll scrubbing medium
100ml® A% B2 AAZES &390 A A 7re
30, 60, 90 min® AP A v 7427t B A7
Ay} FToro] sjaz2 gEdmor ¥ a)o]
table 29] A3} #4 27& ZH= GC-TCD/FIDE4 8}

1=
ek

&4

Table 2. Specification of GC-TCD/FID analyzer

GC - TCD
Instrument Agilent 7890A
Detector TCD
Column 60/80 Carboxen 1000
Description 15ft x 1/8 in
Carrier gas Argon
Injector 150°C, Flow : 30ml/min
Injection volume 0.2mL
Oven programs 150 C(40min)
Detector temperature 150C
Analyte Ha, N, CO, CO,, CHy
GC - FID
Instrument Agilent 7890A
Detector FID
Column HP-plot AI203/KCI
Description 50m x 0.32mm x 8um
Carrier gas Argon
Injector 200C, Split ratio 1:10
Injection volume 0.2mL
40C(4min) ->
Oven programs 4C(min)->160TC -> 2C/min ->
200 C(30min)
Detector temperature 250C

Analyte C1~C8 hydrocarbons
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3. 73 Y o

Hh&7] &% 850CollAl ER Wsto] wi 2 &3}
ALAHLHV)E 4 % EA o] 29 7hxs)t =
As =29 5 ol ol&s HEAALES 1
o} EfZAAA AN Et2E AAB] ek A Ho R
= HFA 5AE 2 oily material S ©]-&-3to] EF2E
AASH AlgolA A 8 4= U= soybean oilZ 7t

L

= waste cooking 0il9]
02 J4EE 2

F Wz
2%Fe B ouke

ZF2] mineral o0il< scrubbing medium-2-

Table 3. 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
(0} 39.2~42.1
N 0.12~0.15

S 0.0

Table 4. Properties of bed material

Description Symbol Unit Value
Voidage at loosely packed bed ep - 0.4
Particle mean diameter dp £m 242
Particle density ps kg/m3 2128.5
bulk density pb kg/m’ 1270.0
Geldart classification - - B
3.1 ER H5tof M2 Ef2 $8 Y LHV

Hkg-7] 2% 850 ColA ER¥ 3] wlE B2 83}
AL DS eIk table 59t figure 30l HEFAL
th ERgtol S71stel et B2 &8 HAdke Ao
2 vehia A9 #ke ER=0.25°14 6.49 kl/go &
7P A ST ol& Vo R ashE AR B
%Atk ERo] F7kskel whet b

o
2 g2 =80 7)

b 43S BolANk Hy, CO, CHy
Z4o] Zad B ER 24& 0257 AAF A0® A}
AN
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Table 5. Composition of produced gas at 850C

850C
ER
(vol%) 0.25 0.3 0.35 0.4
H, 13.47 10.56 7.75 7.75
D N2 39.84 46.31 50.79 51.19
Cco 22.27 18.88 16.03 1591
CO, 16.64 17.75 19.28 19.26
Methane 5.44 4.49 4.17 3.96
Ethen 0.1 0.09 0.08 0.08
Ethan 1.54 13 13 1.24
Propan - - - -
Propen 0.02 0.03 0.03 0.03
FID Iso-butan 0.07 0.06 0.08 0.09
n-butan - - - -
Benzene 0.23 0.2 0.18 0.18
Toluene 0.05 0.05 0.04 0.04
C3+C4+C5 0.04 0.04 0.05 0.05
Tar 0.28 0.25 0.22 0.22
Tar m(;;:]’g?;er g8 12.1 10.9 9.49 9.61
lower heating value 6.49 501 44 429
KJ/g)
16
14
2 12
=
& 10
3

0.25

0.3 0.35 0.4

ER

Fig. 3. Tar concentration in produced gas with ER at

850C.

3.2 Et2 HA

3.2.1 water H&

&S 088 wet scrubbert UlF-29] 7h3t FA
A AT ol A X—i% Hl-go w2 AAE 4= 917 wi
o AR&-ataL 9l oh24] Eoll &allido] AL BEAES
AAz = X-uxég]' . AFAAE scrubbing

medium &2 AF8-3}= oily material?}2] H] 1l dataZ A
A}E-319ATE table 62 A1ZF (30, 60, 90min)oll whE 7}
Z4 (Hy, Na, CO, CO,, CHy¥ E}2 $-8-5 UES
t}. 30min, 60min®]% EIZ £&L 747+ 84 g/Nm',

10.9 g/Nm’°]™, 90 min®] = 16.3g/Nm’ &2 LEbsE
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t}. figure 4= EFEAAZEE A7t whet 30.1 %, 9.9

%o°]™, 90 minolA+=

scrubbing medium &2 %A

o @bl
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Table 6. Composition of produced gas(water)

Water
time(min)
(vol%) 30 60 90
H, 7.86 7.71 7.12
48. 1.
TCD Ny 55 8.33 51.53
CcO 21.37 23.84 23.59
CO, 9.82 13.42 10.29
Methane 4.13 4.78 4.93
Ethen 0.11 0.09 0.13
Ethan 1.19 1.23 1.52
Propan 0.0023 - 0.0016
Propen 0.05 0.02 0.04
FID Iso-butan 0.05 0.05 0.05
n-butan 0.003 0.001 0.002
Benzene 0.13 0.21 0.8
Toluene 0.04 0.04 0.23
C3+C4+C5 0.12 0.07 0.12
Tar 0.19 0.26 1.13
Tar in producer gas
(@/Nm) 8.4 10.9 16.3
£0.00
60.00
£ 4000 30.58
-
£ 2000 . 9.92
Qg [
i 30min &0min l
Time{min)

Fig. 4. Tar removal efficiency with water

3.2.2 Soybean Oil &
Oily material> Y|4 EZolm 2 E}ZA| Aol a3}
Holghs A A37F AATH25]. Soybean oil S Al
o 4 +&}7] 47] Wl scrubbing medium o 2 ARE-3}
7] AAdsiva ddET) table 73 figure 5+ soybean
oil& o8¢ 7= 24 B BE F&5 Ytk
AgAzte] ZAugte] weh B2 82 0.28 g/Nm',
147 g/Nm’, 1.69 g/Nm’S.= 717} 97.7 %, 87.8 %,
86.0 %°] ¥ AALES Ho]FU) o]i= Bl H]3|

dojpmz &
%= Ao Bae,
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H|=4 5408 Z2H= oily material©] 7] witol] G8&0] &

Bt} A Vel o B3] 254 290 i oleic
acid, linoleic acid, lauric acid, myristic acid A]+%&°] E}
ZE AAsked Ego] HER g80] B/ =EE A
o2 Atz (1]

Table 7. Composition of producer(soybean oil)

Soybean Oil

Time(min)
(vol%) 30 60 90
H, 8.61 7.53 8.4
47.1 2 442
TCD N2 7 53.29
CO 26.02 2227 2747
CO, 11.37 11.85 11.93
Methane 525 3.67 5.7
Ethen 0.1 0.13 0.18
Ethan 1.41 0.95 1.77
Propan 0.0008 0.006 0.005
Propen 0.03 0.09 0.1
FID Iso-butan 0.07 0.05 0.08
n-butan 0.002 0.003 0.005
Benzene 0.006 0.03 0.04
Toluene 0.005 0.003 0.004
C3+C4+C5 0.02 0.09 0.09
Tar 0.007 0.04 0.04
Tar in producer gas
(&/Nm) 0.28 1.47 1.69
P 07.69
””””” B7.85 26.03
- 75.00
£
=
£ 50,00
&
o
E 25.00
30min B0min 90min
Time{min)

Fig. 5. Tar removal efficiency with soybean oil

3.2.3 Waste Cooking Oil H&
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22 7lx3t FAHo EE AAE Y3 scrubbing 3.2.4 Mineral Oil Mg

medium &2 AME-EHE A% skl ol E 4 gl Soybean 0il¥} weo= A1 E4 2 U F©] 1L mineral oil
[26]. Table 87 figure 6 waste cooking oils & T84 0d=7 AE2AY FEA 09U AAHEE A
scrubbing medium® & AH&PE o] Bl 2 F&& YEIW  0]2 dolrux} AMESHTE Mineral oil S scrubbing

o} Alzke]l Z718F (30, 60, 90min)oll Wk 247 351 mediumo.E AME-Elo] Ef 2 4 S =438 A3}, A7h|
g/Nm’, 447 g/Nm'’, 459 g/Nm’ 0 2 S 00m AA  wle} 437, 46, 7.59 gNm' 22 LERtow A &4
EEE 70.9%, 63.0%, 62.0%% soybean 0il®] BFZ Al 63.9%, 61.9%, 37.27%= AEA U 2F5FHT} B
AEZERT 2 A7 eyt A48-F9 49 oF SAHAL 58 92U A% B2 AAd Tgol ¥

150~450C9] & 2xolA =] Ak}, 7FeE8l, & oleic acid, linoleic acid, lauric acid, myristic acid 5
Qe WS Sol O3 AN RO AT Wekm o §7)4F Qo] FhEol A o} B2 AAT L]
FEF0] FolA] B2 AATE] o AR AR 74 Ao ARIHW[]), FEA 298 o 64%9] A
HTH27,28,29]. WE wslrd, 9F 35%9 W 'sl4A(C10~C19)
2 ERE AR fARE TR BEeavl YRR
. IE =] =) =0
Table 8, Composition of producer gas(WCO) EFrE|o] I A HIpAll o] AAEE] FaE
Aog Almnd
Waste Cooking Oil » ]— E]— 31,32]
Time(min)
(vol%) 30 60 90 Table 9. Composition of producer gas(Mineral Oil)
H2 10.74 7.78 11.39
N2 46.28 51.35 51.92 Mineral Oil
TCD . .
(€0] 21.57 21.53 18.72 Time(min)
CcOo2 13.89 12.35 12.25 (vol%) 30 60 90
Methane 5.59 4.92 4.05 H2 9.82 7.03 7.1
Ethen 0.11 0.12 0.1 TCD N2 51.56 51.44 47.05
Ethan 1.46 1.51 1.16 (€0) 16.4 23.33 25.48
Propan 0.001 0.002 0.002 CO2 13.64 11.78 12.88
Propen 0.03 0.05 0.04 Methane 5.9 4.32 5.11
FID Iso-butan 0.09 0.09 0.07 Ethen 0.24 0.17 0.23
n-butan 0.002 0.003 0.002 Ethan 1.67 1.28 1.33
Benzene 0.09 0.11 0.115 Propan 0.01 0.009 0.01
Toluene 0.003 0.004 0.004 Propen 0.21 0.14 0.19
C3+C4+C5 0.051 0.06 0.05 FID Iso-butan 0.008 0.08 0.07
Tar 0.09 0.12 0.12 n-butan 0.1 0.006 0.01
Tar in producer gas Benzene 0.1 0.11 0.15
(&/Nm’) 331 447 4.59 Toluene 0.007 0.005 0.03
C3+C4+C5 0.24 0.17 0.19
Tar 0.11 0.12 0.18
Tar in producer gas
00,00 (@Ni?) 4.37 4.6 7.59

an

Efficie ncy(34)
d _p -
A a1 A i,
-] -] -] =
=] =] =] =
[=3]
LA
o
[=}]
[=2]
[ =]
L]
=
Efficie ncy{3:)
P I =3} o
= ] =] [
= =] =] [
[ =] f=] f==]
[=)]
g
==]
==]
o
oA
V=]
=]
g
il
1=
i

30min &0min S0min 0.00

. . 30 0 o0
Time(min) 30min B60min 20min

Time([min)

Fig. 6. Tar removal efficiency(WCO) ) ) ) _
Fig. 7. Tar removal efficiency(mineral oil)
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4, A=

(1) 8509 ¥ 2ol ERHS] uj2 Bl 4=
&3 AHdF (LHV)S U39tk ER (0.25~0.4)
o] ZF71gtel we} AL el YA ER EBE
£0] Fashe Ao ARHY, AEd T (LHV)9
% ER=0.2514 6.49 J/go.&2 714
3= Aa
2 0252
(2) tiH-

water=

3E-S7|

=%

S Holmg 7ladl Aol A
EHE}.

% 7

0}ul o
=2 R

ER%

b By

0]-&3l wet scrubbers & 0] /\P%ﬁ}i’ AA]
BE2E AAsted AAZE] B2 EAA
th 13 B2 oily material & ©]-&3}o] EI2E
ATFE HPglom AF A} soybean oil, waste
S AAZES
Hojgo] H]F4 548 71 oily material®] scrubbing
medium & & A §eirh= 2& BTk
(3) Oily material®] A|AEE vl A] AATEO]
o= soybean oil > waste cooking oil > mineral
oilss 0.2 YERd 4= glom A& 2dd 3HHE f7]

“Holeic acid, linoleic acid, lauric acid, myristic acid

L

L

cooking oil, mineral oil &7 EXT}

=

=4

[e)

5)°] B2 AA Ego] Hol FEA Ldel uls] Al
Aggol =A SA4HAL WCoY 4F 12150~
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