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E AFtof| A=, Lab-scale 713 5% 737137 1 0.11 m, =°] : 042 m)ol|A] v]o]g AFE wjo] QA 453}
HE=A 150 713 EAS A Rgitt A8 259 di %S 247} 800 °C, 1 kg/h® TSI, ER 0.15-0.3,
7Y~ B4 2.5-5 Ug/U,,n 0= WA 7]HA] A8t = EAZE= silica sand®} olivineS ARESIITH A 7149 %
/3 NDIR #4718} GCE &3l 48910, ¥4 A3} FFA % H, 3~4 vol%, CO 15~16 vol%, CH, 4 vol%,
CO, 18~19 vol.%O. & mjo]g- sleluto] Qui g} HEA] 5 vlest 29 Bolon], A 7hAo] B Aidske
1193~1301 kcal/Nm*S, IR 1262~1377 keal/Nm*S LFERAICE B3t BF2 A7 835 dolh uxl & B4
olivines AHE- Al silica sandell ¥I3ll A4 7k~ Wl C2 o7 Aol tif-E 1Asela, H, $do] F7lste] Bt29
cracking ¥+53-0] 722 ERIBIATE HI-SEA EF2E 72% (1.24 — 035 g/NmP), 354 B2 27% (4.4 — 32 gNm)
Ve ashe aas g8t

Abstract — In this study, the gasification characteristics of four types of unused woody biomass and one waste wood in
a lab-scale bubbling fluidized bed gasifier (Diameter: 0.11 m, Height: 0.42 m) were investigated. Effect of equivalence ratio
(ER) of 0.15-0.3 and gas velocity of 2.5-5 Uy/U,, are determined at the constant temperature of 800 °C and fuel feeding rate
of 1 kg/h. The silica sand particle having an average particle size of 287 pum and olivine with an average particle size of
500 um were used as the bed material, respectively. The average product gas composition of samples is as follows;
H, 3-4 vol.%, CO 15-16 vol.%, CH, 4 vol.% and CO, 18-19 vol.% with a lower heating value (LHV) of 1193-1301 kcal/
Nm? and higher heating value (HHV) of 1262-1377 kcal/Nm?>. In addition, it was found that olivine reduced most of C2
components and increased H, content compared to silica sand, resulting in cracking reaction of tar. The non-condensable
tar decreases by 72% (1.24 — 0.35 g/Nm?) and the condensable tar decreases by 27% (4.4 — 3.2 g/Nm?).
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E A¥o= & EZE silica sand 2} olivineS AFE-3N T} silica
sand®] 87t Y %(d,)= 287 umO] 3L, bulk density(p,)i= 1249 kg/m’,
particle density(p,)t= 2642 kg/m® ©]t}. UHFA © 2 calcined dolomite
2 =2 EE AEES HolARE 55 WS TolA ALgsh el
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Table 3¢ olivine $1A+8] XRF 4] A7} el o 24
MgO (44.3%)%} SiO, (44.2%), Fe,0 (7.79%)2] 3185 ejoict,
olivine®| =t S1%=(d,)= 500 um©] 3L, bulk density(p,)+= 1584
kg/m®, particle density(p,)= 2880 kg/m> o]t}

[e]

L

Table 1. Proximate & ultimate analysis of unused woody biomass and waste wood

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Moisture 34.75 36.09 35.33 32.89 8.62
Proximate analysis [%)] Ash 1.97 3.87 0.18 0.15 2.54
(As received) Combustible ~ Volatile matter 51.96 49.6 54.58 56.12 70.7
matter Fixed carbon 11.33 10.44 9.9 10.85 18.2
C 50.57 50.17 5227 53.76 49.62
H 5.41 5.64 5.66 5.66 6.06
Ultimate analysis [wt%] (¢} 43.37 43.57 41.92 404 42.67
(DAF basis) N 0.61 0.58 0.13 0.16 1.37
S 0.04 0.04 0.2 0.02 0.06
Cl 0.0102 0.019 0.0336 0.04 0.22
Heating value [kcal/kg] LHV 2,490 2,430 2,430 2,740 3,970
(As received) HHV 2,991 2,951 2,948 3,243 4,349
Table 2. Ash composition analysis of unused woody biomass and waste wood
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Sio, 49.5 39.1 3.05 6.6 14.02
ALO, 15.7 153 233 427 6.76
CaO 14.4 222 65.9 60.8 40.83
K,0 7.35 7.99 9.53 7.68 7.51
MgO 4.18 3.98 9.61 10.1 7.29
Ash composition Fe,0, 3.61 4.79 0.556 0.858 13.43
analysis P,05 2.17 3.54 4.29 3.59 3.21
(Wt%) SO, 0.771 0.858 1.08 1.57 426
Na,O 0.764 0.76 0.0748 0.227 0
TiO, 0.638 0.68 0.0577 0.119 1.09
MnO 0.505 0.351 2.19 2.89 0.6
BaO 0.231 0.147 0.71 0.858 0
Others 0.175 0.3 0.6012 0.5783 1
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Table 3. XRF analysis of olivine particles

Olivine (Wt%)

MgO 443
Sio, 44.2
Fe,0; 7.79
ALO4 1.51
CaO 1.3
Cr,0; 0378
NiO 0.284
MnO 0.121
Na,O 0.0375
SO, 0.0268
Cl 0.0141
Others 0.0831

22, Al x|

2 A oA AE-8t 7] 3 {55 (BFB, Bubbling fluidized bed)
7k} 242 9] JReFes= Fig. 13 vk B 2 whe7)= Giels
8t Auger WF5-7] 4l EF2.2] 712491 —.—oH H Sl Catalystic bed”}
2w o] QA 2 AFelAE 215l Fluidized bed
reactor® A5+ T} 7}}\@' 3}9“7]91 7L 0.11 mO] 1L o]+
042 mo|ch. Aol AREE A 55 A o= FYsh] SEiA 25
screw feeders AH8-3F3ATE. 7]'/\§]r “f‘ﬂ SHR7 U 2 E A
A|Zre g2 F74at7] Qlal kst whg-7] Sl wind box ZH-E
0.07, 0.13, 0.36 m °] 2 K-type] thermocouple= 3 X Jt}. 7}
23} 9H-8-719] 2% %42 PID (Proportional integral derivative)
Hk2l o 7 Ao 3ict, ok 7= =467 Y&l oA (DPL series,
Sensys Korea)E AH£-3F1 1 wind boxZF-E] 0.36 me] =o]of A
AT RS04 wilEE= A 7EAS] S AAREC R A
=A3}7] 918, NDIR ¥4 7](Hartmann & Braun Co, Advanced

Kulo] ol B % A]]

71E

FEE Air 78 54 Q- 877

Optima)= AH8-8F3{tE NDIR 41715 8l 44 7k~ W9l o,
CO,, CH,, Hy0) 58 AAzo 2 AlZskalrh. &=, B aHer A4
Phe 2% WA A W5 B E R S 5] 91a)
Ad 712~5 HET] ¥(Tedlar bag)ell X335t GC-TCD (Agilent
Technologies, 6890N Network GC System)<2} FID (Agilent Technologies,
7890A GC System)E AF2-3TF GC-TCD+ Carboxen 1000 column®]
%] 5]9] 2+ H,, CO, CO,, CH, 415 913l AH-51937, GC-FID
+ HP-plot Al,0y/KCl column®] &2 %13 CH,E 233 C,-Cy
o] Beprags WA skt ARSIt
 AFelAE B2 E 54 B Hl% 3 E}EE Lol 4
2k4 o 7 BEXEIQITE WA dnla o F glE R =] E}= 9]
Beolis Alo] 2 ek AEH XL EF 0] 45 }01 20°CE B2+
IPA (Isopropyl alcohol)E- &-1l] 2 ©]-§-5}+= “European Tar Protocol”

\__oz
1__

[31] A& ARl IS SAsII. AA 7ks ol vleSA B
B3 121321857, impact separators: &35F] S5 A% -, SEA

A3k GC-FIDE 538l SH 5= Co A& ole] yase] Fsto g
=7d3kArH32].
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MEZH 7143 E /é% Qlolr 7] 93 A AL M3 A 4
= v o 2 Hk-S 2% 800 °C, ER (Equivalent Ratio, E“:}hﬂ])
0.15, 7k=8k 155 2.5 Uy /U, 02 AJ3I3IT silica sandE 5

Az AHg kst A4 AEE | kgh® T Fr%l
SFATE. AT += 2% screw feeders &3l +YUFOH, 1221 7FA
s} wjAl 2] 97-E A7) Y181 N, 1.0 Liming T3kt
ER®|| t}2 7143} B4 A 82 sample 15 A8 18353 T).
ERZ 3719 F5%S W3kAA 0.15, 0.2, 0.25, 0302 W3FA]A
28 AW} BFE A7 §IHS Qoln 1A}, Bk 27104

silica sandE tHA13}0] olivine AFE-310] EROl W 7} 3} 218]S

Tar trap
—>
Silo
Catalyst
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Fig. 1. Schematic diagram of the experimental apparatus.
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3-1. MEE Jirst £

Fig. 25 WS- 2= 800 °C, 915 F%1%F 1 kg/h, ER 0.15, 7}~8}
55 2.5 Uy/U,, 8 Z33014 sample 1-59] 8743 7k~ 24, et
A= (HHV, Higher heating value), H]-5-54 B2 &5 UERIS)
th AE dlofgl o] Al grataxl -5 A3} A F €l vf
o] @ulj 2 ZkAstel] thgh of2] A8 A5(33-36]°] dlolE e} vl
3to] Table 4o YERYSITE

A9 e wlo] - Abgto] @ui A 4% 9l HEA 15] AN 7RA
ZAL HH2 © 2 H, 3~4 vol%, CO 15~16 vol%, CH, 4 vol%, CO,
18~19 vol%C. =2 sample 1-5 B H]Se8E 2A4)& BRI A8l
AE2] Aol w3kl u), CO, CO,, CH, &&= 1|23t 415

NGO H, B A B a2 Al ulaiA =
Thi W 21S 318 5 It M o] 5T A B w5

TR E Hlow g vto] emj ) =it H-&54d Bl R
SHeF-2- sample 47} 78 =31, sample 27} 7P W2 A& HO|
£, sample 42| 7-9- Aol 23hE B 2305 Adatel 9@l Ef
2 o] A U A0 E ARt AA|E, sample 42] 23437}
2 DRl 7Y & k& Kol o] C2 o 7k 3
o] t}& sample=°ll BI3IA 7] wWlFo|t v]-&5A Bt= gt
< BWsPd, sample 27} 7148kl 718 f2lgh A0 7 Ko, 52
A 7k RS A7) Q8= sample 45 0] g3k, EFEE

aol AAsH= 2 shtel el | 4 ik,

3-2. Silica sand bed L 7|25 S4

Fig. 32 silica sandE % &2 2 A3t sample 12] ER 3}
W A 7kae] 24, a9Ed® U v)3-EA e e e
USith. ERo] F7kstell whet Wh3-7] Ulel] F4Y == AkAe] o] &

Table 4. Comparison of research on woody biomass air gasification in a fluidized bed gasifier

Unit This study Joetal. [33] Kimetal. [34] Kitzler et al. [35] Kook et al. [36]
) unused woody KWP (Korea wood pellet), .
Fuel biomass EFB (empty fruit bunch) wood pellet wood pellet rice husk
Reactor bubbling bubbling bubbling  pressurized bubbling bubbling
fluidized bed fluidized bed fluidized bed fluidized bed fluidized bed
Feeding rate kg/h 1 3 (EWB), 2.28 (KWP) 25-55 4.5 0.4
Temperature °C 800 750-800 800-850
ER - 0.15-0.3 0.2-0.45 0.19-0.32 0.2-0.3 0.15-0.3
Bed material - silica sand, olivine silica sand, calcined dolomite  silica sand olivine sﬂlca_ sand, 011v1‘n c,
calcined dolomite
12-13 (EWB)
H, 3-4 12-14 (KWP) 14-16 12-20 0.6-2.5
15-16 (EWB)
Gas (6(0) ol 15-16 13-16 (KWP) 11-16 11-13 2-10
o .70
composition 19-20 (EWB)
CO, 18-19 17-20 (KWP) 16-17 16-18 12-15
4-5 (EWB)
CH, 4 4-5 (KWP) 4-5 4-5 0.5-1.3
Lower heating value (LHV) 3 1314-1553 (EWB)
value of product gas kcal/Nm 1193-1301 1242-1481 (KWP) 1123-1362 - 143-523 (HHV)
4.4 (silica sand) [EVE]I ;Z%d(ﬁgcjitsea)nd) 1.82 (silica sand)
Condensable tar g/Nm? ’ ’ - 0.21-0.68 — 0.23 (calcined dolomite),

— 3.2 (olivine)

[KWP] 2.11 (silica sand)
— 1.63 (dolomite)

0.81 (olivine)

Table 5. Comparison of composition of product gas and heating value of product gas with sand and olivine (sample 1, ER = 0.15)

. Bed material
Unit — )
Silica sand Olivine
H, 3.84 438
(6[0) 15.65 16.29
CO, 19.38 18.59
CH, 435 4.19
C, (C,Hg, C,H, etc) Vol.% 1.89 1.71
C; (C3Hg, C3Hg ete) 0.35 0.44
C, (CH,,, C,Hg etc) 0.1 0.07
C¢Hq 0.23 0.14
C¢ + (C;Hg, CgH, etc) 0.04 0.01
HHV 3 1352 1331.4
LHV keal/Nm 1276 1256.8
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