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A STUDY ON DEVELOPMENT OF A GASIFIER FOR YAKUSHIMA WOODY BIOMASS

Rintaro NATORI, Yoshimitsu UEMURA, Masahiro YOSHIDA, Yoshihiro OHZUNO and Yasuo HATATE

Woody biomass gasification was carried out in a flash pyrolysis reactor. The gasifier was operated over a temperature

range of 700-950°C. Two types of sample were studied. Firstly, only Japanese cedar was used. Secondly, a mixture of

Japanese cedar and porous inorganic material were used. The main products from the woody biomass were gas, char

and tar. The product gas obtained mainly consists of H, CO, CO, and CH,. Whereas the product gas yields increased

with increasing reactor temperature, char and tar yields were decreased with increasing temperature. When mixing

porous inorganic material into woody biomass, tar yield was lower than that for the experiment corresponding without

porous inorganic material. On the other hand, the product gas yield in case of porous material addition was higher than

that for the experiment corresponding without porous inorganic material. The product gas yield increased with

increasing the pore diameter of porous inorganic materials.

Keywords :

1. #

2 Otifeteid, KREHE., REEE. REFEE
WX AEEREOME L LTBST NG, D
L9 e EOHFRIT, TRV XF—2ELHTEIRL
BEAEOAMRMENS LB -REL LTHRESh
AEE, RELZELRTWS, 199 3FEICV A
TV ¥ R A 12 TR I HERY 2 v MBI A%

200348 A 31 B
* EEATHER RO L ELEERER
**  INAEFELER

biomass, gasification , fixed bed reactor, porous inorganic material

REIE [TV %2 1—Ftrlae/eliB OO0
NEOITENRHE—) 1IZB8WVT, [ErlRER s D
BEIZRT TORENRINT, TNLE, BAA.
RE. BARRFEDOZEREIZBWT, R REY A4
RENTND, [FGErTeRts) X, eIy

g v VOBESIZESNWT, WEEROES VS
AIREZ2FR Y B B L[EIFFIC, LAV F—% K
TRV —BROBAEFMRET RV —ICBEEZHZ D
ZEICKVERNBFREEEZ DN TV,

Bxld, R rlReo ] OXTHIERTZ L%
BWIZ, BABDEEHRAEFRET RV —DRT
A NERELY | LA TR X -G BAERRET



RN F—~DERFIEIC OV TRE L CE7- 29, B
ABIEL 9 9 3EICHF BB ICRG S £7-,
KADRT X VIRKRENT L THELN TV,
BAFRET RV —D—DINA T ANH 5,
NAF A DL, KGTRAX—%2FAT 2484
FIZ XV EE SN-FEEROZ L THY, =% )
=, AZ L KBIZEBLI L, THRLFX—L LT
FIBFRETH 5, HEEIC OV TIHETO#EA TH
BERINRKE THE— R =R =0 5%% 5T
WADIZXT L, BARTIE1 %IZH 7220 ORER T
Hd, T, 2010 FF TICHEDZEE T x |k
TL5EEEABIT, L EER A A~ A (=
& ) —NBEE TAE) BB Lo,
AHFZEIL, BIROBABICKIT 2 HAERFET RV
F—DORIFO—ERE LT, BABOKRE A 4~ A
B Y— X —L LTHEBE STV AKEID
DRI ERT HEBORELBEN LT 5,

28 R RLRER

INA F AD I & N F RIS S TS &
WML DEFER L, 2 DORMET TGRS R
{LEBRZIT/2 o717,

2.1 IRAATR

RAF AL, BABHOERY HFE-E (K&
14.6cm, Fognix 31) 2FER L, XA A~<AD
TEEOPTRERITR 1LITTT, RIORINTWARNVE
FIEWE L, Ky, BELRELEZLNS,

£1 NLFTR(E)DOTESWER (wtk)

C 32.25
H 3.78
N 0.15
Ash 36.10
2.2 MBS AEME

BRI AMCEREATIR ) T LI K> TEKT D
Z—/id, HACEBOREST AV —HFEED
JFRRZ72 %, DT, HAMUTBWTERKT D Z
LITFELL RV D, EZTAHMDY T v ¥ 7l
IR R SN TV D EHR LTSI E 21

e LCERL, F—VEREDORAVZK ST,
ZIEWEIZIE, TV F (AOs) . BELF#
(TiO2), > U A (Si02) ZEAL-, EBRTHER

LT L A E Ot 2R 2. | 31T,
% 2 ALO, & TiO, DYtk
e A—h— |EERER|MALEHE| THEAR
(B#) | [m%/g] | [ml/g] [nm]
@-Al,04 - - - -
y-ALO; | PURAL | 200 - -
TiO-1 72.6 - -
Ti0-2 ﬂ?ggﬂf 18 0.033 -
Tio-3 |ywxa-—| 40 0.065 -
TiO-4 7) 50 0.11 -
TiO-5 2.7 0.0044 -
#3 Sio,DiE
wE A—h— | L RER|BAEHE| FOEAE
(%) | [m%/g] | [mi/g] [nm]
Si0,-Q3 636 0.46 2.9
Si0,-Q6 517 0.85 6.6
Si0,-Q10 283 1.22 10.0
Si0,-q15 | BE>Y| 230 1.22 15.1
Si0,-Q50 (*;)“(Sg 88 123 474
Si0,-Q20C | 7ty | 135 0.83 20.9
Si0,-Q30Gc| 7 94 0.85 30.1
Si0,-Q40C 69 0.83 439
Si0,/Al,0, 247 1.06 -
Si0,/TiO, 263 1.14 -
2.3 RERAE

KBREIX 1 IORTESASUGSREZERL, 41
R RBRRMTIT 2072, EBRGIEZILTIORT,

1) EXt—F—TCRIGREZEDMRIRE 0L CTHE
T 5, BERTE N CEE2KZ Ne FHER
Tzt 5,

2) VT OEREAD, NS A RAEIL, EEETL
EE HIRE LIz A~ A ME L, VT
Orv#&F%E NeFHATIZL, V7% D
5o

3) NATOERT., N A RAERISERNICHE &
T, BT A%ZT RT—Nv 7 THEL, FA



ra< NI T 7 4—THIT5

- 4 LT

<+ W7D

1 BSARSRRGE

£ 4 ROMHALRBEY

NAATR ¥
SR NAATRHE[mm] 0.25~0.6
(RMAML) e ge] 0.4
ﬁllg_;‘igrcl 700~ 950
NAFTR ¥
SR NAFATREE[mm] 0.25~0.6
(BFAY) fteaRe] 0.4
2 Aty R(e] 0.4
iR ErC] 700-950
GCHS L EER
S FyYYP—HR Ar

BB FRHR H,. CH,. CO, CO,

3 HBRLER

3.1 BOEHRLREBRFER GFEmAIML)

# 5 [ ZB R AMUEBRRE R, K 2 [ZERHT A
R 3 1B RED AR R ETRT,

32 5 N OEGIRIBEENEIBRICRBIZOoNT, AR
ARENENTAERP RN, £Fv—, ¥
— /SO OERB RO,

2 MHEIBETREET ANS BE LD,
e LCIHBEICRIT AEITIZ L A Yo T,
X 3 hHEREZENEN, BEN ERTHIZONT
N4 AEmARINT,

£ 5 BRI RILRBIHR

= ¢ & B Plwitos] B E
BECCH A MARAIZLZTE W[ FR | (%)
700 ¥ 270 | 550 | 0.9 82.9
750 ¥ 243 | 495 | 3.0 76.7
800 % 235 | 46.0 | 6.2 75.7
850 F 218 | 420 | 6.6 70.4
900 ¥ 215 [ 378 [11.1 ] 704
950 FA 188 | 36.0 143 | 69.1
100%
90% @ kEE
80% 0co2
§ 70% B CH4
8 50% e . |
® 40% ‘ -
~
R 30%
20% |
10%
0%
700 750 800 850 900 950
BREec]
2 HFREQOERHABASTER
0.45
_ @ 700[°C]
0.40 =E 750[°C]
0 ®800{°C]
.35 @850[°C]
0.30 B900[°C]
o950[°c]
50.25 M
£
£0.20
0.15
0.10
0.05
0.00

H2 co CH4 co2
3 ROMREITHTIBEHRERBOEIL



32 MEZAMYHEEZMZ -BOMH AL EBRR

TERER 6 IRT, £, T AR T
SREERCRLIZBERMERI L Th o7, FDT0,
TR T AEREDSE N 950°CHHE TR,
sz L7,

F 605, HOHDED L H~B LHRMFIA N2
HZECESTHE—NANBOTEL I EIRENT,
Fio, F—ADBROT B LI L o THAEREN
ML TWD ZEBRRLNDZ s, Z—L O
DT AR I N L ZEZ BND, AR
DNWTIEREDOI, IR Z 2720 OEIX D>
7=

£ 6 FMAZMRI-BIEH RLRBHE

R hnF & M[Wt%] EE

amy | mE |Fr—|s—n| Az | Dol
zL 18.8 | 36.0 | 14.3 | 69.1
a-AlLO, | 245 | 23.0 [ 236 | 71.1
PURAL | 7-Al,O, | 240 [ 165 |39.1 | 79.6
|_Tio-1 [230 [205 [325 | 760
MBER 7100 | 243 | 235 |26.7 | 745
;Eﬁfzﬂ:% TIO-3 | 238 [ 185 [28.3 | 706
7 TIO-4 | 248 | 0.0 [356 | 60.4
TIO-5 | 248 [19.3 [302 | 742
Si0,-Q20C| 23.0 | 255 [248 | 733
Si0,-Q30C| 248 [ 22.0 [29.8 | 76.6
Si0,-Q40C| 235 [ 21.0 [ 320 | 765
BEXY175i0,-Q3 [22.8 | 195 | 37.4 | 796
(*Z)’ﬂ("? Si0,-Q6 | 245 | 23.0 | 259 | 73.4
ALy [ Si0,-Q10 | 210 | 183 [ 418 | 81.0
#) | Si0,-Q15 | 20.0 | 15.0 | 45.6 | 80.6
Si0,-Q50 | 195 | 13.5 | 439 | 76.9
SiO,/AlLO,| 220 | 160 | 405 | 785
Si0,/TiO, | 235 | 115 | 402 | 75.2

X 41z AlbOs, B 512 TiO2. ® 6 1213 Si02, K7

IZITBEASERIZOWT O 950°CIZRBIT ADO I L E-
Bl Mz 7= ODORKERELTT,
475K 6 TRENTWA LS ICFERE. Wt

Lo TERBH DN, BOHBORER L HLNTERUEE
MY BDEREMTT Sz, T b b & — 4y
ANEEINT L EZBND,

[mmol]

2.0

[mmol]

2.2
2.0

1.8

B950[°C]
950{°C] (@ —AI1203)
0950[°CI( ¥ —AI203)

H2 co

co2
4 BEALOEMRAT=HDOHRERED LB

CH4

W 950[°C]

950[°C1(TI10-1)
950[°C](T10-2)

@ 950[°C](TI0-3)
0 950[°C]1(TIO-4)

950[°C](TIO-5)

H2
5 HETIO,EMAT-HDH REFEBRD LB

co

CH4 CO2

®950[°C]

@ 950[°C](Si02-Q3)
@950[°C](si02-Q6)
B950[°C] (8i02-Q10)
D950[°C](si02-Q15) ||
B8950[°C] (8i02-Q50)
950[°C](Si02-Q20C) [
D950[°C](Si02-Q30C)
2950(Si02-Q400)

al

CH4 Cco2

16 1»‘9): Sio, ’ébﬂzf.#‘d)ﬁ AEBBOHE




W 950[°C](Si02/Ti02)
[950[°C](Si02/A1203)
0950[°C1(Si02/Ti02)

H2 co CH4 c0o2
7 BLESMEEMA-HOHTRAERBEOLE

6 @ Si02-Q3. 6. 10, 15, 50 & Si02-Q20C,
30C. 40C |[Z2PWTRTHB L, KIEDOFEEIZL -
TEWIH S PRMAEEREIT Q3<Q6<Q10<Ql5
<Q50. Q-20C<Q-30C<Q-40C THH I EMNRT
Bibd, #& 3 ITRLTHH SiO DWtEE R THD
& ZOIRICEHMARNRE oo TWD T LHHE
BENFE, ZOZ LIRS RE BERL
TWAZ EMRRENT, AlOs, TiO2 IZDWTOIE
R IR IR ST o 7283, A
BARERIZE > CRIEFEREDEVA RO LR
bhd,

4. %

1) KEANA AR (B) X, RfREESEIRICAR
HIZOoNT, HAEKESENTHEMPRG
iz, £l-Fx—. ¥ 3HORD OERH
Rohiz,

2) KRENA A=A K) MHAERT DH AMARIT,
SRBREICEEIN o Tz, RIEORERIT
BENEFTHIZONT, FREZNZNEMN
TAHEMBR LT '

3) WAl (EHZILMEmE) Mz sZ Lizd-o
THDOHRDHD EHARD E =R THZ
EWRENT, o, F—ARELTEHZ LI
Lo THAERENEMLTNDZ LD, B
DU Z =NV HRAEBRINT=EEZE 2 N5,

H AT DI L TMA 22 726 O TR
E B Rdo T,

4) WIEZ M2 =BG REBRO T A AEREIZE L
TITEHHALENRRKE BB LTS Z LAVR
Ehiz, FHMILENRREL RBITONTH A
NN BEm D H o7z,

Biss

SIS ) 0 R LTIV B RS Y VT
(k) LS BRI T & =7 £ 54 L CH
RS2 L E T,

BEXH

1) Paul, G, Technological Forecasting and Assessment:
The Case of Zero Emissions, Technological
Forecasting and Social Change, 58, 53-62 (1998).

2) Kai, T, Y Uemura, Y. Kawamura, T.
Takahashi, Y. Hatate and M. Yoshida;

. “Energy System Based on Hydrodynamic
Power in Yakushima Island,” KRenewable
Energy, in press (2003).

3) Uemura, Y, T Kai, T. Takahashi, Y. Hatate
and M. Yoshida; "Best Mixing of Hydrogen
and Electricity in Yakushima Island —A Basic
Study for Future Sustainable Society in
Yakushima—" Proceedings of The First
European Hydrogen Energy Conference, in
press (2003). ‘

4) R, oA~ AFEWTO R, Jounal of
JSES, 27(1), 53 (2001)

5) ML, FAMRER, RER AL A~ RO A
b, BREHFSEE, 62(674), 396 (1983)

6) S. Turn, C. Kinoshita, Z. Zhang, D. Ishimura and J.
Zhou, An experiment investigation of hydrogen
production from biomass gasification, Int. J.
Hydrogen Energy, 23(7), 641 (1998)

7) S. Rapagna, N. Jand and P. U. Foscolo,
Catalytic gasification of biomass to produce
hydrogen rich gas, Int. J. Hydrogen Energy, 23(7),
551 (1998)



