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Fig. 10 Effect of H,S partial pressure on DTA-DPA curves of Yallourn coal, Soya-
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Table 2 Experimental results of coal hydrogenation at exothermic peak temp. in
high pressure DTA in the presence of pyrite catalyst

Reaction Reaction Conversion Yield %
Coal Catalyst . . . o ' -

E temp.,'C time, min % Gas  OQil Asphaltene Water
Yaliourn FeS, 300 120 16.9 7.6 3.0 0.9 3.9
Red-mud-S 300 120 14.4 8.1 2.5 1.0 3.6

Soya Koishi TeS, 370 120 43.1 9.9 15.1 5.7 14. 4
Red-mud+S 370 120 33.1 9.0 10.2 5.7 8.4
Tatheiyo FeS5, 330 120 14-3 3.4 4.9 3.8 1.6
Red-mud+5S 330 120 10.8 2.4 5.4 2.8 3.3
Taiheiyo FeS, 330 60 14.8 2.5 6.3 5.0 —
Red-mud+4-$S 330 60 7.7 0.8 4.1 3.2 0.9

Table 3 Ultimate analysis of unliquefied coal isolated from Yallourn coal, Soya-
Koishi coal and Taiheiyo coal hydrogenated
Reaction Reaction (% d.a.f.)
Coal Catalyst temp. °C time (min) C H 0 S N

Yallourn Pyrite 300 120 65.0 3.8 25.4 1.5 1.0

Red-mud + Sulfur 300 120 66.2 4.1 24.4 1.0 0.9

Soya-Koishi Pyrite 370 120 74.2 {.8 11.4 2.2 2.0

Red-mud - Sulfur 370 120 72.9 4.8 15.9 1.4 1.9

Taiheiyo Pyrite 330 120 74.0 5.6 13.4 1.4 1.5

Red-mud+ Sulfur 330 120 74.5 5.7 14.6 1.3 1.7

Taiheivo Pyrite 330 60 J4.5 5.6 14.3 1.8 1.4

Red-mud+ Sulfur 330 60 73.5 5.5 15.8 1.1 1.6

Table 4 Distribution of carbon atoms in unliquefied coals isolated from Yallourn
Coal, Soya-Koishi Coal and Taiheiyo coal after hydrogenalysis
. \ ) (%)

Coal Catalyst i:;ho‘r:\ E::u::n (:E,jg -COOll  Ar-0  ArC, H (rctzg_nc -OCH, -CH. -CH,
Yallourn Original Coal — 8.0 5.0 16.0 38.0 3.0 4.0 15.0  10.0
Red-mud+5 300 120 7.0 3.0 18.0 51.0 1.0 2.0 7.0 9.0

Fe5 300 120 3.0 3.0 4.0 53.0 3.0 3.0 12.0 7.0

Sora Koishi Original Coal _ 9.0 6.0 21.0 29.0 4.0 4.0 19.0 12.0.
Red-mud+S 370 120 7.0 1.0 15.0 50.0 1.0 2.0 10.0 1.0

FeS, 370 120 1.0 2.0 12.0 62.0 0.0 0.0 9.0 14.0

Taiheiyo Original Coal - 1.0 4.0 10.0 43.0 2.0 2.0 16.0 - 19.0
Red-mud+5 330 120 3.0 3.0 11.0 54.0 0.0 1.0 1.0 17:0

FeS 310 120 3.0 2.0 10.0 49.0 1.0 2.0 18.Q 14.0

“Taiheiyo Red-mud++3S 330 [+] 7.0 4.0 16.0 14.0 1.0 3.0 14.0 11.0
FeS, 330 60 1.0 3.0 13.0 19.0 2.0 2.0 12.0 16.0

tro WINOBRRBELICBENT S, /54 T4~ 2ITRLIZ, WIONDERIZBEVWTS, /5474
(FeS, ) #fite L& rFE—MEL0L POLISREPETLTBY, /54 74 bOEE

HEW — 7 EEIMEL, SEEERL TV S, MASE — N7 L —TEBIIBNT BRI N,
N4 T4 FEEE LT, BEDTA FBE Y — WA/ NA R OB, FRie—FiE il 2
JEREILB YA REELE, S500mOREA A — WEBESEHEL TELEP 2wt BEEm< Lo

R L—TEHNTRE Uz, 20 EE%E Table  THY, HWoH LOKOERELET O I &5 Hp
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Table 5 Experimental results on hydrogenalysis of Taiheiyo coal, Soya-Koishi coal
and Yallourn coal at 400 ‘C and 60 min with various iron sulfides

Coal Catalyst Hydrogen
consumption

7 FeS 3.5
Taih ! ! Recz—mud + 5 2.2
ai eyo coa ]l EE —xs 1.3
| reb 3.1
[ Fes 4.1
C | Reol—nud + S 4.3
Soya-Koishi coal { Fe s 36
LorelX 2.8
[ FeS 3.5
Yallourn coal Recz—mud + S 2.9
] Fe _xS 1.9
L reb 2.4

Yield € Conversion { % d.a.f, basis )

Gas 0il  Asphaltene Water - Conversion
4.8 40.3 22.8 8.8 76.7
3.8 7.7 23.7 9.1 64.3
7.9 18.1 20.3 6.8 531
5.0 15.9 18.8 4.6 48.5
10.4 20.4 17.3 12.3 60.14
8.7 18.2 12.5 15.1 55.5
10.3 13.1 10.2 14,1 uz.7
9.8 12.2 6.3 9.7 38.1
14.0 15.3 19.9 8.4 67.3
15,2 13.6 22.9 7.8 64.9
171 8.6 3.6 5.7 39.7
17.7 6.4 2.4 6.8 36.8



Table 6 Analysis of oil and asphaltene from Taiheiyo coal hydrogenated at 400 °C
and 60 min with various iron sulfides

Catalyst Ullimate analysis

Alomic

Hydrogen Structural
{wl ¥, d.m.I.) ratio distribulion Parameler
[+ H o N s HiC o©JC Ha Ha HO fa ¢ Hau/Ca (Ho/Ha)+l MW
oil
Fe 83.2° 9.0 4.6 1.0 0.2 1,30 0.04 0.157 .0.115 0.528 0.45  0.55 0.99 . 1.7 300
Red-mud +S  83.9 9.4 4.4 0.9 0.2 1,35 0.04 0.153  0.322 0.525 0.43  0.55 1.07 1.6 310
Fe,_,S 85.0 9.7 4.7 0.8 0.2 1,36 0,04 0,143 0.268 0.589 0.42  0.53 1.01 2.1 320
FeS—x 8u.1 9.7 4.6 0l8 0.1 .38 0.04 0,128 0.267 0.60% 0.40 0.56 1.01 2.3 280
Asphaltene
Fe 04.5 6.6 6.5 1,9 0,3  0.93 0,06 0.276¢  0.321 0.400 0.66 0.30 0.63 1.2 790
Red-mud + § au.8 6.7 6.9 1.5 0.1 0.95 0.06 0.211 0,352 0.438 0.62 0.53 0.69 1.2 790
Fe,_.S 84.7 7.2 6.0 1.3 0.2 1,01 0,05 0.222  0.346 0. 431 0.1 0,50 0.75 1.2 550
el ™ 83.8 6.5 8.2 1.1 0.2 0.93  0.07 0.231  0.308 0.462 0.64 0.5  0.67 1.5 550
Table 7 Analysis of oil and asphaltene from Soya-Keishi coal hydrogenated at 400
°C and 60 min with various iron sulfides
Calalyst Ultimate analysis Alomic Hydrogen Structural MW
$d.aul.} ralio distriblion paramcler
c H o N s H/C olC Ha Hae Ho fa n Hau/Ca  (Ho/Hn)+1
oil
Fe§ 84.4  B.7 6.8 1.0 0.3 1,24 0,06 0.187 0,313 0,500 0.50 ¢.52 0,98 1.6 290
Recdmud s 836 9.3 5.3 1,2 0.3 1.340 0,05 6.159 0.335 0,505 0.44  0.56 1.10 1.5 310
Fek”‘s 8u.8 5.3 5.8 6.8 0,3 1.3 0.05 @.157  Q.277  0.566 0.45  0.53 0.98 2,0 1o
Fe 82.7 9.4 5.7 0.5 0.3 1,36 0.05 0.157  0.265 0.578 0,43  0.52 1,04 2.2 310
asphaltene
Fe 84,2 6.9 6.8 1.6 0.% 0.98 0,06 0.300  0.339 0,357 0.66  0.43 0,79 1.1 510
Aed-mud + 5 B39 7.1 7.3 1,5 0.3 1.0 0.07 0.247  0.34% 0, uon 0,61  0.49 .82 1.2 560
Fck_xs 8.6 6.9 81 1.5 0.1 1.06 0,07 0.337  0.297  0.366 0.67  0.40 0.84 1.2 u5o
Fe 80.7 7.3 5.1 1.6 0.3 1.08 0.09 0,245  0.325  0.430 0.59  0.50 0.99 1.3 ({1
Table 8 Analysis of oil and asphaltene from yallourn coal hydrogenated at 400 °C
and 60 min with various iron suifides
Catalyst Ultimate analysis Atomic Hydrogen Structural
( $d.a.f.) ratio distribution parameter
c H o] N+5 H/C 0lC Ha Ha Ho fa a hau/Ca (Ho/Ha)+i
(diff)
oil
Fe 83.5 8.3 6,3 1.3 1.27 0.06 0.170 0.297 0.533 0.47 0.53 0.99 2,8
Red-mud + § 88.2 8.7 6.5 1.6 1.25 0.06 0.1683 0.343 0. 494 0,50 0.58 0.90 2.4
Fe S 83.5 9.2 6.1 1.6 1.31 Q.06 0.100 0.299 0.521 0.48 0.52 1.08 2.7
Fe}‘;x 83.7 9.5 5.7 1.1 1.35 0.05 0.161- 0.277 0.563 0.43 0.52 1.07 3.0
Asphaltene
Fe B1.5 6.9 7.1 4.5 1.01 0.07 0,285 0.335 0,378 0.64 0.4 0.83 2.1
Red-mud + S 5.6 6.7 7.3 0.4 0.03 0.06 0.254 0.351 0.395 0.65 0.50 0.73 2.1
Fe _xS 79.1 6.4 9.3 5.2 0.96 0.09 0.27t 0.351 Q.377 0.65 0.50 0.81 2.1
Fag 282.0 6.6 9.2 2.2 0.96 0.08 0.288 0.381 0,332 0.66 0.49 0.83 1.9
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Table 9 Composition of natural pyrites and exothermic peak temperature during
Taiheiyo coal liquefaction by high pressure DTA

¥
Atomic

DTA peak W %
Pyrite Catalyst Temp ratio
~ T SiTe Fe+S Si0;+AL0, Na,0+XK,0 Ca0+Mg0 Others
No, 1~ Yanahara (Okayama) 380 1.87 99.37 1.7 0.06 0.18 (Z:u 8;?
n 0.
LNo. 2 Malsumine {Akita) 381 1.93 96. 63 1.42 0.06 Q.14 Cu 0.31
No. 3 Akita 82 1.95 99,51 0.12 0.01 0.04 - Cu 0.24
No. 4 Ambasaquas Dogrono (Spain) 382 1.95 99.16 0.63 0.02 0.06
No. § Aichiken 382 1.90 96.8! 2.44 0.14 0.12 Cu 0.28
No. 6 Ka‘nmbori {Aomori) ag4 1.93 99,92 0.00 0.02 0.00 e
No. 7 Gunma 385 1.95 99,32 0.56 0.04 0.06
No. 8 Shiraoi (Hokkaido} 185 1.97 20. 82 6.38 0.04 0.01 Cu 0.24
No. 9 Toyohz (Hokkaido) 392 1.99 92.85 6. 47 0.12 0.18 Zn 8.4
No. 10 Kaminokuni (Hokkaido) 394 2.04 78.94 6.13 0.22 0.73
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Table 10 Experimental results of Taiheiyo coal liquefaction at 400 °C and 60 min
with various pyrites (100 mesh) using 500 mi autoclave

Hydrogen Yields & conversion {wt. %, d. m. {. coa] basis}
Caralyst consumption

wt, d. m.f Gas oil, Qil, Asphaltene Water Conversion
No. | Yanahara (Okayama) 3.2 5.6 16.3 17.0 25.8 74 71.5
No. 2 Matsumine (Akita) 1.3 4.7 11.9 11.3 23.3 7.0 63.2
No. 3 Akita 1.7 4.9 16.5 19.2 18.5 6.0 64.8
No. 4 Ambasaquas Dogrono (Spain) 2.6 {8 20.5 4.8 20.4 4.4 65.9
No. 5 Aichiken 3.2 4.4 21.8 17.1 19.1 4.9 72.5
No. 6 Kanabori (Aomori) 2.4 5.5 17.8 16.1 20.6 7.7 69.3
No. 7 Gunma 3.6 4.1 18.8 16.5 20.1 5.9 68.7
No. 8 Shiraoi (Hokkaido) 3.6 1.9 19.2 18.9 21.2 5.1 72.0,
No. 9 Toyoha {Hokkaido) 2.3 2.6 19.1 19.4 18.3 6.8 69.0
No. 10 Kaminokuni (Hokkaido} 2.0 4.2 11.4 11.9 18.1 6.4 53.8

— 14 —
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Table 11 Experimental results of Taiheiyo coal liquefaction at 400 “C and 60 min
with 2 p and 100 mesh pyrites

Yields & conversion (wt ¥. d.m.m.f. coal basis)

]
]
Hydrogen {
Catalyst consumption | Gas 0il, 0il, Asphaltene Water Conversion
} (0i1)
Red Mud/$S 2.18 | 3.8 27.7 23.7 9.1 64.3
Synthetic pyrite  3.49 e 40.3 22.8 8.8 76.7
No.1 Yanahara, (N.P.) 3.36(3.24) { 4.1(5.6) 20.8(16.3) 16.1(17.0) 24.7(25.8) 7.2(7.4) 75.5(7L.9)
No:2 . Hatsumine, (N.P.) 3.45(1.31) 11 4.3(4.7)  24.7(11.9)  19.9(11.3) 18.8(25.5) 7.5(7.0) 77.3(65.2)
No.8 Shireoi. (N.P.) 4.58(3.64) I 4.2(4.9) 23.2(19.2) 22.4(18.9) 14.2(21.2) 7.2(5.1) 74.4(72.0)
No.9 Toyoha, {N.P.) 3.30(2. 26) } 4.1(2.8)  21.9(19.1) 23.5(19.4) 14.6(18.3) 6.8(2.6) 74.4(69.0)
|
N.P. : Natural pyrite

{

)

under 100 mesh
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Fig. 20 Atomic ratio S/ Fe of iron catalyst
and yields of asphaltene and oil

Table 12 Chemical characterization of oil and asphaltene

Ultimate Analysis*

Atomic Ratio Hydrogen Distribution

——t— —L— I } |
C H 0 H/C 0/C Ha Ha Ho
(Oil)
Red Mud/Sulfur 83.9 9.4 4.4 1.35 0.04 0.153 0.322 0.525
Synthetic pyrite 83.2 9.0 4.6 1.30 0.04 0.153 0.315 0.528
Yanahara (fine) 85.4 9.5 3.6 1.33 0.03 0.129 0.298 0.573
Matsumine (fine) 85.3 9.6 3.9 1.34 0.03 0.145 0.305 0.549
Shiraoi (fine) 85.4 9.2 3.8 1.31 0.03 0.154 0.311 0.535
Toyocha (fine) 85.3 9.5 4.1 1.33 0.04 0.157 0.284 0.549
(Asphaltene)

Red Mud/Sulfur 84.8 6.7 6.9 0.95 0.06 0.211 0.352 0.438
Synthetic pyrite 84.5 6.6 6.5 0.93 0.06 0.276 0.324 0.400
Yanahara (fine) 85.3 7.2 6.0 1.00 0.05 0. 147 0. 364 0.489
Matsumine (fine) 84.5 7.2 6.2 1.01 0.06 0.229 0.287 0.484
Shiraoi {fine) B4.8 7.1 6.2 0.99 0.06 0.175 0.344 0.481
Toyoha (fine) 84.6 7.2 6.2 1.01 0.06 0.162 0.354 0.484

(fine) : Natural pyrite ground up to 2p
*:1wt%, d.af. coal basis
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Catalytic Activity and Function of Pyrite in Coal Liquefaction

Shinichi Yokoyama

Catalysis of pyrite was investigated for applying iron-sulfide catalyst to coal liquefaction process, and ap-
plication of natural pyrites to the process was demonstrated. The results of these studies are summarized
as follows.

1) Iron-sulfur system catalysts were prepared by different adding methods of sulfur to iron oxide. The cat-
alytic activities of them were compared with each other in terms of high-pressure DTA, and then the
catalysts before and after use in the DTA were examined by X-ray diffraction analysis. The structural
change of the iron-sulfur compounds is important to exhibit catalytic effects. The catalysts after the reac-
tion in the DTA are in the form of pyrrhotite.

2) The catalytic activities of various iron sulfides, such as pyrite, iron sulfide (III), pyrrhotite and troirite,
were compared with each other on the basis of temperature of exothermic peak in high-pressure DTA.
The activities increase with increasing the atomic S/Fe ratio and the pyrite has highest activity among the
iron sulfides.

3) Coal liquefaction experiments were conducted using a 500 ml autoclave to investigate the catalytic
mechanism of pyrite and the chemical characteristics and yields of the reaction products were analyzed. In
the presence of pyrite catalyst, deoxygenation and dealkylation are enhanced and depolymerization is faster
than removal of hetero-atoms.

4) Relationshis between the composition and catalytic activities of the natural pyrites were studied by analyz-
ing the temperature of exothermic peak and recording charts of differential pressure from the high-pressure
DTA. The catalytic activities of pyrites with the atomic S/Fe ratio of about 1.9 were higher than those
with the ratio of about 2.0.

5) The catalystic activities of natural pyrites ground into about 2 xm in diameter were tested with the high-
pressure DTA and 500 ml autoclave. The activites are comparable to that of synthetic pyrite.
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Table 1 Chemical analyses of sample
Proximate analysis(d.f.
Volatile matter
Fixed carbon
Adsh
Moisture(wt®% )
Ul timate analysis(Cd.f.w
Carbon
Hydrogen
Sulfur
Nitrogen
Oxygen
Ash

High heating value

(kca

wt% )

WMUICHDRN0% OEBFKIETHALY, =
hz 6mmBl I L i ic Ry 2 B85
RCBBEE - BNL THEL 2, 0oL
Yot % Table 1 I2R 3. 2B OEERRITH
LémmTdH 5, K7z, MBAEARTELTHL
PR DR 140, 425mm (BTER O, 35mm~
0.50mm) T#H 5,

KERIEE O % Fig. 112789, REEIF,
P20, 108m, 47 E1. 15m D & 7 > L 2 ( SUS316 )
HTHD, VADEICAKE2m, B2 %0%
AR FRU 7, FAEZIE, 25—+ 7 v 7H
DEBMC-F—F&k i, AP ST L2y
Va—7 48—k THMNFERICHE L,
REFHEERERES BRREOEISCT, &
OBt E BT 2 e oo 7,

2—2 EBAEIBLUERH

& HD LDREFRICHITROERD % FI L,
S — 5 — It kS TBARME L, RICEg
FNHEREBZEZEA LA LB
L TEB 28 L7, BREEDIEIFE00T
WE S TZRRTHEL — & — 10 k2G4
U, €OREFH OIS - THEL, B
IR 2 BRTEIREE I HEFIA L 7z HATE & 0 HE
HALEHIREE U i F i BB oHE L 7,
FEN A ERBE BB L 25810, FFKE AN
TRERICEHA U CKERE S A b ERELE, o

/5!,\'61?—)1/’7—)14%&1%‘/ VRO LY v
TANE—ZBLTY—-VEREL, BEICENL
AT GBI E > TCHEBIBRBLTHOH A A —
PR EORMBEME L7, HAMISFETY
YTV T URBICIHTAUT F IS TIT E D4y
i, 3EOBEREOESESRbT,
KBREETFAICHIEAT 2B OE Ws [ke ]
Z2.0kg &L, REULFT R % BV TE;
Up[m/s] #50.466m /s &0.558m /s D&pET
Tolze ZHIEREBBOBREF ADWE%
0.466m /s & L, R OEH2.0kg £3.5kg O
MZAFIZDNT, BRBRE T, [T] 25700C 5 5
9S0C ODHHETIT- 77,

3. XBREREE
3—1 REOHE

JEAIRE T, 2SHEEHHE L 700~ 8007 O )5 f 4k
T, FROBMEREY D ORE 2813
Fig. 2 ITR9 £ 5 IR & & I Mg L,
iz, BAARBEEZ < L->TNB, FE U,
=0.558m /s OHEOFERHE R F, 1385~
50g/ min ¢H V), Up =0.466 m / s DIFAIT I,
Fy=75~46 g/ min ©& - 77,

Fig. 3WHRAENZHRDH,, CO, CO,EED
Zb2Rd, BEFRICLEH,, COREDRE
PEBSBROENDN, FHRICELIEE LA
Ve F7z, BERIZED CO, BEIZEES



25 T T T

Ws
O Uo

2.0kg
0.466m/s(02=21%)
og- ® Uo = 0.558m/s(02;21%) i

a0
<
Z °
o /ﬂa
S o’
& 15 / . .
[ ]
@]
10 L 1 i
650 700 750 800 850
Tp [C]

Fig. 2 Specific flow rate of gas product
vs. bed temperature ; effect of gas

velocity.
20 T T T
181 -
CO20Q Q—O-—-Q
16} -
141 -
Ws = 2.0kg

O Uo = 0.466m/s{(C2=21%) ]
. ® Uo = 0.5668m/s(02=21%) |

Hz, CO, and COz [%]
o
T

10
g J
6 CO@ a—0— n .
al Hz O\th\g o
ol ]

0 L | ]
650 700 750 800 850
To [C]

Fig. 3 Effect of superficial gas velocity on
the relationship between composi-
tion of gas product and bed
temperature.
ORI S TRIF—ELEL>TNE, ThicH
L, REHH C, —~ C; OEHER{LAKFEEIX Fig.
4@ DEHITHTIOCTHRAELAELETRLT
W5, L EOFEEFADBAREITT 5 RME
DOZEAL (Fig. 4 b)) &, B EETHEHERMKER
EOB(LITRE LT WA I &b, OREHF
TIHERORRS & CTFEICNE U iy ORGY
BYEERRICEC > TWAEELLND, FT2,
FESENZEREN ARBIED W (Fig 2 ) 1z
WHIC, BAAR D OFRBEIEHREER E K& <

55,

10 T T T

(a)
[— —
X ——
[ J

T or i
-

0 1 1 l

1,500 . . 1

m
: N
= [ ]
g 1,000 Ws = 2.0kg 7
— O Uo = 0.466m/s(02=219%)
I ® Uo = 0.558m/s(02=21%)

500 [ 1 \
660 700 750 800 850
To [C]

Fig. 4 Variations of composition of light
hydrocarbon and heating value of
gas product with bed tempera-
ture.

{a) Light hydrocarbon,
{b) heating value.

B A LA S U RO ERIZHE > TRHME L 72,
iR A 23 Cg (Carbon gasified) .,

Cg = 100 (12 / 22.4) (Cco + Ccop + Cey +
ZCCZ + 3CC3 eec ) Qg/ (F- C. . Fo) b ( 1 )

Z 2 Cco, Ccoy, Cc, Ccp, Ccg--id,
CO, CO,, Ci--CsDpfbkzirD &S DEE
DECH S,
¥4 2 %)% He (Cold gasification efficincy) i3,

Hc =100 (Qg - Hv) / (Fo - Hh) -+ (2)

22T, FRPORBELTO#ERZED T,

Qg [ FET2E [ N1/ min ]
Fo RN oG E [ g/ min ]
Hy DT ATREE [ keat / Nm® ]
Hh I EHoRRE [ kcal / kg ]
F.C. ! BEEKLEE (-1

L H . SEREKESNES

[_] (EC1"‘C5)

Fig. 5 IZRFEN AR B LG H AHRLEH
EESOBERERT., KEVALE (Fig 5@)



80 l l T
(a)
. 80F .
X e O
w0 /
O 4ot o 1
20 L ‘ !
60 T T T
(b)
Q
40F % -
9\8 8/
T L Ws=2.0kg 1
© Uo = 0.466m/s(02=21%)
® Uo = 0.558m/s(02=21%)

0 H 1 |
650 700 750 800 850
To [C]

Fig. 5 Vaiations of carbon gasified and
cold gasification efficiency with
bed temperature.

(a) Carbon gasified,

(b) cold gasification efficiency.
BIREO RS & SICHBERNLTWVS, R
EWDE EBEERILKF DL B 5 < 72 5 75,
Fig. 2 1Z/R U 72 & 9 12384 7 2 B 133 ic A 7z
WieoiZ, fREUVTHFERICEZERITE D LA
Lipo i, WA ARNE (Fig 5(0b)) &, FEH
ADFERBISEA &2 HH770C L _ OB
BT BHARDEMEE, B RORED 2 DFEH
EOBPEHEICL>THEEF—FEELL->TWVD, &
HOHEISRFE N AR E RABOBERI L=l
ErR o RoF (RAS WA

3—2 RBBREFRTROE

R DOFIERN2. 0kg &3.5kg » Bk 5 JBIT,
TREHE AT A & U C BRI % 30 9% 12588 L /- 2o 4
#0.466 m /s DZEEFEE CHG L 1B SO ER
HTHEEL O OREN 2R (Qe/F,) i,
Fig. 6 IR BRIRE O H < @ (FE&N T8
U, SONREEWs 5B VEESMEARLT
WD, CNHBEFRNTEOEZNEEFE, EROE
WIHEIRFE 2N <, BO#EE L 05 2LRIS
WROETUcvbEZ N5, Fig 71354

25— T | ]

Uoc = 0.466m/s(02=309%)
O Ws = 2.0kg
20l ® Ws = 35kg )
’?0‘ (]
~
Z
o 1.5F .
L
~~
L'
o
1.0F -
0 | [ 1 B
600 700 800 900 1,000

Te [C]

Fig. 6 Specific flow rate of gas product
vs. bed temperature : effect of
mass of builk sand particles.

24 T T T T T T T

B CO2@
22 ;—"‘\:::2-0\0 |
20| M
18 E

TQ Uo = 0.466m/s(02=30%)
-8 160 o ws = 2.0kg 7
8’ 14~ ® Ws = 35kg 4
(@]
T 12r .
o
y 10 -
8 /./._‘\.
](}3 8t CcO O——“o\o\o,o\. ~
6F e S
- o
4r e O_\\o\\o |
2_ -
O | 1 1 1 | 1 I
600 700 800 300 1,000
Tp [T]

Fig. 7 Effect of weight of bulk sand parti-
cles on the relationship between
composition of gas product and
bed temperature.

HARDH,, CO, CO,EECBNEREICSd
HEERT. CO, H,BMEICEL T, Mk
WFBIZ &2 FEN B L 2800C L Fom s
BOTEEIHENT NS, REEHSEOIE SR

— 25 —



JEEEE <, o TG s hcER oK AL
RISIZ &5 CO, H, MROBEINIEN T E B
oIz kB EEZEND, RO LD IHHEE
CTEBEONS BEEOBEICE, EHRRTEZ
FRLAKSBELEHMAFLELTT7 ) —F— Fii
MOHLEL, #01d, BATONAMURGE
AR T & ORAIRIED & OHRERFRNIC R < KTF
5, D&}, Fig 8@ OFICRKRICHNE
Uil OB IR X 5 BER{LKERE, B &
0" Fig. 8 (b) OFEF A OHABOEITLENT
Wa, $t, FABHOOERICER ZEEMRT
WELERUUUETOTESHECER (Fig.
9) bbb, BERTEOZVWETKIGL AT
T OB RRIEE K <, BB LUV AL

14 T T T T T
12_(a) |
Y
10+ o/‘o\.\ |
X 8 “ .\ .
I L |
| 6 \ .
4k °
2+ N
0 1 | I 1 1 | |
2,500 — T .
(b)
2,000 o e 7
— O‘_\O\.
(U]
1=
prd L
< o)
© 1,500 Y% -
&
— Y
>
T
1,000 S i
Uo = 0.466m/s(0z2=30%)
O Ws = 2.0kg
® Ws = 3.5kg
500 1 1 1 | 1 — 1
600 700 800 900 1,000
To [C]

Fig. 8 Variations of composition of light
hydrocarbon and heating value of
gas product with bed tempera-
ture.

(a) Light hydracarbon,
(b) heating value.

RIEH £ DR LT 2 & phh B, FIRAIC 148
S5 (V.M. ) OZ{LLRLTO AN, RS
TS U I OBRA R E SRS, BIEKT
BiItko T BRRED LA L & B ITEREL T
%,
DlEoiRr s, REFSALEECgB EUBT
AFEHcxzheh (1) RBLO (2) K
Lk TEBHNEERN L TRELZER % Fig
10 @) & (b) IR d, BREREOEREEBHICCg
DEFHEFAREIL TS0 L (Fig 10 @) ),
He O ff X B3 Mm% 12 $9800~850C LL L T
SeEmAERLTWAS (Fig 10 (b) ). F7z, &
R TEOBINC LS Cg B LU He OfEE, B
PHEREEE EHICEMLTN S, ZOLDIT, HIE
Utz H ARE OSSR T B O SR
HA SR AW L34 X TEETHDEER
Bhb, Fiz, HBMHEERIC K- TENEREZH
BT AEEI03, EEROBREEDH TIEITA
(LIRISER B0 5 120 DBRESGICRATPH 5
f, AEROD LS ICERERAINT S & TR
BARINL TEELEES CENBETH S,

4. ¥ £ &

EHKI0% DRRICFERRIIZ25%ES - B
I3 2 SRR - D A ABRIG I B AX 9 R 7 A
{bHiE & REHAR T ¢ b SR O TEEE DA
SVTKET LTz, #ORE,

100 I T T I T T T
90+ Uo = 0.466m/s(02=30%) -
— sol O Ws = 2.0kg
3 ® Ws = 3.5kg ot
70k o
= /”9//
= 60F ° °/O .
e 2
S 50F  Ash_g7 .
J 40}  FC.Tow, .
LL, a0l }\\o\o )
5 I N
< 20} .\\ —
[ ]
10k V.M. ~sn B
0-—0-0-—gc.e
0 ; L L s L L 1
600 700 800 900 1,000
To [C]
Fig. 9 Proximate analysis of entrained
particles.



80 T T T T
a
70+ ( ) /_._____. 7
_—e
60} *” . o
s
'a_g' 50_ 8
A0F —
S
30 -
20r =
10+ .
0 [ { I | L | Il
70 T T T T T T
sol. (©) |
@
50+ /. \. 7
— Oo——0
B_Q. 40 ;/ \ .
© 30F °
20k Uo = 0.466m/s(02=309%)
O Ws = 2.0kg
10 e Ws = 35kg 7
0 ! L Ll L 1 L
600 700 800 900 1,000
Te [C]

Fig. 10 Variations of carbon gasified and
cold gasification efficiency with
bed temperature.

(a) Carbon gasified,
(b) cold gasification efficiency.

1. BEWEHF2.0kg T, KT ATEED
0.466m/s &£0.558m/ s TI&, {Ei#HOD S HBE
RICKEDEE S < 750, SN 2 DHEMED
mMbEUfz, UbLads, REFAMES L0
A APEIZIZRPTO N1,

2. FREEH AFEA0.466m/s (0, =30%)
E—TEILLT, EWEZ2 0kg &3.5kg &A1
BEITE, BYEOZ VARSI H AL,
JRIES S 0T U te o FEET Arh OBE g1t Ak
¥ Hy, COBEOHEINICLY, FHegminr,
RFBH AR EEH AR L 12,

M

RBREORE & REHIC A TED 72t
HTERABI = HRE—NCEHoRRE L
TO

s E XM

1) dcHps TEBRSBATRS, $495 (1990)

2) JEERE TRFARERITME, H51%, p 23
~26 (1991)



Fluidized Bed Gasification of Oil-Containing Peats
Yoneshiro Tazaki and Shigeo Chiba

Gasification performances of the dehydrated peat including waste oil were examined with air and oxygen
rich air in a fluidized bed of 0.108 m inner diameter and 1.15 m height. The dehydrated peat containing
40% moisture was made up granules by adding a waste oil of 25% in a mixer. The granulated fuel mate-
rials were fed into the fluidized bed of silica-sand by a double screw feeder. The experiments were carried
out in the range of 700 to 950 °C bed temperature.

The heating value of gas products increased with decreasing air velocity due to increase in light hydro-
carbon products. However, both carbon gasified and cold gasification efficiency were not affected by the
fluidizing gas velocities. The effects of weight of silica-sand loaded were also examined at a given gas
velocity. The data suggested that the larger amount of bulk particles caused the higher pyrolysis and gasi-
fication reaction of the granulated fuel in the bed.
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