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A STUDY ON THE CATALYTIC GASIFICATION PROCESS OF COAL
BY USING FLUIDIZED BEDS

Yasuo HATATE, Yoshimitsu UEMURA, Yasuhiro TOMARI, Shogo SHIMONISHI,
Hideaki TOYOSHIMA, Kazuya IJICHI, Yasuhiko TANAKA and Kazuo KONDO

Considering the future demand gor hydrogen, advanced coal gasification technology is a promising
alternative. In the present study, the screening of catalysts for coal char—steam gasification, and gasi-
fication tests using fluidized beds were carried out which successfully applied fluidized bed technolo-
gy to catalytic coal gasification.

Catalyst screening was carried out by using a TG type apparatus on the following groups of
catalysts: (1) chlorides, carbonates, hydroxides, nitrates, and sulfates of alkali metals, ([I) chlorides,
nitrates, and sulfates of alkaline earth metals, and (Il ) chlorides, nitrates, and sulfates of transition
metals. Two kinds of coals, Mettiki (USA) and Womboo (Australia), were mainly used in the form of
catalyst—supported char (1.0 meq—metal/g—char). The gasification temperature was 1098 K and the
partial pressure of steam was 12.2 kPa. The result of the screening showed that K;CO3—Mettiki char
system was the most favorable one for hydrogen production. The effects of the catalyst loading and
the partial pressure of steam on the gasification rate were investigated for the system.

Mettiki char with a catalyst (K2CO3 or Na2COj3) was gasified by steam in fluidized beds (10 cm
and 15 cm of internal diameter) at 1098 K. The gasification experiments in fluidized beds showed that
the quartz sand used as ballast acted as an inhibitor to the gasification. By using ceramic particles
supporting LizCOs3, the inhibition effect decreased.
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Table 1 Composition of coal

SEIRIFE200um DA R % No K, 1123K T7 7R
BULE L TF v —{b L7z, MBEMELRINTA0iEL
LCiOBEmMRE AR, OF + v ik, OFRIE,
PEIFONLD, AR TIIERELHRAL, 4
bh, ¥, fido (1) 2»5 () (BT 5880
BiKk—2% ) - VEERREGTRICERSEERRY
Uz, THICTFIYRIIE200um D F v — % 3 B
HGEREEDL, 3TBKTO— %) —T/NKL— (2
T D EREIE S, 8512383K T 1 BREHE I,
i B DRI, 0.57%52.0meq—metal/g—char O
EHTITY, EENLMEYEBERME D 1.0
meq—metal/g—char & L 72,

1. 1. 2 EREERUEE

BMUISRT &) R AkBER-ERREV AT~
YA EEREAMERARE (BEEEATGA-
40/D T —40) BIREEBIZL D F v —DKERN X
ICEBREITo 70 BT AOKERER, EEHF X
MELZLWNIIKT7 4 — ¥ —OftEE*a > o —
FTHIEILLDRE L, RIDEYHMAFT R, 7
1AL 9 ZIZE W KBEROKRT RIS, R
B TT—%WRI3ENDH RO T T THNEE

Coal Ash V.M. Fixed C Fuel Elementary analysis [%]
(%] [%] (%] ratio S C H 0 N

Esas 7.4 20.0 72.6 363 | 1.15 | 83.3 | 4.5 | 23| 15
(onondillyB 1.8 | 2.0 | 632 | 243 | 0.37 | 77.4 | 43 | 53| L5
Voura 1ia) 123 | 206 | s&1 | 1% | - | - | - | - | -
?Xﬁzgﬂﬁia) 9.7 34.6 55.7 1.61 0.49 | 72.9 4.8 8.5 2.0
?Qﬁﬁtfgﬁyfe“d 9.2 35.0 55.8 159 | 050 | 76.0 | 5.0 | 7.9 | 19
(ot 6.3 | 415 | 522 | 126 | 0.32 | - - - -
Ve 1.5 | 433 | 452 | Lo4 | 3.2 - - - -
}}§§§ﬁ§° 13.8 45.1 41.1 0.91 | 0.3 | 66.6 | 55| 131 | 1.0
Table 2 Mineral composition

Coal Mineral [%]

oa Ales SiOg Fezo;; Ca0 MgO NaZO Kzo TiOz
Mettiki 32.3 45.8 12.6 2.1 0.2 0.5 2.0 1.4
Womboo 25.5 65.9 4.2 0.9 0.2 0.7 0.5 1.2




BF-LH-0-TE- 85 M- W - BRERT A 70X R HT AERHE-BENR 7Y -2 FROGHRIZL 572 {E- 65

Thermobalance Exit Aspirator
Gas w
Stop sampler

Oritice
meter

Ice trap Gas

Water feeder chromatographs
Fig. 1 Experimental apparatus (thermobalance type
gasifier).
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Table 3 Effect of coal on gasification behavior

ZEETOMRLLL, SEIOERIIBOTIZERL
LMo,

L 7-4200mg O F ¥ — % 150mesh O 75 F F
oy bCES72/NR 7 9 MIZANR, BRBOREE
BFEHRIZRL, RNREZETATHRGBR LK, &
REMED, HRALEE (1098K) (ZFHET 5 L FIEHC
KEKEFMBL, KERKTSRALERG L, AT R
#ifi #400cc—~NTP/min, KAELDHES.4%521.7kPa
DFPHTEERE 1T 7o, BN L KERTE I,
12.2kPa & L7 F+— DA ZLEE (dX/dt) 13,

KRR L D EB LB OERTLE {MS T A C

LILEDEH L, AR, HOFZAT4 U IZE
HLETAZ NS 7200 L, ZBIbLiRER
U—E LB L Tid, e EORMIREDEFIH
L0, KEICELTIE, #EdgefiAvsiLilk
D HADHBEER L7

1. 2 HBRRUEE

Catalyst (dX/dt) max Gas composition
(K2CO3)
Coal Loading x10% [mol %]
[meq-K/
g-char] [min™] H, Cco CO;

Mettiki 0 0. 64 47.8 52.2 0
(USA) 2 34.8 62.4 10.2 0
Wollondilly-B 0 1.47 100 0 0
(Australia) 2 36. 4 57.9 6.2 35.9
Moura 0 2.15 100 0 0
(Australia) 2 37.7 66. 2 7.8 26.0
Womboo 0 1.25 52.6 23.5 23.9
(Australia) 2 35.9 61.9 9.8 28.3
West Wallsend 0 3.53 83.8 0 16.2
(Australia) 2 39.0 63.7 5.6 30.7
Yuhbari 0 1.84 100 0 0
(Japan) 2 78.3 60. 6 6.4 33.2
Miike 0 5.90 82.9 0 17.1
(Japan) 2 73.9 62.1 9.8 28.1
Taiheiyo 0 11.3 61.8 1.6 36.6
(Japan) 2 69.8 60. 7 15.6 23.7
Gasification conditions

weight of char : 200mg (200 2 m)

partial pressure of steam : 12.2kPa

gasification temperature : 1098K
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%, AR OREEH ) Y 4 2 meq—K/g—char RN
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2F4ARVSIITRT, £/, MEHMEEAFEL O
KERDTEDEB*RFAT DT - EBROKER %
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1) X9 7FROBE

a4 &b, EMBEOHEIIIHT A(EREIZ0.64X
103min" THh, FT/ERHF AL LTIEH, & COAT
FIFEREAERL, COIERLEVI ENDbD S,
BT, ZOEMEOFREIEILTHRT 5.

(a) 7VH)EBRRME Ka»bobrB L),
—ERDOBIN F RV T T OFEFIAIEL L T 5,
K>Na>Li
KEEAL > IR BIE >Rk

Lang® i3, &4 + >R L7 N4 ) &BIEIZDOWVT,
Cs>Rb>K>Na>Li L W) FESl%, £/, A—D7
WAh Y EBICA L, KELY S IREE> IR E VS
HELETBY, SEOERL LTS, 40
DERIN-—FRL T 2 DKEKT AL %7572
Hashimoto 5Y D& EH B iz Liu 57 DERE G &
C—HLTwa,
TNH)EBIZELBFTAA =X LELTHRLE
WEEZLNTVADIE, Wigmans 5V 2% 5%
DEIBDBDTH b,

M+H.0 = M(O)+H; (1)
M(0)+C = CO)+M (2)
M(0)+C(0) = M+CO, (3)
C(0) - CO (4)

(b) 7TAh)IHEBRME K4hObDPELS
12, AALEER, —HOBISEBRVT Ba>Sr>Ca

DF18ME, MeCl, D AT EALTEHEZRET,
Hengel &% D F (Ca>Mg>=HAE) L ¥ TH -
726

(c) BRESERAME X410, EBRLERMII,
AR L, KELREFL LV LAbh
b, BKRIEED Co(NO3), THEAMENHEDH 4 5D
HALHEE*R L, FeCls, RuClzid, 1A EH R
LIREMEE RS LD o7

Castilla 5" i3, Cu>>Cr>Fe>Mn>Co=Ni=Zn
EVIIEREREL TS, CoO%E, KER%23 %
EARBENHZLH DT, HLDERL IR
DHEEZRL TV,

2) 7 RROBGE

RS &D, EREHFOTAEEIX1.25X
10%min™ THhH, Zhizry FTFROBELD 2R
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&V Guo LY DEERII—FKT 5,

BUEMEIZ &L B A RLREDFEFL, X v FFRD
BELBAR L TH L, REMHEOKE ENhILD
Bub, A9 TFROFIZBWT, L hKER{TES
R EIRL7-pifid, KOH, K,COs; NayCOs;, MgCl,
RUNiCl, TH D, CaCl, RU FeCls i3, @i iaf L,
BIFRIEDOMEE R LT Y FROFIZBWT, X v
TERRLDRKELBEHRERLAWE IR, Ruie
Lotz
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(1.0meq—metal/g—char) ® 2 f& & ¢ K,COs;, KCI,
Na;S0,, CaCl, RIS NiCl, #{B# X722 v 7 3 1%
Frx—DHALETo7 (K.CO3 12DV T, 0.5%
U0.75meq—K/g—char DIBHFE T, NaSO4 22\ T
{%, 4.0meq—Na/g—char CHEER*¥1T-72) &= 3,
K6IIRT L) RERIELNL,

HIFED 245 (1.0 52.0meq—metal/g—char) &
L7k &, #A{L#EE L, KoCOs, KCl, Na,SO,,
CaCl, EHO%E, #hZFh, 2, 3, 4, 615,
NiCl, fERERIE, FEAET DO Aol -7,
K2CO3 %0.5% 10.75meq—K/g—char 8% L -84 D
HAREHEIL, BOTHAENWI EXbh D,
Formella 512X Y, ARH D Si RCALIZE DT
DL ) RREEFNVRICATRENT,

Al;03+ Si02+ 2H,0 + K,COs3
—KAISiO4+2H,0+CO, (5)
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Table 4 Experimental results of TG gasification (Mettiki)

Catalyst (dX./d-t),,m Composition [mol %]
[min'] H, CO CO;
No 0.64x107 47.8 52.2 0
LiCl 1.31 80.9 0 19.1
Li»CO3 3.80 64.4 23.1 12.5
LiOH 1.13 72.4 0 27.6
LiNO3 1.67 69.7 0 30.3
Li2SO,4 2.49 - 68.7 11.0 20.3
NaCl 3.35 57.8 11.0 31.2
Alkaki metal NazCO3 7.71 57.6 8.1 34.3
NaOH 22.5 65.8 3.3 28.9
NaNO; 4.66 65. 2 6.9 27.9
NazS0O,4 6. 87 66. 8 6.4 26.8
KCl 2.69 32.9 22.6 44.5
K2CO3 14.8 59.4 8.3 32.3
KOH 21.5 42.8 22.6 34.6
KNO3 8.92 67.6 4.2 28.2
K2SO4 21.1 69.2 4.3 26.5
BaCl, 4.94 48.3 5.7 46.0
Ba(NOs); 11.7 64.7 2.2 33.1
SrCl; 7.71 64.5 3.4 32.1
Alkaline Sr(NO3) 2 8.10 62.4 7.5 30.1
earth metal CaCl, 1.51 50.0 34.4 15.6
Ca(NO3y), 2.21 66.7 2.6 30.7
MgCl, 0.84 42.8 32.4 24.8
Mg (NOa) 2.00 52.4 11.6 36.0
MgSO4 2.01 69.5 18.7 11.8
FeCls 0.98 62.8 24.7 12.5
Fe(NO3)3 2.04 74.5 8.0 17.5
CoCly 1.37 53.7 23.5 22.8
Co(NQO3) 2 3.06 61.2 22.6 16.2
CoSO,4 2.72 65.4 21.9 12.7
Transition NiCl, 2.50 56.3 8.2 35.5
metal Ni (NH3) 6CO3 2.49 59.4 29.3 11.3
Ni(NO3), 2.61 55.6 33.6 10.8
NiSO,4 2.23 71.7 17.2 11.0
Ni(OAc)» 1.42 52.0 34.7 13.3
RuCls 1.11 49.7 50. 3 0
PdCl; 1.63 46.5 38.5 15.0
H,PtCls 1.40 48.7 28.5 22.8
Gasification conditions
weight of char : 200mg (200 gm)
catalyst loading : 1. Omeq-metal/g-char

partial pressure of steam : 12.2kPa
gasification temperature : 1098K
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Table 5 Experimental results of TG gasification (Womboo)

(dX/dt) yax Composition [mol%]
Catalyst [min™"] H, Cco Co,
No 1.25%1073 52.6 23.5 23.9
KOH 2.77 60. 2 15.6 24.2
K.CO3 2.70 53.4 12.7 33.9
NazCOs 414 61.1 10.6 28.3
CaCl, 2.75 60. 1 12.7 27.2
MgCl» 0.82 68.2 12.2 16.6
FeCls 2.22 63.2 13.2 23.6
NiCl, 2.13 55.3 21.8 22.9
Gasification conditions
weight of char : 200mg (200 2 m)
catalyst loading : 1. Omeq-metal/g-char
partial pressure of steam : 12.2kPa
gasification temperature : 1098K
Table 6 Effects of catalyst loading and partial pressure of steam (Mettiki)
Catalyst Puyo (dX/dt) max Composition [mol %]
loading  Imea” | kpa] [min™"] Ho co €Oy
No - 0.64%1073 47.8 52.2 0
0.5 1.13 39.8 25.3 34.9
0.75 1.95 66. 2 9.1 24.7
KoCOs 1.0 15.3 59. 4 8.3 32.3
2.0 29.3 54.4 12.1 33.5
Kcl 1.0 2.77 32.9 22.6 44.5
2.0 12.2 7.72 39.0 22.9 38.1
1.0 7.07 66. 7 6.5 26.8
NazSO4 2.0 30.3 70.1 8.1 21.8
4.0 40.6 67.4 7.5 25.1
1.0 1.56 50.0 34.4 15.6
CaCle 2.0 9.23 63.6 1.8 34.7
. 1.0 2.58 56. 3 8.2 35.5
Nicl. 2.0 3.09 45.3 38.5 16.3
5.4 9.53 56. 3 8.6 35.1
K2CO3 1.0 12.2 15.3 59.4 8.3 32.3
21.7 19.4 67.7 4.4 27.9

Gasification conditions
weight of char

gasification temperature :

: 200mg (200 g m)

1098K
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Fig. 2 Gasification rate of Mettiki char.
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Fig. 3 Gasification rate of Womboo char.
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Fig. 4 Effect of catalyst loading on gasification rate.
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Fig. 5 Effect of steam partial pressure on gasification
rate.
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(dX/dt)pp =6.7X 107 (Ci,co,~0.75)* p " (6)
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nd, EROBEIT LM, TRLNEB)TH2,

#H AR D 1098K
ngcr)3 1 0.75—2.0meq—K/g—char
pHZ() :5.4-21.7kPa
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EREIWMELFEBETHL, ARELTIE, 2y T7F
KERERY, FH LIRS OMEETEIIEHLET, £
ELTEHHEImmOF v+ — & LCTHEAL,

2. 1. 2 XBRES

WEMERF & LT, FTITRT LD 2AEEBRUF
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U15em D2 EED AT > L ABAE S EH L7, &
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Table 7 Physical properties of ballast particles

l, d, Upy [cm/s]
|g/ cnf] [pm] 300K 1098K
quartz sand 2.51 189 3.3 2.0
ceramic 4.86 206 5.1 2.5
Char Exit Aspirator

Air-oil separator

Airiﬁlttégﬁ

Distributor
Pressure tap

Fig. 6 Experimental apparatus (fluidized bed gasi-
fier).
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Table 8 Experimental conditions

Static bed height . 20cm

Bed diameter 10 and 15em
v ©3.6-9.6 cm/s
Feed gas : 10mol% steam/Nz
Temperature 1 1098K

Char loading 1 3.2-20.0g

Char diameter ©0.30 and 1.0mm

2. 2 RERUEE
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FELHTF & L TREM & BV oRE
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7RU8IC, MEE LTEREN K,.CO3 RV
Na,CO3 % L 7= & D 7 ALEBE DV T
LR BRI L ORBETRT, M7 OBRKE
EDFERIZ BT 805 & D AR 7 A{LERE D
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Table 9 Gasification by fluidized bed
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Fig. 7 Result of coal char gasification (Dt = 10cm,

catalyst: K2CO3).
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Mettiki char Fluidized bed Results
Average Charged Ccat U Dy Ballast Table | Figure
diameter amount Catalyst [meq-metal] [em/s] [em] particles No. No.
[ gm ] (8] /g-char ]
300 3.0 K2CO3 4.0 - 7
5.0 5.6 10 8,9
10.0 5.6 10 — 9
3.2 |08 . 3.6 10 8
8.6 L 9.6 quartz 10 8
11.3 5.6 sand 11 10, 11
1000 7.2 K2CO3 3.6 11 10
10.9 7.6 11 10
11.4 No — 5.6 15 11 10
9.8 5.6 : - 11
20.0 K,CO3 1.0 8.0 ceramic - 13
18.0 8.0 1.9wt % — 13
15.0 No — 8.0 i‘ele;,‘(a:r?:c/ — 13
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Fig. 8 Result of coal char gasification (Dt = 10cm,
catalyst: Na;COg).
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Table 10 Composition of gas evolved(I)

U hg?g:!“ Cha,Co; | Composition tmot®r.]
kst | o) | ehan| Hz ] CO | €O,
9.6 | 86 46.2 | 31.4 | 225
56 | 5.0 1.0 45.6 | 28.0| 26-4
36| 3.2 24.5 | 34.3 | 411
(TG)| 0-2 57.6 | 81| 34.3

(Dr=10em , d. =1.0mm)
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Fig. 9 Effect of char loading on gasification rate (Dp
=10cm, catalyst: NazCOs).
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Fig. 10 Effect of U on gasification rate (Dp = 15cm,
catalyst: K2COs3).
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Table 11 Composition of gas evolved (II)

U miri [CKZC?(;; Composition imol®.)
meq -
emis)| tg) | g-chann| Hz | CO | CO,

76 | 109 269 | 272 | 459
56 | 11.3 1.0 205 | 41.2 | 383
3.6 7-2 22.0| 254 | 526

56 |11.4 0 299 199 | 503
(TG)| 02 1.0 59.4| 83| 323
(D7 =15cm ,dc =10 mm)
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Fig. 11 Effect of thermal pretreatment of char on gasi-

fication rate (Dt = 15cm, catalyst: K2CO3).
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Fig. 12 Effect of fine quartz sand on gasification rate
(TG experiment).
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Fig. 13 Effect of ballast on gasification rate (Dr =
15cm, catalyst: K2CO3).
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1. BEETL2 O KFIEN O E LT, Rl

H) T LEBEL, VA LEENEBRAYEB,
2. RIGIREEI098K TREFMZEEBWTAELR, EE
10cm K U'15cm i BH G4 (E % Sk S &, Ry 2
{LEBL TV, AEBEERETIE, AXEFRICL
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SHILZDERD, FRLAAERIZHLZ LY
BHoMizl, MEEEES I v Z7RFI2LY, £
DYUENTETHAI L EFRLI,

I

Nomenclature

C...=catalyst loading [meq—metal/g—char]

% 31 5 (1989)
D--=internal diameter of fluidized bed [em]
d.=diamceter of coal char particles [em]
d,=diameter of fluidizing particles [eem]
PH,0 =partial pressure of steam kPa]
t=process time [min]
U=superficial gas velocity [em/s]

U..s=superficial gas velocity of minimum fluidization

lem/s]

X =conversion of carbon in char -]

P =density of fluidinzing particle lg/em?)

Literature cited

1) Castilla, C. M., J. R. Utrilla, A. L. Peinado, 1. F.
Morales and F. J. L. Garzon: Fuel, 64, 1220
(1985).

2) Formella, K., P. Leonhardt, A. Sulimma, K.—H.
van Heek and H. Juntgen: Fuel, 65, 1470 (1986).

3) Guo, C.—T. and L.—M. Zhang : Fuel, 65, 1364
(1986)

4) Hashimoto, K., K. Miura, J. J. Xu, A. Watanabe
and H. Masukai: Fuel, 65, 489 (1986).

5) Hengel, T. D. and P. L. Walker, Jr: Fuel, 63,
1214 (1984).

6) Lang, R. J.:Fuel, 65, 1324 (1986).
7) Liu, Z.—L. and H.—H. Zhu: Fuel, 65, 1334 (1986)

8) Miura, K., M. Aimi, T. Naito and K. Hashimoto :
Fuel, 65, 407 (1986).

9) Sears, R. E: US DOE Reports, 8 (1986).

10) Takarada, T., N. Ida, A. Hioki, S. Kanbara, M.
Yamamoto and K. Kato: Nenryo Kyokai—shi, 67,
1061 (1988).

11) Wigmans, T., R. Elfring and J. A. Moulijn : Car-
bon, 21, 1(1983).



