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Fig. 1 Concept of continuous gasification of carboneous materials

Initial condition During reaction

( I ) impregnation method
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(11 ) physical mixing method

(I -1) The melting point is higher than the reaction temperature

(T -2) The melting point is lower than the reaction temperature
(o -2a) The amount of catalyst is not abundant

(o -2b) The amount of catalyst is abundant

O

Fig. 2 Concept of distribution of catalyst in carboneous materials
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1 valve 6 carboneous materials

2 flow meter +catalyst
3 heater 7 ribbon heater
4 reactor 8 gas sampler

5 thermocouple 9 ice trap
10 gas chromatography

Fig. 3 Reaction apparatus
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Fig. 4 Variation of catalytic activity with time
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Fig. 5 Effect of melting point of catalyst on catalytic activity
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Fig. 6 Effect of catalyst weight on reaction rate
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Fig. 7 Variation of product distribution of lignin with temperature
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Fig. 8 Repeated use of catalyst for activated carbon
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Fig. 9 Repeated use of catalyst for lignin

—BILRFE D EREE S BEICHML, ROTRHOKCER TR
L7BENAEZRLLBEICHNSEULEIC K72, F2Z20%
BREERSL 77774 F ERIL &9 ichigIC & > TEL 72,
INLDEER ) S DEREED LRFENVERIERICEL T,
Fig. 6 1c/RL 72, ThE D) V=2 3BERL ) BICECEET
H 2T B Z G-tz HBKE, A5 BLUKDERE
EREZZRLBTBELELTH ), MR "B{LRED
HEICE > UIEAEEILL kb o 72,

2.4 MKORENA

Fig. 1 10oR L 72 diie B0 WTREM: 2, il & RAEGEA L hiies
HAEILERET S Z L2 & ) FANL, Fig. 85 ZDRRTH 5.
LA #E R ) Li2COs, NasCOs, K:COs 12 g X iEMK 0.2 g % HH
BICRAL, BXFRL A5 IBKETTHELL. ZORET
3R E2RP I VAR L 72 il i IS R AT B L 72 kB8 (Fig. 2 D 1T -
2b) iz o TWa, T2 TRMbRFE LML CRIGEZBHME L, FITE
B P4 I — B LR B~ D BUGE % I L 450 4 BUG % Fel 72.
ZDEEE TD CO D RIGED & 3RKed 72 1M K O BROGEIL 98%
Thot:, BELMLLHLHRIRT TRHL, BOWERERY 0.2g
MZECRELE IR L2, £2FEBROERE 2 55 ORI
) LizCOs & KLLOs I2 W T HITWHICR L7z, WTHDHED
1EIB: 2EEDRERIZL—HKLA. Fig.93) 7=>icown
TORERTH B, ZNHAITIZ CONfilic H = A& CH,
MR L7255 COIF TR ZNLEDHESDEREE D 1EE
b 3EMENFERIT L (—BL 7%,

INLORERE N, BRRBIEAMEEL T EICLY), RE
B R SERRIC BUBEHCHE L T L CRIGL, MEEIET L
Wz &b b, Fig LISRLZEBSBRIENTTRETH 5 LR TE
5.

2.5 ZwuinMikEnkEHR

BRI, 7 ORI L BUSRE & DK U RS EBRIC
BRI2NTW 5, 65T, I EMoBEREEZ LTS5,
BRI S 5 L 2 AF SR & I3RS M RHIWIFTE 5.
FZTHRRF v —0F 2t i iE ¥ »* % 5 (Takarada et
al., 1987) = v 7w L DIEFHRER, EEK1.72gI=Y
7N0.12g 2 ZBRETHFEL, &k Li.COs Na:
COs, K.COs 12.7 g #HHBESHETREL, RGEIT- 7.

fbef Tk



Wea [g]

Li,CO5+Na;CO5+K,CO;
imp i (physical mixing)

12.7
0

-
<

N
zZ

T llllill

® O
(=1
NI

-Rc [mol/(s = kg-carbon)]
T
I ;

S ! !
1

I T TTTTY

[¢]
o

12.7

-—
<
w

T=873K
wactwated carbon,0 1 72g

(IS

T TTTTT

700 150 200
Time[min]

0 50

Fig. 10 Effect of mixing of Ni and molten salt catalyst on reaction

rate at 873 K
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Fig. 11 Effect of mixing of Ni and molten salt catalyst on reaction

rate at 773K
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Nomenclature

[mol/s]
n =repeated number [-]
— R. =gasification rate of carbon [mol/(s+kg) ]
R, =reaction rate of component i [mol/ (s kg)]

Fi  =molar feed rate of component i

T =reaction temparature K]
Weat =weight of catalyst [kg]
W, =weight of reactant of j [kg]
X, =conversion [-]
7 =ratio of mole of component i to that of N2 [-1]
{subscript>

i =component i (CO., CO, CH4, Hs, H20)

j  =reactant (activated carbon, graphite, lignin)

0  =reactor inlet or initial condition
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Gasification of Carboneous Materials by Carbon Dioxide
with Molten Carbonate Catalysts
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Reactions of graphite, activated carbon and lignin with carbon dioxide are carried out at 973 K by

using alkali metal carbonates (m.p.891~1,164 K) and eutectic mixtures of these compounds (m.p.

669~787 K) as catalysts.

The reaction occurrs by mixing catalyst with graphite physically when the melting points of the

catalysts are lower than the reaction temperature. The gasification rates of graphite and activated

carbon by this physical mixing method are almost the same as those of the impregnation method of the

catalyst. However, the reaction with catalyst using the physical mixing method did not proceed when the

melting points of the catalysts are higher than the reaction temperature.

Repeated use of the molten catalyst is also studied to investigate the possibility of continuous
gasification of carboneous materials. After the activated carbon(or lignin) is consumed in a batch

reactor, the same amount is added in the reactor containing the catalyst and the reaction starts again.

It is found that the eutectic molten catalyst can be reused without any loss of catalytic activity by

repeating this operation.

Furthermore, the co-existing effect of molten catalyst with Ni catalyst is investigated. The reaction

rate at 773 K in the case of co-existing these catalysts is 4.3 times of Ni catalyst.
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