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Abstract — In this study, we used a commercial simulator to investigate the gasification characteristics of Roto coal in the
partitioned fluidized-bed gasifier, which consists of 4 parts such as coal pyrolysis, char gasification, tar/oil gasification and
char combustion. The heating medium was exchanged between the combustion part and the gasification part in order to
supply the energy needed for pyrolysis and gasification. The correlation model from experimental data in relation to the
reaction temperatures, the reaction gases and the coal feed rates was derived for the coal pyrolysis. The equilibrium model
was used for the gasification and the combustion model for the char combustion. In order to compare the reaction behavior
of the partitioned fluidized-bed gasifier, the single-bed gasifier was also simulated. The cold gas efficiency of both parti-
tioned fluidized-bed gasifier and single-bed gasifier was almost the same. The H, and CH, contents of the syngas in the par-
titioned fluidized-bed gasifier slightly increased and the CO and CO, contents slightly decreased, compared with the single-
bed gasifier. In order to verify the model, ten cases of the single-bed gasification experiment have been simulated. The con-
tents of CO, CO,, CH, in the syngas from the simulation corresponded with the experimental data while those of H, was
slightly higher than experimental data, but the tendency of H, content in the syngas was similar to the experiments. In the
coal conversion, the simulation results were higher than the experiments since equilibrium model was used for the gasifi-
cation so that the residence time and contact time in the model is different from the experiments.
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Fig. 1. The concept of the proposed partitioned fluidized-bed gas-
ifier (GGas: Gasified-gas).
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Table 1. The proximate and ultimate analysis of the Roto coal

Proximate Analysis Ultimate Analysis

Moisture 2.16 C 68.54
Fixed Carbon 514 H 4.6
Volatile Matter 39.97 N 1.46
Ash 6.47 O 18.66
S 0.27
HHYV (kcal/kg) 6150
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Fig. 2. The pyrolysis results of correlation model and experiments of the Roto coal. (a) Pyrolysis gas yield in relation to the pyrolysis temper-
atures. (b) Pyrolysis gas concentration in relation to the pyrolysis temperatures.
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Fig. 3. Simulation flowsheet of the partitioned fluidized-bed gasifier.
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Table 2. Operating conditions and reactor size of the partitioned fluidized

Table 3. The simulation results of the single-bed gasification

gasifer Item Unit Values
Conditions Values Temperature °C 950
Pressure (atm) 1~6 Pressure atm 30
Temperature (°C) 800~900 wet-basis dry-basis
0,/C Ratio (-) 0.6~0.8 Volume Flow Nm*h 86.25 78.00
Reactor size Composition Vol.%
- Gasifier 18 cm (w) x 9 cm (d) H,0 9.60% -
- Combustor 6 cm (w) x 9 cm (d) N, 0.60% 0.60%
- Height 150 cm (h) H, 28.40% 31.40%
Coal particle size <1.0mm Cco 47.60% 52.70%
Bed material river sands Co, 11.00% 12.20%
CH, 2.70% 3.00%
H,S 0.10% 0.10%
0.7 86
06 184 Table 4. The simulation results of the partitioned fluidized-bed gas-
< ification
051 18 2 Item Unit Values
9 § Temperature °C 950
S 04r 180 3
o E Pressure atm 30
[ w . .
g 03l 178 wet-basis dry-basis
g Volume Flow Nm’/h 77.92 70.36
02 17° 8 Composition Vol.%
—O— Cold Gas Efficiency [%] H,O 9.70% —
0.1 f —4— 0,/C mole ratio 174 2 :
—+— H,0/C mole ratio Nz 0.60% 0.66%
00 . . . . : 7 H, 36.80% 40.75%
0 2 4 6 8 10 12 co 40.50% 44.85%
Iteration CO, 7.40% 8.20%
Fig. 4. The optimization results of the single-bed gasification. CH, 4.90% 5.43%
H,S 0.10% 0.11%
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Table 5. The experimental lists of the single-bed gasification

Experimental ~ Coal feeding rate Reactor Reactor pressure
lists (kg/h) temperature (°C) (atm)
No. 1 74 791 1.8
No. 2 12.0 788 1.8
No. 3 10.0 908 2.0
No. 4 10.0 907 3.0
No. 5 15.0 931 3.0
No. 6 10.0 912 2.0
No. 7 15.0 903 2.0
No. 8 15.0 913 2.0
No.9 15.0 922 3.0
No. 10 15.0 895 5.0
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