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Abstract — Coal gasification technology is considered as next generation clean coal technology even though it uses
coal as fuel which releases huge amount of greenhouse gas because it has many advantages for carbon capture. Coal or
pet-coke slurry gasification is very attractive technology at present and in the future because of its low construction cost
and flexibility of slurry feeding system in spite of lower efficiency compared to dry feeding technology. In this study, we
carried out gasification experiment using bituminous coal slurry sample by integrating coal slurry feeding facility and
slurry burner into existing dry feeding compact gasifier. Especially, our experiment was conducted under fairly lower
operation temperature than that of existing entrained-bed gasifier, resulting in partial slagging operation mode in which
only part of ash was converted to slag and the rest of ash was released as fly ash. Carbon conversion rate was calculated
from data analysis of collected slag and ash, and then cold gas efficiency, which is the most important indicator of gasifier
performance, was estimated by carbon mass balance method. Fairly high performance considering pilot-scale experiment,
98.5% of carbon conversion and 60.4% of cold gas efficiency, was achieved. In addition, soundness of experimental result
was verified from the comparison with chemical equilibrium composition and energy balance calculations.
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Fig. 1. Block diagram (a) and photos of coal gasification system (b)
used in this study.
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Table 1. Analysis of experimental coal

Analyzing item Value
Total moisture (as received, wt%) 10.50
Inherent moisture (air dry basis, wt%) 3.00

Moisture 41.57
Proximate ana]ysis Volatile matter 20.30
(coal slurry, wt%) Ash 7.39

DFixed carbon 30.74

C 74.60

H 5.67
Ultimate analysis N 2.80
(dry basis, wt%) S 0.45

Yo 3.83

Ash 12.65
Higher heating value (dry basis, kcal/kg) 6,304
Coal slurry viscosity (Pa‘s), @ 25 °C ~02

Initial deformation 1,365/1,160
Ash fusion temperature (°C), Softening 1,402 /1,200
oxidizing/reducing Hemispherical 1,430/ 1,240

Fluid 1,462 /1,300
Dby difference
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Table 2. Analysis data of various samples and calculation of carbon conversion

Sample @ Coal slurry @ Slag at quencher (3 Ash at quencher @ Ash in waste water
Moisture 41.57 1.56 24.93 15.78
Proximate analysis Volatile matter 20.30 1.13 478 243
(as received, wt.%) Ash 7.39 92.86 53.04 78.85
DFixed carbon 30.74 4.45 17.26 2.95
C 74.60 2.43 28.31 9.02
H 5.67 0.14 0.43 0.22
Ultimate analvsis N 2.80 0.05 0.63 0.17
(dry basis, o ) S 0.45 0.01 0.42 0.17
Cl 0.00 0.00 0.00 0.00
oY 3.83 0.00 0.00 0.00
Ash 12.65 97.37 70.22 90.41
Coal slurry feed rate (kg/h) 110 - - -
DTotal supply of carbon in coal (kg) 167.82 - - -
DTotal ash supply (kg) 28.46 - - -
Collected slag and fly ash (kg) - 9.50 1.50 120.08
Unburned carbon (kg) - 0.38 043 1.81
Sum of unburned carbon (kg) - 247
3Carbon conversion (%) - 98.53

Dby-difference.
DSupplied amount during total operation period of 3.5 hours.
3Carbon conversion = (1-unconverted-carbon/carbon-feeding)x100.
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Fig. 5. Historical trends of the syngas composition.
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Table 3. Composition and flow rate of syngas and the calculation of cold gas efficiency

Raw data Experimental result (calculated & calibrated) DEquilibrium calculation
Species Composition 2)ﬂow3 rate . Composition Flow 3rate Composition
(analyzer, vol.%, dry) (Nm’/h) (calibrated, vol.%, dry) (Nm’/h) (vol.%, dry)
CO 38.36 47.98 37.85 50.73 40.34
H, 28.09 35.14 27.72 34.05 27.07
CO, 33.33 41.68 32.88 39.35 31.29
CH, 0.36 0.45 0.35 trace trace
H,S 617 ppm 0.08 610 ppm 0.18 1,450 ppm
COS not measured 0.02 160 ppm
N, not measured 91.44 1.14 1.44 1.14
Sum, dry gas 100.20 126.77 100.00 125.77 100.00
H,0 - 65.24 - 67.12 -
Sum, wet gas - 192.01 - 192.89 -
YCGE 1 - 63.21 - 63.39 -
JCGE 2 - 60.38 - 60.55 -
Residence time, sec 0.849 0.853

Y0, supply for equilibrium calculation is based on the calculated value from carbon balance.

ICalculated value based on the carbon balance method.
ICalculated value based on the nitrogen in the coal.
YCGE : Cold Gas Efficiency.

YCGE 1 : Not considering the energy of CH, via slag tap burner, by Eq. (1).

)CGE 2 : Considering the energy of CH, via slag tap burner as auxiliary fuel, by Eq. (2).
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Table 4. Comparison of energy balance between experimental result and
equilibrium calculation

Item Experiment  Equilibrium
CO "LHV flux, 2% 38.44 40.65
H, LHV flux, % 24.04 23.30
CH, LHV flux, % 1.02 0.00
H,S & COS LHV flux, % 0.11 0.28
ISensible heat of syngas, % 23.89 24.10
3Unburned carbon loss, % 1.46 1.46
ISolid (ash & U.C.) sensible heat loss, % 0.81 0.81
3Heat loss to the wall, % 5.36 5.36
“Radiation to quencher at the exit, % 0.65 0.65
SUnknown loss, % 422 3.39
SUM, % 100.00 100.00

DLHV : Lower Heating Value.

2%, of total thermal input of coal and slag tap CH,,.

calculation.

Dapproximate calculation, because of uncertainty of radiation properties.
by difference, presumed to be the sum of all uncertainties.
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Fig. 7. Comparison of gasifier inner wall. Before experiment (a) and after experiment (b).
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Table 5. Result of XRF analysis for slag and fly ash

7oA

.. @ Slagat quencher (3 Ash atquencher @ Ash in waste
Composition

(Wt%) (Wt%) water (wt%)

Sio, 54.44 56.41 48.61

AL O, 26.26 23.93 22.44

TiO, 0.69 0.69 0.58

P,0s 0.39 0.44 0.21

Fe,0; 3.63 3.85 5.70

CaO 6.32 6.43 10.14

MgO 3.60 3.04 4.09

Na,O 1.76 1.58 5.73

K,0 0.92 1.06 0.97

SO, 0.13 1.11 1.09

CuO - - 0.01

BaO 0.10 0.09 0.19

Cr,0; 1.57 1.16 0.08

MnO 0.04 0.04 0.03

NiO - 0.01 -

SrO 0.07 0.08 0.11

V,05 0.02 0.02 -

ZrO, 0.06 0.05 0.02
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