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Abstract—Experimental Studies of a 1 Ton/Day coal slurry feed type oxygen blown, entrained flow gasifier have
been performed with the slurry concentration and gasifier temperature at 65% and abo¥@, te3p@ctively. The
characteristics of ash fusion temperature with addition of CaO as a flux were investigated to maintain the proper slag
tapping condition in the range of reaction temperature. As the flux addition increased, ash fusion temperature showed
a eutectic effect with the eutectic at around 20-30% CaO. In order to analyze the gasification characteristics, the effects
of O,/coal feed ratio on the product gas composition, heating value, gasifier temperature and cold gas efficiency were
evaluated. From the results, it was shown in the case of Kideco coal that the cold gas efficiency was 44-60% and the
heating value was 1,700-2,200 kcal/\nvhile Drayton coal showed a cold gas efficiency of 55-62% and a heating
value of 1,800-2,200 kcal/Nirin the case of Datong coal, the cold gas efficiency was 38-65%, and the heating value
was 2,000-2,300 kcal/NinAlso, the results showed that the optimal operating condition/cb&Dratio for the three
different coals was 0.9.
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INTRODUCTION conversion efficiency and reduced pollutant emissions. Therefore,
the IGCC technology is now widely regarded as one of the most
Fossil fuels are reliable and abundantly available sources for pripractical next generation technologies of coal utilizing power gen-
mary energy. Although current global proven reserves and produceration technologies that can meet the stringent environmental regu-
tion rates for oil and natural gas are expected to last only 40-50 yeargtions of the mid-21st century [Yun, 1998]. At the moment, some
the coal reserves are substantially larger than gas and oil reservemal gasifiers for electricity generation such as the Texaco, Shell
they account for 75% of fossil fuels and are expected to be usablend Prenflo processes have been constructed and commissioned
for more than 380 years [Park, 2000]. However, coal combustiorfor commercial operation. However, there still exist a number of
results in the emission of gases, such gsi$Q and CQ, causing problems to be solved for the IGCC systems due to the complicated
acid rain and global warming. physical and chemical natures of coal during coal gasification. In
Recently, stringent environmental regulations and pressures havearticular, a key technology needed for successful performance of
been mounted on a global scale for the abatement of environmedGCC systems is the gasification process, which is mainly influ-
tal problems. Therefore, the use of coal for conventional combusenced by coal type. It should consider various physical and chemi-
tion at power plants is confronted by a number of restrictions. Thereal phenomena during gasification, such as coal characteristics, con-
are two ways to achieve efficient and clean coal combustion. Theversion of coal, the heating value of synthesis gases and slagging
first one is to improve existing technologies, including burning coal behavior, etc. Therefore, a number of advanced countries have al-
briquettes and flue gas clean up, and the second is to use new coneady concentrated research efforts to develop coal gasification tech-
bustion technologies, including Circulation Fluidized Bed Combus- nologies for IGCC.
tion (CFBC), Pressurized Fluidized Bed Combustion Combined Cy- The slurry feed type entrained-flow coal gasifier has been care-
cle (PFBC-CC), Integrated Gasification Combined Cycle (IGCC), fully studied at the Korea Institute of Energy Research (KIER) [Lee,
Partial Gasification Combined Cycle (PGCC), etc. [Yang, 1979;1996; Park, 1999]. This study was implemented to investigate the
Lee, 1997; Li, 1998]. complicated nature of coal characteristics and establish the optimal
Integrated Gasification Combined Cycle (IGCC) power genera-operating condition by using the 1 Ton/Day bench-scale, entrained-
tion systems have many advantages over conventional pulverizediow coal gasifier in KIER.
coal combustors [Lee, 1999]. These advantages include high energy
EXPERIMENTAL
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*Presented at the IhtSymp. on Chem. Eng. (Cheju, Feb. 8-10, 2001), Alschemati(.: diggram of the slurry' feed type entrained-flow gas-
dedicated to Prof. H. S. Chun on the occasion of his retirement fromifier is shown in Fig. 1. The coal gasifier consists of three sections:

Korea University. the main burner and the auxiliary LPG preheating burner at the top,
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Fig. 1. Schematic flow diagram of 1 T/D slurry feed type entrained-flow coal gasifier.

the reaction zone in the center, and the slag quenching part at tlend can be easily shut down.

bottom. The reactor consists of three 30 cm sections and one 70 c&h Experimental Conditions

section, each with a 20 cm i.d. For the coal feeding system, coal The coals used in the experiments were Kideco from Indonesia,
slurry (58-65%, w./w.) is fed into a high pressure reaction vesseDrayton from Australia and Datong from China. The analysis of
lined with high density alumina castable. The coal is coarsely crush-

ed and then wet-ground with slurry water in a two stage vibratin ) )

mill to a particle size of less than 200 mesh. The resultant coal slur%ab le 1. Analysis of experimental coals

is pumped by screw pump and atomized with oxygen through a Coal source Kideco Drayton Datong
single burner mounted on the top of the gasifier. In this burner ar- p.qyimate Moisture 18.23 575 10.62
rangement, the highest temperature was detected near the top ofypajysis V.M 3899 31.27 27.74
the reactor. (Wt%) Ash 228 1173 7.95

The water in the coal slurry provides the necessary steam for the
gasification reactions, where the reaction occurs at 1,200°C600
The temperature is controlled by variation of the oxygen/carbon

F.C 4049 5121 53.69
H.V (Kcallkg, HHV) 5,776 6,435 7,020

ratio, and the steam evaporated from the coal slurry and is main-Ultimate c 59.62 7193 750
tained at a sufficiently high level to melt the minerals in the coal analysis H 6.19 4.94 4.48
into a slag. The temperatures of the reaction gas and the reactor wall (Wt%, daf) N 0.94 1.57 1.03
were monitored by using an R-type thermocouple and 12 K-type S 0.12 0.61 0.84

thermocouples placed in the reactor wall, respectively. In the gas-

fiier, coal react§ with oxy gen anq steam evaporated from the COai’able 2. Analysis of ash composition and fusion temperature
slurry and partially oxidizes at high temperature, and is converted

to multi-component syngas, such as CQ@®, and CH. The gas- Kideco Drayton  Datong
ifier is designed to sustain up to 25 kgignessure and is lined with ~ Ash composition  SiO,  32.58 54.02 51.52
high alumina castable to maintain its high temperature at G800 (wt%) CaO 4.11 4.35 1.59
Also a cooling coil is inserted between the castable and the reactor AlLO, 27.49 34.04 21.02
vessel to prevent the reactor shell from over-heating. Coal ash melts FeO, 21.23 4.26 21.58
and makes slag, which flows down along the gasifier inside wall. TiO, 0.68 0.58 0.83
The syngas and molten slag are cooled by quenching water at the Na,0 0.24 021 0.43
bottom of the reactor before leaving the gasifier. The quenching K,O 0.87 0.45 091
water level is controlled by the feedback control system. The ash MgO 1.85 032 0.54
in the syngas is removed at the syngas scrubber, which further cools SO, 230 1.99 0.37

the syngas, and is then analyzed and burned at the flare stack. After—
cooling the syngas, the slag is discharged through the lock hopperFUsion temperature IDT 1,265 1,260 1,223

The coal gasification system was designed by considering safety (€ ST 1,295 1,580 1,257
aspects and can withstand high pressure and high temperature. The HT 1,325 1,590 1,313
process control systems of the gasifier integrate with each other FT 1405 1,600 1328
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Table 3. Experimental conditions for the entrained-flow gasifier 6000
Parameters Gasification conditions - gidec"
5000 - —o— Drayton
Coal slurry Coal conc. (wt.%) 65 . ~© Datong
Viscosity (cP) 450-1,520 4000 -
Temperature°C) 25 %
2
Feed rate (kg/hr) 58-83 2 3000 - °
Coal feed rate (kg/hr) 25-50 S oot
Oxygen Q/coal ratio (wt/wt) 0.6-1.2 o.
Temperature®C) 25 1000 ™~ - g o o
Reactor temperaturéQ) 1,300-1,550C To—— o —3[>
0 T T T T T d
Reactor pressure (atm) 0-5 0.0 0.1 02 03 0.4 05 06

Amount of CWM1002(wt.%)

. . ) Fig. 3. Variation of coal slurry viscosity with the surfactant con-
coal and ash composition and fusion temperature are shown in Table™  centration.

1 and Table 2, respectively. Before the injection of coal slurry into
the gasifier, the gasifier was preheated to the reaction temperature
(1,200-1,300C) by using an LPG preheating burner. The experi- surfactant. However, as shown in Fig. 3, the viscosities of each coal
mental conditions in this study are shown in Table 3. with 0.3% CWM1002 are maintained below 1,500 cP.
2. Slag Characteristics
The ash fusion temperature of coal is one of the most important
considerations for the design of a gasifier as well as the operation
1. Coal Slurry Viscosity because the melting characteristics of ash and slag viscosity have
Coal slurry viscosity is one of the important factors in the slurry an effect on slag tapping at the temperature of entrained flow coal
feed type gasifier. If the slurry concentration is too low, the reac-gasification. The mineral matters in the ash from the coal mainly
tion temperature inside the gasifier will be decreased, which causesonsist of AJO,, SiO,, K,O, MgO, CaO, F©;, etc., and the fusion
the carbon conversion to decrease. Therefore, it is important to maitemperatures of the ash were mainly influenced by the aluminum-
tain high slurry concentration, but this is difficult due to high vis- silicate complex. In order to predict the slag characteristics, many
cosity of coal slurry. The coal slurry characteristics should be conslag indices have been developed by analyzing mineral matters in
sidered in order to prepare high concentration coal-water slurry whileoal ash such as base/acid ratio, silica ratio, ash fusion temperature,
maintaining low viscosity and ideal rheological properties. In the T, [Ikura, 1991]. As the drop in slag melting point is caused by
experiments, a surfactant (Formaldehyde condensate of sodium e basic oxide flux, CaO is selected as the best additive in order to
phthalene sulfonate) was added in the preparation of the coal slurngduce ash fusion temperatures. Fig. 4 indicates that the experimen-
in order to reduce viscosity as well as to enhance rheological praal results with Datong coal obtain a minimum ash fusion tempera-
perties of coal slurry [Kim, 1984, 1987]. The slurry viscosities of ture when flux agent of 20-30% (CaO base) is added to the coal
coals used in the experiments as a function of coal and surfactant
concentrations are shown in Fig. 2 and 3. The Fig. 2 indicates the

EXPERIMENTAL RESULTS AND DISCUSSION

the viscosities of Drayton and Datong coals are too high withou 2,000
| | __'21—_ _%_T_ 'Ir _ir_ Estimated Temp. 1
6000
1.800 |-
Non-flux composition
5000 - - - /
¢ Kideco 6
5 B < reof
4000 + o
— =]
3 &
= [0]
% 3000 - g' 1,400
@
2
2000 4
1,200 |
1000
1’000 1 i I . [ L
0 ; ; . ; ; ; ; 0 10 20 30 40 50 60
48 50 52 54 56 58 60 62 64 CaO Content (wt.%,ash basis)
Coal slurry concentration(% . . . .
y %) Fig. 4. Measured ash fusion temperature and predicted value in

Ca0-SiO-AlL O, phase diagram as CaO addition (Datong
Coal).

Fig. 2. Variation of coal slurry viscosity with the coal concentra-
tion.
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slurry. Thereafter, ash melting temperatures are gradually increase 80
at CaO concentration over 30%.
3. Gasification Results o
When coal slurry is injected into a high-temperature gasifier, a 40 1
series of physical and chemical processes will occur in the coal ga
ifier. The particles are quickly heated and the moisture is evapo
rated, then the volatile matter is devolatilized and the char is burne
or gasified. At the same time, the gaseous products from the co:
particles will be fired or react with other species according to the
surrounding environment and their intrinsic kinetics mechanism. 0 e
Physical and chemical processes in coal gasification are similar t 07 0.8 0.9 1.0 11 1.2
processes in coal combustion [Smoot, 1993]. One of the main prc Oyicoal ratio
cesses is still coal combustion, i.e., exothermic heterogeneous rea
tion of carbon from coal with oxygen to produce carbon monoxide 60

and carbon dioxide as shown in reaction 1 and 2.
A
40 %

C+0,—>CO, 1)
20 | Q%\G\Q\e

20

Gas composition(%)

(a) Kideco coal

C+1/20—CO 2

The char-steam gasification reaction (Reaction 3) and char-CQ
reaction (Reaction 4) are endothermic and must rely on the he:
from the exothermic combustion reactions.

Gas composition{%)

C+H,0—CO+H, ?3) . .
C+CQ%2CO (4) 0.7 0.8 09 1.0 11

Oy/coal ratio

The heterogeneous reaction of carbon with hydrogen (Reactiol

. . (b) Drayton coal
5) is exothermic and produces methane. Y

60

C+2H,—CH, (5)

In addition to the heterogeneous reactions above, three exothe
mic homogeneous reactions, combustion of carbon monoxide an
hydrogen and water-gas shift reaction (Reactions 6, 7 and 8, respe
tively), are also important.

40 A

20 -

Gas composition(%)

CO+1/2Q—CO, (6)

H,+1/20,—H,0 )

CO+HO—CO,+H, (8) 07 o0& 08 10 14 12 13

Oy/coal ratio

In this study, the @toal ratio was changed in order to analyze (c) Datong coal

the effects of @coal ratio on syngas output, heating value, temper-
ature change of the gasifier and cold gas efficiency. During gasifiFig. 5. Gas composition changes with respect to the,/@al ratio
cation, the slurry concentration and gasifier temperature were main- (A:CO,[1: CO, O:H,and<>: CH,).

tained at 65% and about 1,5@) respectively.

In general, when the coal slurry feeding rate is constant, if thed.9. However, syngas (CO ang) leoncentration for each coals de-
O,/coal ratio increases and then the reaction temperature is higlereases gradually as thgdDal ratio increases and is about 45-75%.
reaction 4 becomes active and consumesf@@ reaction 1. This  Fig. 6. shows the change of heating value of the three different coals
causes C@Qconcentration in the product gas to decrease. Howevemith respect to @Coal ratio. As shown in this figure, the heating
if O,/coal ratio is very high and,Qupply is in excess, G@on- value decreases when thgdOal ratio increases. The obtained heat-
centration increases very rapidly and the reaction is mostly undeing value of Datong coal is the highest and varies from 1,500-2,300
combustion. In the case of the Texaco gasification pilot plant usingkcal/Nn. This figure indicates also that the optimal operating condi-
lllinois coal, CQ concentration decreases g&@al ratio increases,  tion of QJ/coal ratio is about 0.9. The effect of@al ratio on the
becomes minimum atf@oal ratio of 0.8 and then increases very gasifier temperature is presented in Fig. 7, which shows that the
rapidly [Wen, 1979]. The effect of ©oal ratio on the gas compo- gasifier temperature increases as thlecd ratio increases. This
sition of Kideco, Drayton and Datong coals is presented in Fig. 5can be explained by the carbon conversion. The increasea@lO
As shown in this figure, the G@oncentration of Kideco and Dray- ratio favors the exothermic reactions 1 and 2, which causes the re-
ton coals increases when thgoOal ratio is above 0.8, while GO  activity of coals to be high and leads to a higher carbon conversion
concentration of Datong coal is at a minimum at/adal ratio of and gasifier temperature. The ash fusion temperatures of Kideco,
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Fig. 6. Heating value changes with respect to the,©oal ratio (O:
Kideco, A : Drayton and <>: Datong).
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Fig. 7. Gasifier temperature changes with respect to the fQoal
ratio (O: Kideco, A : Drayton and <: Datong).
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Fig. 8. Cold gas efficiency changes with respect to the/al ratio
(O: Kideco, A: Drayton and <: Datong).

Drayton and Datong coals in Table 2 are 1°@)0L,600C and

ratio is shown in Fig. 8. The cold gas efficiency decreases when
the Q/coal ratio increases and is about 45-65%. And the maximum
cold gas efficiencies are obtained near gondal ratio of 0.9.

CONCLUSION

From the experimental gasification of Kideco and Drayton coals
in the entrained flow coal gasifier, the following conclusions were
obtained:

1. 0.3 wt% of CWM1002 added in the preparation of coal slurry
reduced viscosity and enhanced rheological properties of the coal
slurry.

2. The variation of ash fusion temperature with addition of CaO
as a flux was investigated to maintain the slag tapping condition at
the reaction temperature in the entrained flow coal gasifier. As flux
addition increased, ash fusion temperature decreased to a minimum
value of around 20-30% CaO and then increased.

3. For gasification, the slurry concentrations and gasifier temper-
ature were maintained at 65% and above EG0fespectively. In
order to analyze the gasification characteristics, the effectg of O
coal ratio on product gas composition, heating value, gasifier tem-
perature and cold gas efficiency were plotted. As a result of the ex-
periments, it was shown in the case of Kideco coal that the cold
gas efficiency was 44-60%, 50-65% for syngas and that the heat-
ing value was 1,700-2,200 kcal/Rirwhile the results for Drayton
coal showed that the cold gas efficiency of 55-62%, 60-72% for
syngas, and a heating value of 1,800-2,200 kcdl/Nnthe case
of Datong coal, the cold gas efficiency was 38-65%, 50-79% for
syngas and the heating value was 2,000-2,300 kcal/Nm

4. The optimal operating condition of/al ratio was obtained
at near 0.9. Datong coal had a higher reactivity compared with the
two other coals.
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