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Viscosity of Coal Slags under Gasification Conditions
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" Abstract — In the entrained flow gasifiers, the slag viscosity is an important parameter determining the
operation conditions. The slag viscosities of 9 coals, which were selected and tested as possible gasification
feedstock in Korea, were measured in a high temperature slag viscometer under gasification conditions. The
type and size of crystalline phases that were known to affect the slag viscosity behavior were also deter-
mined. The slag samples were obtained from the IEA dry-feed gasifier. The slags of Alaska Usibelli, Cur-
ragh, Kideco, Adaro, Denisovsky, Baiduri and Drayton coals showed the behavior of crystalline slags, while
those of Datong and Cypurus glassy slags. When a recommended minimum operating temperature was arbi-
trarily defined as Tjuxpic+50°C for glassy slags and T.+50°C for crystalline slags, the Drayton slag required
the lowest temperature, while Denisovsky slag required the highest. All the slags contained Cr,O; from the
refractory. The crystalline slags with T,, at around 1320°C contained large anorthites as the major crystalline
phase that would have caused the rapid inrease in viscosity. Denisovsky slag contained many pores which
were formed by O, from Fe,O reduction.
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Table 1. Coal slag composition (wt%).
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A2 FAIE}] Table 19 YeRAIEE Table 19 AR
Aol 181 FH" Meds](ash) AE A9 Yol
}2}. Draytongte] 3% fluxE AMSIS7) dliel] CaO

US.A. Australia China Indonesia Russia
Oxide Alaska usibelli* Cypurus® Drayton® Curragh® Datong® Kideco® Adaro’ Baiduri® Denisovsky®

AlLO, 24.0 18.4 18.9 22.5 17.60 23.0 232 22.1 30.5
Si0, 374 51.9 59.3 359 50.89 383 384 3638 49.3
Fe,0, 9.8 6.3 9.4 11.0 12.16 8.1 9.9 11.0 9.1
TiO, 1.1 0.7 1.0 1.1 0.72 1.0 4.0 09 1.0
MnO 0.1 0.2 0.5 0.1 0.00 .01 0.1 0.1 0.2
CaO 23.5 8.5 8.3 25.5 7.87 229 22.9 16.8 5.6
MgO 2.1 1.9 0.9 2.0 1.14 2.4 2.1 4.3 1.7
K0 0.7 0.9 0.9 0.7 1.29 1.1 0.8 0.7 1.7
Na,O 0.2 0.8 04 0.2 0.59 0.6 0.3 29 0.5
P,0; 1.1 0.2 0.5 1.2 0.21 0.5 1.1 0.7 0.4
Cr,0, n.d. 4.4 n.d. n.d. n.d. n.d. n.d. 3.0 n.d.
ZrO, n.d. 0.4 n.d. n.d. n.d. n.d. nd. 0.8 n.d
Total 100 94.7 100 100 92.5 100 100 100 100

Note : “This study, determined before viscosity measurements.

IAE data, average of multiple measurements (Ref. 13).
‘Coal Ash data (IAE).

“This study, determined after viscosity measurements.

n.d. Not determined.
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Fig. 1. Viscometer cell design and dimensions.
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: Lindberg blue /M furnace

. Control Box

: Temperature controller (Eurotherm programmable 4p)
: B-type thermocouple

 Alumina support plate

: Nitrogen gas inlet tube

: Heating elements

: Alumina cap

11 : Mullite tube

© o T U R W N

[
o

Fig. 2. Schematic of high temperature slag viscometer.
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Fig. 5. Viscosities of 9 coal slags as a function of temperature at the coeling rate of 2°C/min.
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Table 2. Recommended minimum gasification tem-
perature for each slag from IAE.

Recommended minimum

Slags Slag type operation temperature (°C)
Alaska usibelli C 1364
Curragh C 1365
Drayton* C 1348
Kideco G 1371
Datong G 1465
Cypurus G 1475
Adaro C 1375
Denisovsky G 1534
Baiduri C 1376

*Contains flux (CaCO,), roughly 20% of the coal ash.
C-Crystalline slag : T,+50°C.
G-Glassy slag : T\up0s+50°C.
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Fig. 7. XRD pattern of Alaska Usibelli slag after

viscosity measurement.
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Fig. 6. SEM micrographs of Alaska Usibelli slag after viscosity measurements,
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Fig. 8. SEM micrograph of Curragh slag after vis-
cosity measurements.
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Fig. 9. SEM micrographs of Drayton slag : (a) Raw sample from IAE and (b), (c) Slag after viscosity exper-

iment.
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Fig. 10. SEM micrographs of Datong slag : (a) Raw sample from IAE and (c)-(e) Slag after viscosity mea-

surements.
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Fig. 11. SEM micrographs of Adaro slag after vis
cosity measurements.

(b) Bottom

(d) The layer of Cr-rich part

Fig. 12. SEM micrographs of Baiduri slag after viscosity measurements.
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