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Abstract — The slag viscosity is an important factor determining the operation temperature of entrained flow type of
gasifiers. The temperature of critical viscosity, T,,, for 5 crystalline slags was predicted by empirical models and Fact-
Sage equilibrium calculations, and the validity of each method was tested. Two empirical models were employed: one
using T, from the ash fusion test, and the other using the concentrations of 5 major components. The first model using
T,, over-predicted T,, by 20~100 °C, while the model based on the slag composition under-predicted T, by 80~120 °C.
In the equlibrium calculations, T,, was obtained from the liquidus temperature. When the 4-major component concen-
trations were used in the calculation, the predicted temperatures were higher than the observed. The liquidus tempera-
ture was very sensitive to the concentrations of minor components, and the addition of MgO and Na,O lowered the
liquidus temperature. The results with 4 major and 3 minor components most closely described experimentally observed
T,,. In the case that a chromia refractory was used, it was shown that Cr,0O5 concentration in the slag also needs to be
included for more accurate prediction of T,
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Table 1. Coal slag composition and fusion temperatures

o
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) 7kx3) dideto g AEY ol © F ALY ATS
HAFE 57 &2 Alaska Usibelli, Adaro, Baiduri, Curragh,
Draytongto|th. H % 4ol 78] aE7lsd e 114 7k
23l viEE SY2E ARSIt 7 e ARy, 3}
A, AR A2 E8el B Hof loh7). 2 Sele] At

S8 & AelM AR A AAAAE EAIEH] Table |
o| L}EM%%.
3.7, 0F 2
31, ZEA

T2 53sk= A4 ZA ARks)9] -844E o83t dd
27} g ol g% APACR U & olvhe]. Bl 848
o]-g3F X ElF Sage9} Mcllroy FE-2 AME-31c}.

o (K)=T,+ 111K 0]

o] 2lelAl T,i= ASTM ash fusion test(ASTM D1957-87)°lA]
cone® 2] AlF7} ol RS A8, 712 szo)7t 4 3=0]Q]

USA Australia Indonesia
Coal Usibelli*¢ Drayton® Curragh®® Adaro®® Baiduri®®
Slag Composition
Sio, 3824 60.14 36.67 39.30 3736
AL, 24.54 19.17 22.98 23.75 22.44
Fe, 04 10.02 9.53 11.24 10.13 11.17
CaO 24.03 8.42 26.05 23.44 17.06
Cr,0; - - - - 3.05
710, - - - - 0.81
MgO 2.15 091 2.04 2.15 437
MnO 0.10 0.51 0.10 0.10 0.10
Na,O 0.20 0.41 020 0.31 2.94
K,0 0.72 091 0.72 0.82 0.71
SUM 100 100 100 100 100
Ash Fusion Temperature
LT.(°C) 1162 - 1175 1250 1150
S.T.(°C) 1184 - - - -
H.T.(°C) 1224 - 1300 1290 1250
FT.(°C) 1257 - 1380 1340 1280

Note : “Composition, this study, determined before viscosity measurements
®Composition, this study, determined after viscosity measurements
“Composition, TAE data, average of multiple measurements
dAsh Fusion Temperature, IAE data
°Ash Fusion Temperature, provided by the importer
- Not determined
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Fig. 1. Phase of diagram in Si0,-Al,0;-CaO system and crystallization path.

(a) SiOg-Alng—CaO system

(b) Si0,-Al,0;-FeO system
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Fig. 2. Comparison of crystalline phase formation temperature. ( Factsage equilibrim calculation, B 3-components phase diagram)
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Fig. 3. Viscosity of 5 crystalline coal slags as a function of temperature.
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Table 2. Measured T, and T, , for 5 slags studied.

end

Slag T, (°C) T,,(C) Crystalline phase observed
Alaska Usibelli 1314 1314 anorthite Ca-Si phase

Curragh 1315 1311  anorthite Ca-Fe-Si phase

Drayton* 1298 1268  anorthite

Adaro 1325 1304  anorthite

Baiduri 1326 1323 anorthite Ca-Si phase Al-Ca-Fe-Si phase

*Contains flux(CaCO;), roughly 20% of the coal ash.
**T ,and T, ;; Average of multiple measurements

Table 3. Comparison of T, with the empirical model predictions

T,.(°C), Model Predictions
Slag v
Experimental  Sage and Mcllroy Watt
Alaska Usibelli 1314 1335 1237
Curragh 1315 1411 1214
Drayton 1298 - 1694
Adaro 1325 1401 1208
Baiduri 1326 1361 1209
- T,, data not available.
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Fig. 4. Crystalline phase formation in a Si0,-AlL0;-CaO-Fe,0; system,
predicted by FactSage.
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Fig. 6. Crystalline phase formation in a Si0,-Al,05-Ca0-Fe,0;-MgO
system, predicted by FactSage for Usibelli coal slag.
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Na,O-K,0 system, predicted by FactSage for Usibelli coal slag.
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Fig. 9. Soilid fraction as a function of temperature in a SiO,-ALO5-
Ca0-Fe,05-Mg0-Na,0-K,O system, predicted by FactSage.

40%
. 30%
£
E Slag
£

20%
2
o Anorthite
D
o

10%

\Z FeCr204  —— MgCr20
0% '\h‘"'-.._—?rﬂ“

1000 1100 1200 1300 1400 1500 1600
Temperature ('C)

Fig. 10. Effect of refractory components on crystalline phase formation,
predicted by FactSage for Baiduri coal slag.
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Table 4. Comparison of T, with FactSage predicted liquio™ temperature
51 T, (°C), Liquidus Temperatures
® Expl 4-Major* 4-major+tMg 4-major+Mg+Na+K 4-major+Mg+Na+K~+Cr+Zr
Alaska Usibelli 1314 1417 1374 1352 -

Curragh 1315 1363 1319 1294 -

Drayton 1298 1296 1285 1294 -

Adaro 1325 1424 1380 1353 -

Baiduri 1326 1450 1362 1257 1266™

*4-major components: SiO,-Al,0;-CaO-Fe,0;

**first non-Cr and non-Zr phase formation temperature.
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