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Motivation

• The influence of operating temperature on mineral species;

• Determination of whether these species are recoverable/leachable

from the ash or lost/captured in the slag;

• The influence of gasification temperature on the slagging behaviour of

coal samples with different characteristics;

• The influence of potassium on slagging behaviour when present in

high concentrations within the coal;

• The influence of a specific potassium compound on the slagging

behaviour when added to the coal in different percentages.



FactSage Model of UCG Gasifier
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FactSage Model of FBDB Gasifier
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Coal samples

Coal sample Coal Rank Base/Acid Ratio Acidity

KFS2U Medium Volatile Bituminous Coal 0.05 18.4

L#2 Lignite Coal 0.34 2.95

MD High Volatile Bituminous Coal 0.33 2.91

WFS1 Medium Volatile Bituminous Coal 0.16 6.31



Characterization Results

KFS2U

KFS2U + 

10%K L#2 L#2 + 10%K MD MD + 10%K WFS1
WFS1 + 

10%K

Proximate 

analysis

Moisture 

content
3.3 2.7 18.0 26.2 3.7 2.9 4.0 3.8

Ash content 28.3 35.0 20.5 26.1 28.5 36.0 22.4 30.7

Volatile

content
18.2 20.5 30.5 24.3 21.2 23.9 21.9 23.0

Fixed carbon 50.2 41.8 31.0 23.4 46.5 37.2 51.7 42.5

Ultimate 

analysis

% C 56.4 47.8 43.3 32.8 53.7 45.6 59.1 50.6

% H 2.9 2.4 3.2 2.5 2.6 2.3 3.1 2.7

% N 1.2 1.2 0.7 0.6 1.3 1.2 1.4 1.2

% O 7.4 10.6 13.3 11.2 8.9 11.3 8.9 10.4

% S 0.5 0.3 1.0 0.5 1.3 0.8 1.1 0.8



KFS2U
KFS2U + 

10%K
L#2 L#2 + 10%K MD MD + 10%K WFS1

WFS1 + 

10%K

XRF

Al2O3 28.46 19.42 15.07 9.22 25.18 17.82 25.89 16.50

CaO 1.51 1.00 9.13 5.05 13.02 8.94 5.07 3.37

Cr2O3 0.12 0.02 0.03 nd 0.03 nd 0.03 0.02

Fe2O3 2.00 1.18 5.16 3.06 5.64 3.73 5.54 3.53

K2O 0.69 29.79 2.06 38.78 1.11 27.61 0.43 31.82

MgO 0.78 0.52 3.52 2.02 3.15 2.18 1.81 1.20

MnO 0.03 0.03 0.05 0.03 0.07 0.05 0.05 0.04

Na2O Nd 0.17 2.94 1.88 nd 0.15 nd 0.27

P2O5 0.07 0.04 0.10 0.07 0.26 0.19 0.10 0.14

SiO2 63.17 43.17 52.16 31.66 41.60 29.70 55.15 34.17

TiO2 1.52 1.05 0.80 0.47 1.79 1.27 1.34 0.84

V2O5 0.02 0.02 0.02 0.02 0.02 0.02 0.03 0.03

ZrO2 0.09 0.06 0.03 0.02 0.08 0.05 0.06 0.04

BaO 0.02 nd 0.56 0.33 0.15 0.11 0.08 0.07

SrO 0.02 0.01 0.25 0.14 0.27 0.19 0.07 0.08

SO3 1.48 3.53 8.10 7.24 7.62 7.99 4.33 7.89



Drying, Devolatilization and Gasification

Zone 1
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Si+Al:Ca ratio

Low Ca-content coal (1.1%)

Medium Ca-content coal (6.5%)

High Ca-content coal (29.0%)

79.7 12.9 2.75 1.3
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Combustion and Ash

Zone 2



Cooling process in combustion zone
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Cooling process in combustion zone
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Cooling process in combustion zone
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Cooling process in combustion zone
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Cooling process in combustion zone

Results



Gasification science – mineral 

transformation and ash behaviour



Direction of gasification

What next on UCG simulations?



Geophysical study
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Approach from Batenburg (Delft)



Conclusions

• Percentage K added according to ash percentage:
• Similar trend for all the percentage simulations for a coal sample;

• Behavior dependent on the coal composition; 

i.e. KFS2U = ↑ in slag formation with ↑ % K 

L#2 = ↓ in slag formation with ↑ % K 

MD = ↓ in slag formation with ↑ % K 

Slag formation temperatures does not vary much due to small 

increase in % K.

• High concentrations (10%) K added to the coal:
• High percentage slag formed,

• Lower slag formation temperatures.

• Concentrations (1 & 5%) K added to the coal:
• Different slag percentages, dependent on coal mineral composition,

• Lower slag formation temperatures.



Conclusions

• Mineral transformation and slag formation is 

depended on the operating temperatures;

• Lower operating temperatures may produce mineral 

species, which will be leachable from the ash;

• Lower temperatures indicate higher percentage of solid 

mineral species present that at temperatures > 1000°C.

• The mineral composition and acid/base ratio for the 

different coal types influences the slag formation 

temperatures and mineral transformation.
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