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MotivationMotivation

Behaviour of mineral matter is an important issue in coal 
utilisation processes

Slag viscosity is of particular importance for high temperature 
entrained flow gasifiers

Coal blending and fluxing are commonly used to maximise 
resource utilisation

The software is aimed 

to predict phase equilibrium for coal mineral matter at 
operational conditions

to predict slag viscosity

to assist in development of coal blending and fluxing 
strategies
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UrbainUrbain FormalismFormalism

Urbain viscosity equation

“Compensation Law”
(Theoretically derived)

“Family” of liquids m n

Network oxides (SiO2, GeO2) 0.154 13.24

Ionic liquids (Slags) 0.2981 11.15

Liquid metals 0.2188 12.612

Liquid salts 0.7232 12.405

H-bounded liquids (H2O, methanol, etc.) 2.4296 11.396
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KalmanovichKalmanovich & Frank& Frank
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KondratievKondratiev & & JakJak

SiO2-Al2O3-CaO- ‘FeO’
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Separate B-values for different modifiers

Compositional dependence of the parameter m in 
“Compensation Law”
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KondratievKondratiev & & JakJak

SiO2-Al2O3-CaO-’FeO’
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Comparison of the ModelsComparison of the Models

System
Kalmanovich

& Frank

Kondratiev

& Jak

SiO2 99.9 19.1

Al2O3-SiO2 41.5 30.1

CaO-SiO2 24.3 10.9

‘FeO’-SiO2 717.6 8.1

Al2O3-CaO-SiO2 24.6 31.2

CaO-‘FeO’-SiO2 594.4 9.9

Al2O3-CaO-‘FeO’-SiO2 169.6 29.2
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Roscoe's EquationRoscoe's Equation

First approximation:First approximation:

rigid spheres of various sizes 

� R=1;  n= 2.5

Applicability range:Applicability range: 0 < V
s

< 0.3 

model parameters model parameters 

n
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New Interactive Software: New Interactive Software: 
ViscCalcViscCalc

Based on the theoretical background outlined Based on the theoretical background outlined 
above a new interactive software has been above a new interactive software has been 
developed.developed.

It makes use of the viscosity models as It makes use of the viscosity models as 
described and integrates these with described and integrates these with 
thermodynamic equilibrium calculations.thermodynamic equilibrium calculations.

The equilibrium calculations are performed   The equilibrium calculations are performed   
using GTTusing GTT‘‘s own s own ProgrammerProgrammer‘‘s Librarys Library
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Main WindowMain Window
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Main Window (Input)Main Window (Input)
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Main Window (Table)Main Window (Table)
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Main Window (Row)Main Window (Row)
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Axes SelectionAxes Selection
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PlottingPlotting
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DemonstrationDemonstration
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Further DevelopmentFurther Development

• New viscosity models (Avramov)

• Plotting capabilities (Ternary diagrams)

• Bulk calculations (Imported tables)

• ?
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AvramovAvramov vsvs ArrheniusArrhenius
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AvramovAvramov vsvs ArrheniusArrhenius
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