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The IGCC technology (Integrated Gasification Combined Cycle) based Coal 

power plants:

Å a high efficiency (ca. 45% currently, >50% in 5 years, >55% in 12 years);

Å an opportunity for effective CO2 capture and storage;

Introduction & motivation1

Å the core of an 

IGCC power plant 

is the gasifier.

Source: R.W. Breault, Energies, 3 (2010) 216-240.
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Introduction & motivation1

The majority of the successful coal gasification processes developed after 1950 are 

performed by entrained-flow slagging gasifiers, such as GE Energy Gasifier.

Source: R.W. Breault, Energies, 3 (2010) 216-240.
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Introduction & motivation1

Single phase slag systems

Temperature-

related models

Temperature & Composition-

related models

Non-structure 

based models

Structure based 

models

Arrhenius model Shaw model
Zhang-Jahanshahi

model

Vogel-Fulcher-

Tammann model
Lakatos model Reddy model

Adam-Gibbs 

model
Urbain model Iida model

Eyring model Riboud model KTH model

Weymann-

Frenkel model

Kalmanovitch-

Frank model
Avramov model

Bockris-Reddy 

model
Hurst model

Quasi-chemical 

viscosity model

AM model
Kondratiev-Jak

model
FactSage model

Å Applicable in a limited

range of temperatures

and compositions;

ÅMany mathematical

fitting model parameters;

Å Non self-consistent 

prediction;

Å Lack of an effective 

description of slag 

structure.
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Dependence of viscosity2

CaO, mol % Structural features of the system CaO-SiO2

XCaOÒ12
3-dimentional network in 

the form of [SinO3n]
-2n

12<XCaOÒ33
Anion complexes in the 

form of [Sin·rOn·(2r+1) ]-2n

33<XCaOÒ50
Ring structure in the form

of [SinO3n]
-2n

50<XCaOÒ67
Chain structure in the 

form of [SinO3n+1]
-2(n+1)

67<XCaOÒ75
Chain structure and 

monomer [SiO4]
4- and O2-

XCaO>75
monomer [SiO4]

4- and O2- Source: K. C. Mills, Slag atlas, 1995 , pp. 359.



n1=6 and n2=109

(SiO2)6 and (SiO2)109
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Modelling3

ἴἶἱ Ἃἱ ϳἌἱἢ

Gibbs energy

Associate species

Building structural units

nSiO2 (SiO2)n

Determination of 

viscosity contribution

ἴἶ Вἦἱɇἴἶἱ

Associate species model



Modified Arrhenius model

ÌÎʂ ÌÎʂ ÌÎʂ

(В8ɇÌÎʂ) ÌÎʂ Ȣ ÌÎʂ Ȣ

where: ÌÎʂ ! ϳ" 4

ÌÎʂ Ȣ В!ȟ ϳ"ȟ 4ɇ8
Î
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Modelling3

Comp.

Temp.
Associate

species
Structure Viscosity

Partial pressure of oxygen

(for FeO/Fe2O3 containing system)

basic structural units

В ! ϳ" 4ɇ8

ÌÎʂ Ȣ В ! ϳ" 4ɇ(8 ɇ8 )  
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System
No. of data 

points

Range of 

viscosities, Pa·s
Ў

SiO2ïAl2O3 73 0.03ï537.76 0.122

SiO2ïMgO 56 0.002ï0.59 0.135

Al2O3ïCaO 136 0.05ï1.30 0.175

SiO2ïCaOïMgO 426 0.03ï3.85 0.130

SiO2ïNa2OïK2O 48 7.59ï2951.21 0.208

SiO2ïAl2O3ïCaO 1717 0.03ï1995.26 0.281

SiO2ïAl2O3ïMgO 357 0.04ï94.17 0.217

SiO2ïAl2O3ïK2O 33 1.02ï6165.95 0.263

SiO2ïAl2O3ïCaOïMgO 1253 0.09ï83.10 0.250

SiO2ïAl2O3ïNa2OïK2O 45 15.49ï79432.82 0.212

SiO2ïCaOïMgOïNa2OïK2O 29 10.00ï23442.29 0.312

SiO2ïAl2O3ïCaOïMgOïNa2OïK2O 43 10.72ï1412.54 0.320

Ў В Ȣ Ȣ

Ȣ
ÅEvaluation formula: 
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Modelling3

n1=6 and n2=109

(SiO2)6 and (SiO2)109
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Modelling3


