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Modelling Viscosity of Molten Oxides (HotVeGas)

02.07.2015 Guixuan Wu

GTT Annual Users' Meeting 2015



Outline

0 Introduction & motivation

e Dependence of viscosity

e Application of the model

e Conclusion & outlook

02.07.2015 GTT Annual Users' Meeting 2015

RRRRRRRRRRRRRRRR



0 Introduction & motivation
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The IGCC technology (Integrated Gasification Combined Cycle) based Coal

power plants:

A ahigh efficiency (ca. 45% currently, >50% in 5 years, >55% in 12 years);

A an opportunity for effective CO, capture and storage;

A the core of an
IGCC power plant
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The majority of the successful coal gasification processes developed after 1950 are
performed by entrained-flow slagging gasifiers, such as GE Energy Gasifier.
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o Introduction & motivation

Single phase slag systems

Temperature-
related models

Temperature & Composition-
related models

Non-structure
based models

Structure based
models
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A Applicable in a limited
range of temperatures
and compositions;

A Many mathematical
fitting model parameters;

A Non self-consistent
prediction;

A Lack of an effective
description of slag
structure.



e Dependence of viscosity

CaO, mol %

Structural features of the system CaO-SiO,

XcaoO 1 2

3-dimentional network in
the form of [Si,O5,] %"
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Anion complexes in the
form Of [Sin-ron-(2r+1) ]-2n
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Ring structure in the form

o [Si, 03] 2"
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7Chain structure in the
form of [Si O, ,]2"Y
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Chain structure and
monomer [SiO,]* and O*

Xcao™ 15

monomer [SiO,]* and O*
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e Modelling

Gibbs energy

Associate species model

Associate species

NSi0,<—> (Si0,),

Building structural units

Determination of
viscosity contribution
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e Modelling o JULICH
> _Cl_tomp. >> Asso_ciate>> Structure>> Viscosity>
emp. species

Za

Partial pressure of oxygen
(for FeO/Fe, O, containing system)

Modified Arrhenius model
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e Model performance 0 JULICH

A Evaluation formula: ¥ —B ‘ : - 1
No. of data Range of o

System points viscosities, Pa-s

SiO, i AlL,O, 73 0.031 537.76 0.122
SiO,i MgO 56 0.002i 0.59 0.135
AL,O51 CaOo 136 0.05i 1.30 0.175
SiO,i CaOi MgO 426 0.03i 3.85 0.130
SiO,i Na,O1 K, O 48 7.591 2951.21 0.208
SiO, i AL,O41 CaO 1717 0.031 1995.26 0.281
SiO,1 Al,Ozi MgO 357 0.04194.17 0.217
SiO, i ALO4T K,O 33 1.021 6165.95 0.263
SiO, i AlL,O41 CaOi MgO 1253 0.091 83.10 0.250
SiO,i ALL,O51 Na,Of K,O 45 15.491 79432.82 0.212
SiO,i CaOi MgOi Na,Oi K,0O 29 10.001 23442.29 0.312
SiO, i AL,O51 CaOi MgOi Na,O1 K, O 43 10.721 1412.54 0.320
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