#) JOLICH

FORSCHUNGSZENTRUM

Mitglied der Helmholtz-Gemeinschaft

Modelling viscosity of molten oxides (HotVeGas Part Il)

30.06.2016 Guixuan Wu', Elena Yazhenskikh!, Klaus Hack?, and Michael Muller!

1 [EK-2, Forschungszentrum Jilich GmbH, Germany
2 GTT Technologies, Herzogenrath, Germany

GTT Annual Users' Meeting 2016




Outline 4) )0LicH

‘ Introduction & motivation

‘ Dependence of viscosity

‘ Viscosity modelling

‘ Outlook

30.06.2016 GTT Annual Users' Meeting 2016 2




Introduction & motivation #) )0LICH

FORSCHUNGSZENTRUM

Entrained-flow slagging gasifiers
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Viscosity: Internal fluid friction Multicomponent oxide melts
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Idea of modelling #) 0LICH

FORSCHUNGSZENTRUM

g 1= Si0,~Ca0
- S J \\ e
Thermodynamic database | & 0o] °. " Fucd R
‘, £ 08+ b !
g v 4
. . 8 071—Sio,, 1 | |
Associate species 8  {_-_caor i b
« 064 i, '
v oy
S 0.54F-—-Ca,Si
- £ _IIIII!\ g
Structural units £ 041 Y 2\
‘b 5 0.3 4 4 Bk
E 0.2_' ;'f ..‘ :,' \
Determination of Viscosity | £ ,:] 7 \; o
contribution L A Y S
00 01 02 03 04 05 06 07 08 09 10

mole fraction SiO,/(Si0,+Ca0)

Bond

energ
AG* Ordering Entropy
n:Aexp(ﬁ AG=AH —-T-AS

AG* = ZXi cAG*; + AG* iy AG = ZXi PAG; + Alpyx

ldz(AG " mix) P1T: ldz(cAl)G(;nix)]PT_G RT

dx?

30.06.2016 GTT Annual Users' Meeting 2016 5



Viscosity model #) JULICH
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Partial pressure of oxygen
(for FeO/Fe,O5-containing systems)

Modified Arrhenius model
Inn = InNjgear + In Nexcess

= (2 X Inn;) + (In Nself—pol. T In T]inter—pol.)

where: Inn; = A; + B;/T — basic structural units
lnT]self—pol. = Z(Aj,SiOZ + Bj,SiOz/T) . (anSiOz)
n
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Feedback to thermodynamic database
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FeO,-containing sytems
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Parameters for FeO,-containing systems #) JULICH

FORSCHUNGSZENTRUM

Predicted theoretical viscosity and activation
energy for viscous flow
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FeO,-containing systems
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partial pressure of oxygen: P02=1.0x10'1°
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Shift of the viscosity maximum #) JULICH
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Associate species employed for P,0O;-

containing systems
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Pure oxide P,0O;
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P,0;-containing binary systems

In(n_,.Pa-s)
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P,0;-containing binary systems
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P,0;-containing higher order systems

In(n,,, ,Pa-s)
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» Describing challenging viscosity behaviors

* The local viscosity maximum around fayalite
compound in the binary system SiO,-FeO,

* The shift of the viscosity peak in the ternary system
SiOz'AI203'Na20
» Performing MD simulations to obtain the structural
information

» Accessing the model parameters for P,0O-containing
systems

» Developing a stand-alone software to calculate viscosity

» Extending the model from fully molten slags to partly
crystallized slags

30.06.2016 GTT Annual Users' Meeting 2016 18



#) JOLICH

FORSCHUNGSZENTRUM

Helmholtz-Gemeinschaft

—

9
o
e
2
=)
=
=

Thank you very much for your attention!




