Software for Calculating
Viscosities of Molten Oxides

Dmitry Saulov and Klaus Hack

GTT Technologies

GTT-Technologies' 11th Annual Workshop
Herzogenrath, Germany, June 3-5, 2009




#@Motivation

#Urbain-type viscosity models
#aSoftware capabilities up to date

dFurther Development

Qr



GTT-Technologies

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

a8 to predict phase equilibrium for coal mineral matter at
operational conditions

a to predict slag viscosity
# to assist in development of coal blending and fluxing

strategies
&
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Urbain viscosity equation _ ATeXp(lO(;OB

“Compensation Law”

J

(Theoretically derived) —InA=mB+n
“Family” of liquids m n
Network oxides (SiO,, GeO,) 0.154 13.24
lonic liquids (Slags) 0.2981 11.15
Liquid metals 0.2188 12.612
Liquid salts 0.7232 12.405
H-bounded liquids (H,O, methanol, etc.) |2.429 11.396

Qr
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S i 02-A|203-C30-Mg O

10003)

n=AT exp( InA=—-(0.2812B+11.8279)

B=B,+B Xg, +B,X}, +B,X]

SiO, SiO,

B, =13.8 +39.9355 — 44.049”

B, =30.481—-117.1505a +129.9978c”
B, =—40.9429 +234.0486 —300.04”
B, =60.7619 —153.9276x +211.1616>

XCaO +XMgO +XF€O +XNa20 +XK20 +2XT1'02
XCaO + XMgO + XFeO + XNa20 + XK20 +2XTi02 + XA1203

a =

Qr
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SiOz'AI203'CaO' ‘ FeO,

n=AT exp(logij

Separate B-values for different modifiers

Compositional dependence of the parameter min
“Compensation Law” m=m X , +m X . +m X, +m X

n ma mc mr ms
9.322 1 0.370 | 0.587 | 0.665 | 0.212

XMod

B, =b’+ba+b’a’, where d =
XMod + XAmf

Qr
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SiOz'AI203'CaO', FeO,

J

B:ibi0X§+ ; i b’ X +b," X ]( Xe+ Xy
— e X.+X, X +X, \ X . +X,+X,
jli 0 1 2 3
po 0 13.31 36.98 17770 | 190.03
b;, 1 5.50 96.20 11794 | -219.56
’ 2 4.68 81.60 | -109.80 196.00
B 1 34.30 14364 | 36894 | -254.85
’ 2 45.63 12096 | -210.28 121.20
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1 al (77n )calc - (7771 )GXP
2

N n=I (77 n )exp
System Kalmanovich | Kondratiev

& Frank & Jak

Si0, 99.9 19.1
AlLO5-S10, 41.5 30.1
CaO-Si0, 24.3 10.9
‘FeO’-S10, 717.6 8.1
Al,O5-Ca0O-S10, 24.6 31.2
CaO-‘FeO’-Si10, 594.4 9.9
AlLO;-CaO-FeO’-S10, 169.6 29.2




77L(1 RV /

First approximation:
rigid spheres of various sizes
- R=1;: n=2.5

Applicability range: 0 < V. < 0.3



New interacliive solware.
Vier( ale
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Based on the theoretical background outlined
above a new interactive software has been
developed.

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

The equilibrium calculations are performed
using GTT's own Programmer‘s Library

Qlemiy
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File  Settings
V::::IE: b Liquidus Solidus
Values: ;_ﬁ;1;0.1 Ebﬂ-a;n.‘l ) _
Calculations completed Calculate l [ Plot l
Conditions Ash blend
_ Temperature Amount in blend Dxide Amounts in ash [moles]
. 1500] (€] | Imoles] | 5ip2 | az03 | Cal | Fe203 | Fel
lptalpresaures Ash1 |a [1 0 0 0 0
1] fetd Ash2 b o E 0 0 o
il Ash3 tab o o E E =
| reo2) - | | | | | | .
Id a b Temperature Slagl_Vizcozity Slag2_Vizcoszity Solidz_wolume_frac Slumy_Vizcosity
11 o 1 |1500 | May | Maty 1 | Man
12 oA lo [1500 [hah | M 1 | Man
.13 lD.'I lIZI.1 l'ISEID .0.540844242388... :NaN lD.291 77676830, l1.5181 93219493,
[14 oA loz [1500 |0 492598461458 .. | Nan o | han
.15 lD.1 lD.SDDDDDDDDDDD... l'ISEID .D.??9?85890825... :NaN lD :NaN
16 R loa [1500 [ hiaht | Mk |1 E
17 0. los [1500 st :NaN 1 :NaN
18 01 |06o0000000000... | 1500 5413687486817 .. | Mall |06e5705843430... | 130 2186309137,
13 0. |0.700000000000... | 1500 1207838530155, :NaN |0.716520174643... | 303 3294000080,
20 A lIZI.B :1500 .13.?5?28?05925... | Makd lD.?3I3523449149... | 3655517760974,
|21 0. log [1500 [hiahy :NaN 1 :NaN
.22 a2 lIZI j'ISEID .NaN | Makd l1 | Mard
|23 oz o1 1500 |0 6e3pE2865920... :NaN |0.2613936069989... |1 458216180965,
24 0.2 o2 [1500 1 3s4241012756 . | Man o | hand
|25 oz |0.300000000000... | 1500 [haahy :NaN |1 :NaN
|25 |02 o4 [1500 | asoosTeatens . MaN |0.455054347471 | 31 84113116558,
.2? lD.2 jIZI.S j'ISEID i8.41358?451 245, iNaN jD.341 272E22176... l23.8902?002924. 3
R : A TR T e SRR SR
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VisCalc

File  Settings
Yarables
— Ligquidus Solidus
Hame: !a | |k | | ] Lig -
Values: EIZI;1;EI.1 | iD;1-a;III.1 | | | |
Calculations completed Calculate | | Plot |
Conditions Ash blend
Temperature . Amount in blend Oxide Amounts in ash [moles]
| 1500 [moles] | 5i02 . AIZD3 | CaD | Fe203 | FeO
T e F P e - ook - :
| 5 i Ash2 b 0 T I o 0
Oxygen potential Ash3 1-ab 0 0 K 0 0
| 021| Po2) s = =
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0
0
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0
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0
0
0
0
0z
nz
nz
nz
nz
nz

b

.1

0

.III.‘I
nz
. 0.300000000000...
_III.4

0.3

0.600000000000...
0.700000000000...
0.5

0.9
]

.IZI.“I
n.z
. 0.300000000000...
0.4

0.3

T emperature
1500

1500

1500
1500
1300

1300

1300
1300
1300

1500

1500
1500
1:300

1300

1300
13500
1300

Slagl_“izcosity

Mah

Mak

. 0640544242385 ...

0492595461485
. 0.7797 36690625,
:NaN

Mak

. 8413667486817 ..
.12.9?8355301 85
.13.?5?28?’05925...
:NaN

Mak

0.633652665920...
1.334241 012736,

T

B.9580257391524...
d.41 3667461546

PR Tt oy

Slag? Wizcoszity
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Makd

Mak

Mz

Mk

Mak

Mak

Mak

MalM

Mak
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Mak

Mk

ek
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Solids_wolume_frac Sy Wizcosity

1

1

0.29177TET368580...
1]

1]

1

1

0B637035434353. ..
0.7163201 74643, ..
0.730623445149...
1

1

0.261393605339. ..
1]

1

0433034347471 ...
03127262176

A AT e e

Mak
Mak

1513193219493,
Mak

Mt

Mk

Mak

130.2136309137.
303.3294309053.
365.5517VE097 4.

Mak
Mak

1.455216150966.
Maf
:NaN
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e e e
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Blend composition [melar fractions]

Fe203 Fel Na20
1] 1] 1]

Results
Variables Phases at Equilibrium
:{g_f 3.000e-01} {b = 5.000e-01} ?.D;Tndl-‘-m#-t Feldspar W Al203 Cal
s Slag-liguicd# r
TIC] P [atm] P(02) 03 05 0z
Casooo|| 1o | za0em < '
Slag Properties
Temperature | Viscosity Slag Composition [molar fractions]
[€] [poise] 5i02 Al203 CaD Fe203 FeD
Slag1 135000 2067+ 0.39507 0.295 0.30693 0 0
Slag 2 15000 - =lag 2 is not formed at these conditions!
Liquidus [1774.0 2.698e+00 0.3 ns 0.2 0 0
Solidus .1445.5 -2.3323+D1 .D.3?459 -IZI.EEHIIEIE -D.34445 .IZI .IZI
£
Comments:
View Table Previous || Next

The valume fraction of zolids iz above the
applicability range for Roscoe's eguation

Volume fraction Viscosity of
of solids slurry
0.5457 1.486e+02 |

- Primary phase
{Corundum#
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Plot Settings

Froperty 'l Ve Sernez MName

Liguidus_temperature Fl Fl fLiquidu&_temperature

Liguidus_Vizcosity Fi _ ]
Soliduz_Temperature ] _ Soldus_Temperature
Solidus Wizcoszity ' i '

|~ |

Plot Title | Liguidus and Solidus ve Composition

X-Aocis Title | Silica mole fraction

Y1-Axis Title |Liquiduz

¥Y2-Axiz Title Soldus

Dizplay Plot
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Plot

Liquidus Temperature and Slag Viscosity vs Composition
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* New viscosity models (Avramov)

* Plotting capabilities (Ternary diagrams)
* Bulk calculations (Imported tables)

¢ ?

Qr
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average

Avramov 1= ,
ame Z/Xiﬁx —E/RT) jump frequency
Concentrations of SU_ Constant Actlvatlon energies of SU

>

Arrhenius 7=, exd)_X.E/RT)

average
activation energy

Qr
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The system Na,O-SiO,, 1200°C

log(Viscosity/Pa*s)

12

10

oo
\

0.5
X(Si02)




