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Use of the oxide database in modelling of
multi-component slag viscosities
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Introduction JJUL'CH

Fuel Oxygen

NS

Slag w
>1400°C layer Composition @ Temperature

| Slag tap
I Syngas
Quench e T 5 T oplE
water . -
<1000°C7
Pressure
Slag and quench

water discharge

Marc A. Duchesne: Slagging in entrained-flow gasifiers, 2012.
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The idea of current viscosity model
‘ Comp. & Temp.
‘Associate species Gibbs energy
‘ and viscosity-
on acommaon

‘ Structure structural base

. 2

‘ Viscosity
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Viscosity model <) JULICH

— Arrhenius model (modified)

Si-Al-based ternary
Inn = In Njgear + 1N Nexcess associate species

%{Z X; - Inn;) + (In nself_po}—F In Ninter— —pol. )}/

where: Inn; = A; + B; /T Sl based associate species

lrlnself—pol. = Z(A *j,Si02+ B *j,SiOZ/T) ' (anSiOZ) \]
. . o Probability
lnT]inter—pol. — Z( A x+B k/T) "(Xk X kSioz)/

— System: SiO,-Al,0,-Ca0O-MgO-Na,O-K,O

— 34 different associate species

— Data source: SciGlass database and FactSage references
— Data search: 62 subsystems with 32 subsystems available
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ldeal viscosity part

SiO,-Al,0,-Ca0 System

A jOLICH

FORSCHUNGSZENTRUM

o
N
Ll

©
N
1

o 0.8

80T Xsi0,=0-300
2 0.7 o
ﬁ ] T=2100"C
5 0.6 AL,

o J—SiO

g . 2

< 0.54—SiA O,

b} }

6 0.4 CaSiof

'§ =——2=Ca,;S0,

£ 0.3 1—CaALO,

a f—casiALO,

-

@

N

©

€

o

pz4

————

0.0

—ft . r - Tr - 1t 1 * 1 * T © 1 ° 1T
00 01 02 03 04 05 06 07 08 09 10

k“ ? . Casio;

.?g‘.'.

04.07.2013

XAI203/(A|203+CaO), Mol fraction

— Associate species model

IS employed to predict the
slag structure, which can
be presented by the
relative concentrations of
each associate species.

In r]idealzz Xi ' (Ai+ Bi/T)
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Excess viscosity part 1: self-polymerlzanon)FJOREC’H!:G!&RUHM

of SIO,
s .'% S: Si0,

S,+5,=S,
= Adds  [SSS
S,+S,.,=S,

Double \/
chain
structure Self'pOI .
Inn self-pol. =
K | v =
\ 4

k * n.
Y(A jsiozt B jsio2/T) - (X7 ,)
v &°
L. Wang: Doctoral thesis, KTH, 2009.
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Binary system S10,-CaO or MgO <) JULICH

18
1 ——1600°C SiO_-Ca0
16 1 . 2
{=—1700"C
144 1800°C

124 = 1600°C
104 * 1700°C
e 1800°C

In(n,Pa-s)

6

0.0 01 02 03 04 05 06 0.7 0.8 09 1.0

XSiOZ, mol fraction

In(n,Pa-s)

'6-'|'|'|'|'|'|'|'|'|'
0.0 0.1 02 03 04 05 06 0.7 0.8 09 1.0

Xsm, mol fraction
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Binary system SiO,-Na,O or K,O #) J0LICH
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] ——900°C 900°C
3541 —— 1000°C 1000°C

Si0,-Na,0

In(n,Pa-s)

0.0 | 011 | 012 | 0f3 ' 0?4 | Of5 | Of6 | 017 | 018 | 019 | 1.0

In(n,Pa-s)

XSioz, mol fraction

Na,SiO, V.S. Na,O

00 01 02 03 04 05 06 07 08 09 1.0

Xsm, mol fraction
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Binary system SiO,-Al,O, <) JULICH

In(n,Pa-s)

{ ——Si0,-AL,0, T=2000°C

44

0.0 0.1 02 03 04 05 06 0.7 0.8 09 1.0

Xsm, mol fraction

In(n,Pa-s)

00 01 02 03 04 05 06 0.7 0.8 09 1.0

0
Xsm, mol%
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Comparison of SiO,-based binary systemsJFORSCHUNGSW
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Xsm, mol fraction
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Ternary system Si0,-Ca0O-Na,O <) JULICH

14 (6)

1317 e Si0,-Ca0-Na,0
J- - - 1300°C X..,=0.75

12 1—--1400°C s

11‘_ m 1100°C
104 * 1200°C

1 ® 1300°C
9‘_ A 1400°C
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o 12
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Binary system Al,O,;-CaO or Na,O <) JULICH

2
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| 1800°C
= 1600°C
0- o
* 1700°C

{——1400°C Al,0,-Na,0

84 ——1600°C
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6_—170000
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; £ 24

XA|203, mol fraction =

.
-6 -
-8-
-10

00 01 02 03 04 05 06 07 08 09 1.0

XAlm, mol fraction

04.07.2013 Guixuan Wu 13



Compensation effect of Al,O,
| | | |

A jOLICH

FORSCHUNGSZENTRUM

@) @) @) O . O
| | | SR
—0—S8/—0—8I—0—+1/2RO+1/2AL0,+—0—/-{ O~ AI—O-L §—O—
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Excess viscosity part 2: |nter-polymer|zat|o14JORSL?H!:G!&RUHM

of SIO,
A Silica z S: SiOz, A: A1203, N: NazO

AN,S, + S, = A,N,S,

p  Single /J.M/ AlN]_Sl + SZ == AlN].S?)
f st(r::;:‘re ......

AN S+ 5,1 =ANS,

}

Inter-pol.

Double
chain
structure

b /. ‘\ '5§ / | );,\ Iy j : : i
& lrIT]inter—pol. —
% * n
1 Y(A +B /T (X - X *gi0,)
Framework
< \ A % % &°
4

L. Wang: Doctoral thesis, KTH, 2009.
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Ternary system Si0,-Al,0,-CaO or Na,O <) JULICH

10 | ——1400°c SiO,-AlLO,-Ca0
84 ——1600°C X 0,067
| ——2000°C
6 - .
b n
4 - w

In(n,Pa-s)
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16
2 14 1 ——1200°C SiO,-ALO,-Na,0
) | ——1400°C X 0,=0-67

4t+—"T—TT T T T T 1
0.0 01 0.2 03 04 05 06 0.7 08 0.9 1.0
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In(n,Pa-s)
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64

00 01 02 03 04 05 06 0.7 0.8 0.9 1.0

XAI203/(A1203+N320)’ mol fraction
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Comparison of SIO,-Al,O5-based ternary
systems

12

111 ——Si0,-A1,0,-Ca0 T=1600°C

10 - - - Si0,-AL,0,-MgO X 0,=0.67

9] ---- Si0,-AL,0,-Na,0

84—~ Si0,A,0KO .—.

7- : .

In(n,Pa-s)

5.

0.0 01 02 03 04 05 06 0.7 0.8 0.9 1.0

XAI203/(AI2O3+Mer)’ mol fraction

Viscosity maximum sequence:

04.07.2013 Guixuan Wu

In(n,Pa-s)
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Case study: viscosity behavior in gasifier

Fuel Ny P Oxygen
Slag
>1400°C layer
| Slag tap
R Syngas
Quench y ,—_’
water
<1000°C”
Slag and quench

water discharge

Marc A. Duchesne: Slagging in entrained-flow gasifiers, 2012.
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Case study: introduction of Ca(OH),

Nr. Of

Components, wt%

sample

Glycol
70%
70%
70%
70%
70%
70%
70%
70%
70%
70%
70%

© 00 N O O B WODN

=
— O

Wood charcoal
25%
25%
25%
25%
25%
25%
25%
25%
25%
25%
25%

Straw ash Ca(OH),

5.0%
4.9%
4.8%
4.6%
4.4%
4.2%
4.0%
3.5%
3.0%
2.9%
2.0%

0.0%
0.1%
0.2%
0.4%
0.6%
0.8%
1.0%
1.5%
2.0%
2.9%
3.0%
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Case study: calculated viscosity

log,, n, Pa.s
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—2.5%
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log,, n, Pa.s
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Case study: the optimum charge of Ca(OH)] =

2000
1| —=— Melting temperature|
1800 - —"
1600 -
© 1400+ y 6 — 2200
= / { [l Calculated viscosity at temperatures i
4 ™ 5_. . [o)
1200 ——— | with superheat of 50°C L 2000
] gm—m 4 4 —m— Melting temperature -
] 1 - 1800
1000—/ i
N |
) - 1600
B0t it i
0.0 0.5 1.0 15 2.0 2.5 3.0 1400 0
o
Ca(OH),, wt% [ o
L 1000
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-4 1 I I 1 I 1 1 I I 1 I 600
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Ca(OH),, wt%
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Introduction of new components FeO and < e
Fe,O,

— System: SiO,-Al,0,-Ca0O-MgO-Na,0O-K,0-FeO-Fe,0,

— 49 different associate species

— Data source: SciGlass database (version 7.2)

— Data search: 254 subsystems with 114 subsystems
available

04.07.2013 Guixuan Wu 22
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Thank you very much for your attention!



