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The GTOX database contains the assessment of the
Al,O;-Al,S;-CaF,-Ca0-CaS-CaS0,-CrO-Cr,05-CrS-FeO-Fe ,0,-FeS-
K,0O-K,S-K,S0O,-Na,0-Na,S-Na,SO,-MgO-MgS-MgSO ,-MnO-Mn ,O,-
MnS-P,0.-SIO,-TiO,-ZnO system

2.0 3.0 9.0 10.0 11.0 12.0

2010 2011 2014 2015 2015 2017

Binary systems 24 26 89 109 116 130

Ternary systems 11 34 75 80 97 110
Quaternaries : 5 6 6 6 7

Slag components 48 50 113 132 151 166
Components 9 9 19 25 27 28

Solid solution phases 32 41 68 75 85 104

Stoichiometric phases 112 145 291 339 543 661

Total pages 157 281 648 706 850 920
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The associate species were described in the same way in similar systems in order to
provide a handle for the use in multi-component systems. The composition of
the associate species are as introduced by Spear taking two moles of cations per

aSSOCIateS' stem System Associate species
! Me-O Cr-0 Cr, Cr,0,, Cr,0, Cr,0, —
IIA AIZO3_ K: CaO-MeZO3 Ca0-Al,0, CaAl,0,
CaO-Cr,0, CaCr,0,
Nc ArEsr il CaO-Fe,0, CaFe,0,
Fe,0,— K Ca0-Mn,0, CaMn,0,
(:r().|\/|ez()3 CrO-Al,O, CrAl,O,
i F¢  Fe,05— N: Cro-Fe,0, CrFe,0,
v.N . cin CrO-Mn,O0, CrMn,0O, BE
M
In total 166 associate species [
Ci-
MgO-Mno0-Sio, FeO-Me,0, FeO-Al,0; FeAl,O,
FeO-Cr,0; FeCr,0,
FeO-Mn,0, FeMn,O0,

Qr
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T(C)
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Spinel (Al*3,Cr*2,Cr*3,Fe*?,Fe*3,Mg*?, Ti*4, Mn*2,Zn*2)(Al*3,Ca*?,Cr*3,Fe*?,Fe*3,Mg+?,
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Phosphates and Sulphates are double oxides

¥ bar G’actSage’"

T E T E T T T
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a‘CazsiO4,

modelled before | 600
with solubility for 1420°

CrO and MgO

(Ca?*,Cr*,Mg?*), 1200}

(Si*)(0%),

Isopleth section Ca ,S10,-Ca;P,0q4

I I I I

I
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W. Fix, H. Heymann, and R. Heinke, <J.
Am. Ceram. Soc., 52 [6] 346-347 (1969).
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The following description was suggested for the pha se

C2S-C3P: (Ca?*,Cr2*,Mg?*),(Ca?*,Va),(P5*,Si**), (02),

CagSiD4 = Cagpgog
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W. Fix, H. Heymann, and R. Heinke, <J.
Am. Ceram. Soc., 52 [6] 346-347 (1969).

R. W. Nurse, J. H. Welch, W. H. Gutt,
J. Chem. Soc.,1077-1083 (1959).
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pyPEh

400
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MnS -FeS -Fe
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Cas -Mgs Cas-Mns

1 bar Lactiy 1 bar Lactiy
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MnS cF8 Fm 3m B1 NaCl
1600 Oldhamite 4
1400 | ]
1200 . L L L
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MnO - MnS - Si0, ns
e . 2 soilds co-sat.
Projection (Slag), 1atm t;’a:tﬁage" o Sio,Ms
o -l \? A Si0,-MnSiO,
. o [\ ): after Woo eral.’ MnSiO,-Mn,SiO,
MnSniny = 1182.23 °c, Timax) = 2334.23°C 1 R S
. TC 80 —‘ \ % % Mn,SiO,-MnS
& 300 A\ & Mn,Si0-MnO
G IR X Mn,Si0,"B"
" 2200 oH @ + MnO-"B"
“ \ \ ";Eu: 1256+3) A Mn;SiOg"A"
| 20 ANE'S O MnO-"A"
80 I \\ 7 O MnS-"A"
2000 TN @ MnO-MnS
1200
1600
1 §
| 1400
q ¥
1200

sio, ]/ 40 30 20 10 MnO
' MnSiO;  Mn,SiO, mass%

D.-H. Woo and H.-G. Lee, J. Am. Ceram. Soc.,

'. 93 [7], (2010 . 2008-2106.
Mno 3 ( )’ pp

percent by welght

8MnO-MnS-3Si0O, stoichiometric modelled by GTT
25MnO-MnS-9SiO, stoichiometric modelled by GTT
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A|203 - Cao - F9203 - 02
1330°C, p(0,) = 0.21 atm

Al,O,

Cement making

A1,0,

+F
Jk

i \
a0 = .
C,F 80 cF BOCF, CFy  Fey0,

W1 %

R.R. Dayal, F.P. Glasser, Sci. Ceram., Vol. 3,
Edited by G.H. Stewart, Academic Press,
New York, (1967), pp.191-214.

80 70 E:) 5\:) CZk 38 20
percent by weight



Cement making
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AlLO, - CaO - SiO,

Projection (Slag), 1 bar G’actSage’"
Si Oymin) = 1191.28 °C, T(max) = 2898.82°C
' "TC

2800
I 2700
2450

2200

1850

cao Wt %

W.H. Gutt, A.D. Russel, J. Mater. Sci.,
1450 12 ][9], (1977), pp.1869-1878.

1700

19 #1200

K,SO, also
Incorporated !
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Composition of hard coal ashes

Columbia South Afr. Russia USA

Inclusion of TiIO, 2 See T. Jantzen
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VerSi project: Melting behaviour of different Hard Coals
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Slagging: and Fouling

VerSi project: Melting behaviour of hard coal SKC
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90
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40
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| Quartz LT
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CORDIERIT
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1000 1200
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Low € imsteet:/:

2 Cr+ 3 CO(g)

—

Lanw effMlasssACtionn:

log a. = 1/3 log H(T))
+ 213 log ac,

- 13 log & ¢ 03

+log Peo

Qr

Stainless:steel-making

Cao = Cr203 = Si02 = 02
Projection (Slag), p(0O,) = 0.21 atm

Sio,

Slag#2

thtSage‘"

A

“: 2_5 <
al,us) o

08 07 0.6 05

b O
mass fraréﬁ?fn 1

Cr,0,
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FeO -P,0,-CaO -Fe
Fe/(FeO+P,0,+Ca0) (g/g) =0.0001, 1600°C, 1 at: {7actSage’

P,0;

[Trémel, 1959]
[Turkodogan, 1967]

CaO, [Tromel, 1962]
Ca0+Ca4P;0q, [Tromel, 19
[Knuppel, 1959]
[Nagabayashi, 1988]

BofDePhos project
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BofDePhos project

Steel dephosphorisation

The L, between molten iron and the slag along the CaO saturatiol

LFactsage

 (— —

35 [

Log|% P in slag/% P in Fe)

e —————— e . T
B 1600°C, [Nagabayashi,1988]
A 1650°C, [Nagabayashi,1988]
¢ 1700°C, [Shirota, 1985]

wt% FeO in slag




Flelds ol /Apphcatioon: Steel dephosphorisation

GTT-Technologies

BofDePhos project

Relationship between [%P] in liquid Fe and (FeO) in slag

LFactsag'

1 I 1 1 1 1

[Peter et al., 1956, 1600°C]
[Kruppel et al., 1959, 1600°C]
[Tromel et al., 1957, 1600°C]

[Tromel etal., 1961]
1550°C
1600°C
1650°C

[Nagabayashi et al., 1988]
1550°C
1600°C
1650°C

weigt percent P

—

1

weight percent FeO

70
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[Ca], wt ppm

Avoiding-nozzle clogging

Fe-Ca-O-Al-S

[S] = 50 wt ppm, [Al] = 0.04 wt% = 400 wt ppm, T = 1600°C

50 T T T T T T I
20 L Slag + Liquid + Oldhamite I ) d i
Liquid + Oldhamite g ]
- & & &

30 &S ® -
®

20

d
ag + Liquid + C1

10 L Slag + Liquid ]

2 + Liquid + CaAl,,0,(s)
W . Liguid + CORUNDUM + CaAl, O .(s) .
10 20 30 40 50 60

[O], wt ppm




Slag fluxing
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A|203 = Cao = CaF2
1600°C, 1 atm Liactsag
CaF,

CaF,

e [Zhmoidin, Chatterjee, 198t
o [Ries, Schwerdifeger, 1980]

Addition of CaF , (Fluorspar)
decreases melting temp. of
slag.

Fluorspar furthermore

decreases viscosity of the
slags.

Qr

mole fraction
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Conclusions

GTOX now covers 28 components in 104 sol. + 661 comp.
phases

The liquid phase was evaluated using the associate species
model (X, lig. constituents - x; liquid species)

Solids have been treated either as stoichiometric ( X, G=G(T)
only) or with a multi-sublattice approach (Y, G=G(T, yji ).

Fields of application ranging from coal combustion and
gasification over cement making and metallurgy to s pecial cases
such as recycling of spent car catalysists

Direct link to modelling of slag viscosities available
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Inclusion of Cu into oxide database -
together with Me-S database start into a
Cu-metallurgy database

DuSol-project - production of fertilizers using
solar energy

Adding salts such as alkali-sulphates to oxide
database - more practical relevance for bio-
mass combustion applications




Thankss fosryeuuatiéirtrdinon

GTT-Technologies

‘}httﬁage"




