#) JOLICH

FORSCHUNGSZENTRUM

GTT Annual Users' Meeting 2016, June 29 - July 1

Database development for the
HotVeGas project

Elena Yazhenskikh!, Tatjana Jantzen?, Klaus Hack?, Michael Muller!

=
©
e

L Forschungszentrum Jilich, IEK-2 (Microstructure and properties of materials), Germany

2 GTT-Technologies, Herzogenrath, Germany

Mitglied der Helmholtz-Gemeinsc|




A 0LICH
Contents o J

HOTVEGAS

> Introduction
»Including CO, into the database:
»Oxide systems with CO,
»Salt system Na, K || SO,, CO,
»Mixed salt systems
» Re-assessment of sulphide system Ca-Cr-Fe-Mg-Mn-S
»Ternary systems Me;-Me,-S
»Quasi-ternary systems Me,S-Me,S-Me,S
»Thiospinel in system FeCr,S,-MnCr.,S,
»Conclusions and outlook

haft

Mitglied der Helmholtz-Gemeinsc|

19. Dezember 2016 GTT Annual Workshop, 2016 2



. . . a
Motivation and aim of work JJUL'CH

f Aims:
H OTV E development of a new data base, which is applicable for

Hochtemperaturvergasung und Gasreinigung the slag relevant system containing oxides_ of Si, Al, Na,
K, Ca, Mg, Fe, P, S, Cr etc. and suitable for the
GTT-TECHNOLOGIES calculations and/or predictions of the phase equilibria

O JULICH and other thermodynamic properties by variation of T
FORSCHUNGSZENTRUM @ and Composltion

State of the art:

v’ 2-, 3- and multicomponent systems have been thermodynamically assessed using all available
experimental data

v' phase diagrams and other thermodynamic properties can be calculated with the obtained self-
consistent datasets

Contents Slag atlas (11.0)
Nov 2015
Binary systems 119
: Ternary systems 98
g Quaternaries 6
25 Slag components 149
% Solid solution phases 85
é Stoichiometric compounds 316
g
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Oxide systems with CO, 0 JULICH
Including CO,

FORSCHUNGSZENTRUM

After addition of the new associate species all
systems (binary, ternary etc.) are assessed taking
into account the available experimental information.

e

Oxide systems:
(Me),(0)-CO;

Carbonate systems:
(Mel),,(CO,),-(Me2),(CO,),

Mixed systems:
e.g.(Me1),(COy),-
(Me2),(Si,O

chaft

W

CO, is considered as oxide —
component in the database
(similar to SiO,, SO, etc.)

Mitglied der Helmholtz-Gemeins
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Oxide systems with CO,

1200 T T T T
Liquid
1000
859°
800 \/
¥ 695
L (27%)
600 F 4
479°
B
400 - 4
350°
¥
200 1 1 1 1
o] 20 40 60 80 100
Na,CO, Wt % Na,0

R. Bouaziz and G. Papin, C. R.
Seances Acad. Sci., Ser. C, 266
[21] 1530-1533 (1968).

Slag: new species
Na,CO,
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Binary system Na,O-CO, I

1200
1100
1000 | gas_ideal + Slag Siag +Na.g|s3

900

800 Slag + Na,0(s2)
Slaly + Na,CS(s3)

700 gas_ideal + Na,COL(53) Siag + a0

c
= 600
F Na.CO,(s3) + Na.O(s)

500

a00 | gas_ideal + Na.COL(s2) Na,CO4(s2) + Na:0(s)

300

Na,0
A

200

Na,CO,

gas_ideal + Na,CO,(s) Na,CO4(s) + NazO(s)

100 -
0

s s s s s s
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0.4 0. 0.6
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Preliminary calculation in the system Na,O-CO,

Na,CO, - Na,O

1atm ‘}ctSage“

1400 T T T

@® R.Bouaziz [1968]

1200

»
1000 k . /

lag
[ Slag + Na,O(s2)
800 \
-

o

N—r

|_
600 - Na,COs(s3) + Na,O(s) -
400 + Na,CO5(s2) + Na,O(s) i
200 Na,COs(s) + Na,O(s) _

0 1 1 1 1

0 0.2 0.4 0.6 0.8
Na,O/(Na,CO,+Na,0) (g/9)
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Oxide systems with CO,

1100 T T T T T T

1000

Liguid

|~—MaggSiy05(003)

800 795450

0 20 40 &0 80 100
NayCO; Mol % NaySi0;

B. F. Dmitruk, 1984

Slag: interaction parameter
between Na,CO; and Na,SiO,
New compounds:

1:2 Na,Si0,*2Na,CO,

2:1 2Na,SiO,*Na,CO,4
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Quasi-binary system Na,CO,-Nga,SIO,

Preliminary calculation of the
system Na,SiO,-Na,CO,

Na,SiO, - Na,CO,

1atm Liactsye

1200 T T T T T T T T T T T T T T
points: Dmitruk [1984]
1000 F Slag /
i & ]
800 \/ / _
—
O 600 - |
- Nay,Si;05(COs)(s) + SiNa,O.(s)
S |
Q
400 s - -
~ o} o
[ Na,CO4(s) + NasSiO,(COy)(s) fof &) (2
S S g
200 | o @ .
%) ]
< 2
0 R I R I R I R I R I R I R I R I R I R
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Na,SiO,/(Na,SiO,+Na,CO;) (mol/mol)
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Salt systems

Addition of alkali carbonates
K,S

Na,S

K,SO,

#) )OLICH

FORSCHUNGSZENTRUM

The species in the non-ideal
associate solution containing
CO, are added in order to
describe the liquid phase.

KZCOB Solid solutions were

MgSO

considered using multi-
sublattice model

CaSO, Na,SO, Na,CO,

e, B

‘== Hexagonal phase
T (Ca, K, Mg, Nah(SOE, S7)

0k,

) 10LicH

o In the wpuem NaSO-CaSO, the ¢ MEEmtweasilll
__.»_-,_:;/ p e 30 40230,
= 1. inisad of the wobd solion wam

 [P—

- fomed Ths snpmimest (OTA.

mmmnn N XED)are asaded
y
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Phase

Description

Hexagonal solution, HT:
(Ca2+,ﬁl+,M92+, N_a1+)2($4_12_1 SZ_! @32_)

Intermediate, HT: (K1*, Nal*),(CO,%),

Monoclinic, MT. (K*, Nal*),(CO5%, SO,%),

Monoclinic, based on Na,CO; LT
(Na'*, K),(CO4*)

Solution based on Na,SO,_MT and K,SO,_LT
(Ca2+’ K1+, |\/|92+, m“)z(ﬁgz" 52-’ Cogz-)

Sulphide hexagonal solution based on Alk,S
(K1+’ Na1+)2(§2', So42-)
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Salt systems K250,

Na,O - K,0 - CO,
co,

Na,SO,

W TTTTLLTTwe  Hexagonal phase, HT
(Ca2*, K1+, Mg?+, Nal*, Va),(S0,%, S, CO,2)

Na,CO, - K,CO,
1 atm

Gactin'

* Christmann_1979_DTA

1000 T T T T T T
® Christmann_1979 XRD
A Reisman 1959 DTA & Sergeev[2016] DTA

G, ST &
\e ¥ 2% 8 P
¢ / intermediate + Mokt Nak_C03_LT
_NalK_£03_mt + * . Mono_NalK_CO3_mt +Molt_NaK_C03 LT

200
Mono_NaK_
.
0 ) . “.Nf(_WJ-T'KFO.lﬂ q
0 02 04 06 0.8 1
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Na,CO,/(Na,CO,+K,CO,) (mol/mol)
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Slag: new species
Na,CO5 and K,COq

<A> Na2CO03 + <1-A> K2C03
liquid phase &“sage'

® 905°C, Andersen [1976]
—— Equation, proposed by Andersen [1976]

-450 AH f I d
) mix Of liqui
) (o)
I 5% at 905°C
=
[
0 -850

-1050

-1250

-1450

0 010 020 030 040 050 060 070 080 0.90 1.00
Alpha
<A> Na2CO3 + <1-A> K2CO3
Solid solubility (Na, K),CO,, HT hexagonal GnclSage“
1.00 T T T
points: D. Sergeev [2016]
0.80 |
.
Na,CO,

. 0.80 | K,CO,
S .
b
©

0.40 |

Na,CO,(HEX,) 4 .
0.20 |
4 KCOMHEX:)
0
0.20 0.40 0.60 0.80 1.00

Alpha

Activity in HEXA at 650°C



Salt systems 0 | U LICH
SySte m N aZCO3_ N aZS 04 FORSCHUNGSZENTRUM

<A>Na2CO3 + <1-A> Na2S04

ctlage”
KZSO4 KZCOS 300 . Gacrsy
250
200
‘%’150 AHgge0fliquid
E at 1180°C
a
100
Na,SO, Na,CO,
050 r © estimated, Mukhopadhyay [1994]
Na,CO, - Na,SO, - 0, 0 . . . .
- Ul
p(0O,) =0.21 atm, 1atm &ctSage 0 0.20 0.40 Alpha 0.60 0.80 1.00
1200 g T T T T T T r
® conductance, Gitlesen [1964] @ visual, Semenzova [1959]
v cooling curves, Gitlesen [1964] <A> Na2CO3 + <1-A> Na2S04
1000 A heafing curves, Gilesen [1964] Lfactiag
Slag 1.00 T T T T
0.80 Na,CO, in (HEXA)
=
o
«6 w0l Na,SO, in (HEXA)
&
g
&
'GE" 0.20 + O® exp EMF, Mukhopadhyay [1994]
£ ¥ estimated, Mukhopadhyay [1994]
@
Q
N
5 0 ' ' ' '
'E Na,S0,fs) +Na,CO(s) 0 0.20 0.40 Alpha 0.60 0.80 1.00
© (4] 1 1 L L
5 0 0.2 0.4 06 08 1 o .
s Na,CO,/(Na,CO,+Na,SO,) (moVmol) Activity in HEXA at 800°C
@
2
=
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Salt systems !) JULICH

S t S FORSCHUNGSZENTRUM
<A>K2CO3 + <1-A>K2S04
K2804 K2CO3 &dhge“
200 - 1100°C, var 2, L0=562+8.12T; L1=50
150
©
¥ N
s .l AH,,;, of liquid
a at 1100°C
O delta H for liquid (optimised), Eq. 13, Mukhopadhyay [1993]
Na,SO, Na,CO, osol
choa 2 K2304 x oz & 0 . . . .
P(O,) =0.21 atm, 1atm thtSage 0 0.20 0.40 Alpha 0.60 0.80 1.00
o<'> (iaclTA,lBadohsS:I] I .. DTA,Sellgowme]' l '
1200 =o DTA, Barde [1967] * DSC, Sergeev [2016]
* 42 Levin[191973] Slag
<A> K2CO3 + <1-A>K2S04 ﬁhctSa .
{3
@ exp. data, null EMF at 800°C, Mukhopadhyay [1993]
0.80 |
800 K,SO, in HEXA
g 2‘0.60 r K,CO, in HEXA
600 £
=
E
= 0.40 +
<
3 400
£
[
5 020}
0]
I 200
o
E 0 . . . .
%J 0 . . . . 0 0.20 0.40 Alpha 0.60 0.80 1.00
3 0 0.2 0.4 0.6 0.8 1 Wity i o
3 K,COJ(K,COHK,SO0,) (mol/mol) Activity in HEXA at 800°C
=)
s
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Salt systems 0 JOLICH
Diagonals in system Nal*, K*|| C0O,2, SO,%

K330, K,CO; KZSO41;vaCO3 thtSage’"

0 02 04 06 08 1
K,S0,/(K,SO,+Na,CO,) (mol/mol)

600

()

Calculations based on quasi-
HEXAGONAL + HEXAGONAL#2 binary systems

400

200

0

08 1

0 0.2

0.4 06
Na,S0,/(Na,SO,+K,CO;) (mol/mol)
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Salt systems
Sections in system Nal*, K*[|c0,2%, SO,
= X KoCO, MaSerCogOur-0r o o

"I 800 ‘

200,
(Na.K),(50,.CO,)
%0,
\
Z \
4 \
.
.
5 i 600
7
e
;
,

I I
o 100
Mol gco,

AK Semenzova, Zh. Neorg. Khim., 4 20
[1] 144-147 (1959)

omﬂm;mnsss]

Calculations based on
guasi-binary systems

Na;SO, -

am, 1am .M'

© sazionll, Sererzova[1955]

1000

00 HEXAGONAL + HEXAGONALE2

0 1

Mitglied der Helmholtz-Gemeinschaft

8%.50,0¥0,86,+K, N2, 10, (molimeD)
19 December 2016

GTT Annual Workshop, 2016
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< secion 1. Semezsa ['555]

HEXRGONAL

HEXAGONAL + HEXAGONAL#®2

°£so/aczssf+x.,Na._18'.&) (mollmo%.s 1
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Salt systems O j[]|_|CH
Reciprocal system Nal*, K!*|| C0,%, SO,

K,SO, K,CO,
Na2C03 N K2C0.350.7os7 - 02
p(0,) =0.21atm, 1atm &dsagg“

T T T T

1000

800 Slag + HEXAGO!

A.K. Semenzova, Zh. Neorg. Khim., 4 [1]
144-147 (1959)
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Salt systems

System Nal*, K*|| C0O,2%, SO,%, S

Na,SO,

Mitglied der Helmholtz-Gemeinschaft

19 December 2016

Na,CO,

#) )OLICH
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Hexagonal phase, HT

(Ca2+’ ﬁl-l-’ Mg2+’ M]ﬁ-’ Va)Z(SO42-’ 82-1 ng-)

K,S - K,CO,
1 atm

Liactsoy

A visual, Babcock [1988]

+ Sulphide_hexagonal

Sulphide_hexagonal + HEXAGONAL

Sulphide_hexagonal + Mono_NaK_CO3_mt

Sulphide_hexagonal + K,CO4(s)

0 0.2 0.8 1

04 06
K,S/(K,S+K,CO,) (mol/mol)
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Salt systems O j[]|_|CH
System Na1+’ K1+ ” CO32', 5042', g2- S

K,S

Hexagonal phase, HT

(Ca2+’ £1+’ Mg2+’ MH’ Va)Z(SO42-’ 82-’ ng-)

Na,S - Na,CO, .
1atm Gact&age
T e T ¥ T ¥ T ¥
1200 ¢ HTM, Tegman [1972] = HTM, Raberg [2003] b
< DTA, Tegman [1972] ® HT-XRD, Raberg [2003] .
o d from line, Andi [1982] %0 =

Slag £ DTA, iquidus, Ovechkin [1971]
v DTA, eutectic, Ovechkin [1971]
A DTA, transformations, Ovechkin [1971] "

Na,SO, Na,CO,

200 Na,COs(s) + Na,S{s})

0 0.2 0.8 1

04 06
Na,S/(Na,S+Na,CO,) (mol/mol)
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Sulphide systems
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Development of the sulphide database

(Cr-Mn-S

(Mg-Mn-SJ : D} |
( Cr-Ee-S J quasi-ternary systems

- - r

(o) [me)

LJ
@ (=

binary systems

19. Dezember 2016

Mitglied der Helmholtz-Gemeinschaft

r ( Fe-Mn-S
ternary systems w,

Phase Description
o]LLIETGTIER (Ca, Mg, Mn, Fe,Cr)(S)

ALIHILER (Fe, Mn) (Cr),(S),
Cr;S, (Fe, Cr, Mn) (Cr),(S),

T. Jantzen, K. Hack, E. Yazhenskikh, M. Muller, Evaluation of thermodynamic
data and phase equilibria in the System Ca-Cr-Cu-Fe-Mg-Mn-S; Part I: Binary
and quasi-binary subsystems; Calphad, in Press, Corrected Proof (2016)

GTT Annual Workshop, 2016 17



Sulphide systems !) jlelCH
Isothermal section in Cr-Fe-S

Experimental -457.31 [Kessler76] 1440 [Indosova82]
-566.8 [Petaev82] 207.1 [Petaev82] 1350 [ElGoresy]
-488.4[Osadchij14] 187.53 [Osadchijl14]

Calculated -570.279(FTMisc) 173.587(FTMisc) 1440 (FTMisc)
-586.040[Waldner14] 198.082 [Waldner14] 1071 [Waldner14]
-542.835* 167.883* 1437*

Fe-Cr-$S

600°C 600°C, 1 atm $actsye

Fe

Fig. 7. Phase relations in the Cr-Fe-S system at 600°C, All assemblages are in equilibrium with vapor,

A. El Goresy, G. Kullerud: in Proc. Symp. Meteorite
Res., PM.D. Millman, ed., Reidel, Dordrecht, (1969),
pp. 638-656.

Introduction FeCr,S,

F e - - b pereéenf By Wé:ighf h ” h Cr

Mitglied der Helmholtz-Gemeinschaft
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Sulphide systems !) jlelCH
Isothermal section in Cr-Fe-S

Fe-Cr-S
700°C, 1 atm $actsye

700°C

V3
[T BN [

Fig. 6. Phase relations in the Cr-Fe-S systemat 700°C. All assemblages are in equilibrium with vapor.

A. El Goresy, G. Kullerud: in Proc. Symp. Meteorite

BCC_A?;/ Res., PM.D. Millman, ed., Reidel, Dordrecht, (1969),
AN pP. 638:656.
Y TR
bz 0 B4 2 PYRRASTTE
Fe =+ = = = cr

percenf by We:ghf

Mitglied der Helmholtz-Gemeinschaft
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Sulphide systems
Isothermal section in Cr-Fe-S

Fe-Cr-S
950°C, 1 atm sy

of WG Bmae © at 950, 1090, 1300°C

Fe-Cr-8
1300°C, 1 atm

VAN A

) peréenf By wgfghr )

Cr

& ﬂ‘ oLk = 2
Liquiths B0 4 e f/sécf“%* PYRRHOTHTE

r Ll AL L .,/ Ll LA
: per:':*enf By wéfghr ) N :
GTT Annual Workshop, 2016
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Fe-Cr-$S
1090°C, 1 atm Lfactsye

[Dahi van Viack, 1963]
- “*Metal + Pyrrhotite

ANCy

) peném‘ fmmﬁughr )

Ll LA

10

Cr

20



Sulphide systems 0 jlelCH
Isopleth section at ~50 mol % S in Cr-Fe-S

Fe-Cr-S
S

Cryo0S - Fey S
1 atm {factay

* [Vogel, 1951]

1700

Fe et *PYRRHOTITE + Liquid
1300 BCC A2+ PYRRHOTITE]

T(C)

1100

FCC_A1+ PYRRHOTITE

900

BCC A2+ PYRRHOTITE
700 + —A2 + PYRRHOTITE + PYRRHOTITE#2 |
A2 + PYRRHOTITE + Rt PYRRHOTITE + FeCr,5,(s)
500 o | 1 Foo o (&) Bl gyl S

0 0.2 0.4 0.6 0.8 1
Cry 001 S5/(Cry g S+Fe; 4, S) (2/8)

Mitglied der Helmholtz-Gemeinschaft
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Sulphide systems

Solubility of Fe in Cr,S,

] X | |
Cri._xFa,Crzsd
".w. '1-‘@
T
L »
] - °F (K]
|
800+ I |r 1200
| 3
4 o
two phases :
7004 I+0 | (1000
I
I
! .
’ 1
/! 1t
s001 x5
Ce3S, 02 0.4 06 o8 FeCrySy

FIG. 2

Phase diagram of the system Cr3Sy-FeCrpSs.
C‘ll‘354 type I, spinel type, II, phase transi-
tion temperature given in ref. (1),

O, (4),0, and (5),4,

Mitglied der Helmholtz-Gemeinschaft
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Fe-Cr-S FORSCHUNGSZENTRUM
s

/ ‘\

/ FeCr,8, \“ crs

)

FeS +f e Crs

Fe Cr

mole fraction

(Cr2, Fe™?, Mn*?),(Cr),(S2),

FeCr,S, - Cr;S,

1atm Liactsye

° [Lutz, Koch, 1983]
1000 [~

800

CR3S4 + FeCr,S,(s)

200 -

0 0.2 0.4 0.6 0.8 1
FeCr,S,/(FeCr,S,+Cr;S,) (mol/mol)

H.D. Lutz, U. Koch, H. Siwert, Mat. Res. Bull., 18 (1983), pp.1383-1389.
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Sulphide systems

Isothermal section at 800°C in Cr-Mn-S

Cr-Mn-S
800°C, 1 bar G’actSage“*
S

Cr

mole fraction

#) )OLICH

FORSCHUNGSZENTRUM

(Mn,Crl3

Cr a £ - ¥ Mn

Fig. 8 —Schematic representation of portion of Cr-Mn-8 phase diagram
at 800°C. Postulated tie lines for local equilibrium compositions of
phases in contact during reaction are indicated, together with a con-
tinuity diagram. Dashed arrows show possible presence of MnCr,8, in
products,

Shatynski, S.R.; Hirth, ].P; Rapp, R.A., Metall. Trans.
A, 10A (5), 591-598 (1979) (16).

CrS-MnS

Lbar Liactsyge

2000

T©)

Slag + PYRRHOTITE Slag + MnS.

PYRRHOTITE + MnS.

s s s s
0 02 04 [ 08 1
MnS/(Crs+Mns) (mol/mol)
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Sulphide systems 0 jlelCH
Isothermal section in Fe-Mn-S

Fe-Mn-S Mn Fe-Mn-S Mn 1100°C (137 K )
(Ma{HT2)

88Ragl

V. Raghavan, Phase
Diagrams of Ternary Iron
Alloys, The Indian Institute
of Metals, Calcutta, India [2],
(1988), pp. 154-173.

V. Raghavan, D.P. Antia, ].
Alloy Phase Diagrams, India,
4[1], (1988), pp. 16-36.

at 800, 1100°C

Fe-Mn-S " e
e " Fe-Mn-S
atm &Ctsage 1100°C, 1 atm G’actSage‘"

Fe

mole fraction

Mitglied der Helmholtz-Gemeinschaft

mole fraction
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Sulphide systems 0 jlelCH
Isothermal section in Fe-Mn-S

Fe-Mn-S Mn 1300°C (1573 k)

88Rag

V. Raghavan, Phase Diagrams of Ternary Iron
Alloys, The Indian Institute of Metals, Calcutta,
India [2], (1988), pp. 154-173.

Fe-Mn-S

1300°C, 1 atm th

& [Sanoetal. 1971] T=1330°C
©  [Kirkaldy etal. 1973]

1300°C

5, N v < <
Fe 09 08 07 06 05 04 03 02 01 S

mass fraction

Mitglied der Helmholtz-Gemeinschaft

19. Dezember 2016 GTT Annual Workshop, 2016 25



Sulphide systems 0 JULICH

FORSCHUNGSZENTRUM

Isothermal section in Fe-Mn-S

76Hil

Fe-Mn-S

1600°C, 1 atm tht

Mn

1600°C

® [Sanoetal., 1971] T=1615°C
v [Vogel, Hotop37]

F N \
€ 1 20 40 10 50

M. Hillert, L.-1. Staffansson, Metallurg. Transact., Section B:
Process Metallurgy, 7B, (1976), pp. 203-211.

Fe-Mn-S Mn 1600°C (1873 K )

88Rag

/s i
— T tiydid

v EVEVREYIR Y v

Fe 0.9 08 0.7 0.6 0.5 0.4 03 0.2 01 S

mass fraction

V. Raghavan, Phase Diagrams of Ternary Iron Alloys, The
Indian Institute of Metals, Calcutta, India [2], (1988), pp. 154-
173.
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Sulphide systems

System Fe-Mn-S

Fe-Mn-S
1600°C, 1 atm

$actsay'

Fey,,Mn, - S

1atm
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1600°C

1 Isopleth section Fe/Mn=97/3 in Fe-Mn-S

&ctiage“

1600°C
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0.03 T T T T T T
Liguid quid#2
& [Sherman,1952]
& [Karber, 1936]
¥ [Vogel 1937]
—_ " [Meyer, 1934
I, [Meyer,1934) |
2
:'f‘
=
=
5 o .
= Liquid + Oldhamite
# 001
1600
®
0 | | | | | 1 Ql 1500 5
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Mn/(Fe+Mn+S) (g/g)

Solubility of Mn and S in Fe-rich liquid at

BCC_AP

1400

1200

Old
1100 [

1000 [

T
Liquid + Liquid#2

Liquid + Oldhamite

=3

Liquid + Oldhamite + FCC_A1

[~Y (=] =)

© [Vogel37]

2
PYRRHOTITE + Oldhamite + FCC_A1
1

PYRRHOTITE + FCC_A1
1 1
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0.05 0.1 0.15 0.2

0.25 0.3

S/(Fes;Mn,+S) (g/9)
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Sulphide systems !) j[]LlCH
System Fe-Mn-S

Fe - Mn - S system 11000C

1100°C, 1 atm thtsagem
2 ) T T T T T T T .
N o
PYY{RRHOQUTE A N [Fischer78-3]
o [Fischer78-1]
PYIRRHOTITE + Oldhanjite
o
15 |
I o
Ligu AD L
IN Oldhamite
T
k=1 Liquid + Oldhamite
n
T 2r _
a2
5 2
25 | |
Oldhamite + FCC_A1l
3 . 1 . 1 . 1 . 1
0 0.2 0.4 0.6 0.8 1

Mn/(Fe+Mn) (mol/mol)

Relationship between S potential and Mn fraction
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Sulphide systems

System CaS-FeS-MgS

h'gSL—

3CaS

o
Oighomite

B.J. Skinner, F.D. Luck, Amer. Mineral.,, Vol.56
(1971), pp. 1269-1296.

FeS - MgS - CaS
900°C, 1 bar

#) )OLICH

FORSCHUNGSZENTRUM

FeS - CaS - MgS
Projection (Slag), 1 atm thtsagem
FeS

T(min) =1078.16 °C, T(max) = 2525.93 °C T
2500

Pyrrhotite

2400

2150

1900

1650

1400

1150

900

Isothermal section in CaS-
FeS-MgS at 900°C

—— _Oldhamite+
— T T
Y

mole fraction
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mole fraction

Liquidus surface in CaS-FeS-MgS
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Sulphide systems

System CaS-FeS-MnS

FeS

700°C

Trollite
+
Alabandite
+

Oldhomite

Alabandife
.

Otdhamite

MnS CaS

B.J. Skinner, F.D. Luck, Amer. Mineral., Vol.56
(1971), pp. 1269-1296.
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Isothermal section at 700°C in CaS-FeS-MnS

CaS - FeS - MnS
700°C, 1 bar Gh(:ts;lge'M

FeS

MnS

mole fraction
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Sulphide systems

System CaS-MgS-MnS

Isothermal sections in CaS-MgS-MnS

MnS - MgS - CaS

Isotherms at 800°, 900° and 1000°C thtSage‘"
CaS
N < [B.J. Skinner and F.D. Luce, 1971]:
e go00°C
: ) s 900°C

1000°C

Mg S 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 Mn S

mole fraction
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CaS - MgS - MnS
Projection (Slag), 1atm &C‘Sagem

T
| 2500
2250

CaS

T(min) =1517.52 °C, T(max) = 2526.84 °C

mole fraction

Liquidus surface in CaS-MgS-
MnS (proposed)
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Sulphide systems 0 j[]LlCH
System FeS-MgS-MnS

FeS - MgS - MnS

Isotherns at 600°, 700°, 800°, 900° and 1000°C thtSage”"
FeS
N % [B.J. Skinner and F.D. Luce, 1971]:
X  600°C
s " e 800°C
I °C' = 900°C

=

1000°C

Oldhamite

AV

M n S 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1 Mg S

mole fraction

V

Isothermal sections in FeS-MgS-MnS
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Sulphide systems 0 JOLICH
Tiospinel in Cr-Fe-Mn-S

Sulfide Name Pearson  Space Tm, °C Tm, °C
Symbol group Exp. Calc.
Fecr,s, Daubreelite CF56  Fd3m  1440[Indosova82] 1437

1350 [ElGoresy]

0 0.2 0.4 0.6 0.8
MnCr,S,/(FeCr,S,+MnCr,S,) (mol/mol)

cucr,s, Joegoldsteinite  cF56  Fm3m 1160 [94Sha] 1163
MnCr,s, Cuprokalininite  cF56 Fm3m - 1434
FeCr,S, - MnCr,S,
o Latm ~ G’actSage’”
1600 T T
1550
i Liquid . . .
PO vrmHOTTE » Liqui Sulfur spinels or thiospinels have a general
1450 f == 1 formula AB,S, where A is a divalent metal
Orao0 | S 1 and B is a trivalent metal. Thiospinel in
q | Sulfide database - solid solution phase
ol (Fe™ Cu*2, Mn*2),(Cr3),(S?), | with end-members FeCr,S,, CuCr,S, and
g MnCr,S,
£ 1250 |
% 1200
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Conclusions

v

Carbonate species have been included into the slag of the system Na,0O-K,0-CO,-S-SOs;.
The liquid phase in all subsystems was evaluated using non-ideal associate species model
(two cations per species).

Alkali carbonates have been added to hexagonal phase with the corresponding parameters
describing both solubilities in the cation and in the anion sublattices

All systems were assessed using experimental phase diagram information.

The mixed salt systems containing alkali carbonates, sulphides and sulphides have been
calculated using the corresponding data

The liquid phase in all subsystems Ca-Cr-Fe-Mn-Mg-S was evaluated using associate
species model

All systems (6 ternaries and 4 quasi-ternaries) were assessed using experimental phase
diagram information and thermodynamic properties as far as available

The solubility ranges of solid solution phases containing S (such as Pyrrhotite, Oldhamite,
Thiospinel, Cr;S,) were described using the sublattice model

Outlook

v' Thermodynamic assessment of further systems with CO,
v' Considering the mixed silicate-carbonate systems
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