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Sulphur

Natural minerals may
contain substantial
guantities of sulphur.

(:‘r

Sulphide glasses can be
used for high refractory
Index materials.

Sulphur species are present
in radioactive and toxic
wastes.

Sulphur added to glasses as
sulphate can be used as
refining agent, as sulphide
gives amber colour.
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The associate species containing S were added in order to
describe the liquid phase containing metal sulphides.

System Associate species

Cas

CrS

Cu,S

FeS

CuFeS,/2
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Liquid (Ca, CaS, S) proposed by GTT
Cr-S Liquid (Ca, CrS, S) modelled by GTT
Cry01S, Cr3S, stoichiometric modelled by GTT
Cr,S;, CrsS4,Cr,Sg  stoichiometric modelled by GTT
Pyrrhotite (Va, CnS CrS(SGPS)
Cu-S Liquid (Ca, Cu,S, S) modelled by GTT
Cu,S-I S (Va, Cu) modelled by GTT
Cu,S-lI S (Va, Cu) modelled by GTT
Digenite (S%)(Va,Cul?)(Va,Cul*) modelled by GTT
CuS stoichiometric SGPS
Fe-S Liquid (Fe, FeS, S) [Miettinen,Hallstedt98] < 50%S
GTT > 50%S
FeS (s1, s2) stoichiometric SGPS
FeS, stoichiometric (Hy, Cp) SGPS
Pyrrhotite (Va, Fe)S [92Sun2]
Liquid (Mg, MgS, S) proposed by GTT
Mn-S Liquid (Mn, MnS, S) [Miettinen,Hallstedt98] < 50%S
GTT >50% S
MnS, MnS, stoichiometric [Miettinen,Hallstedt98]

(:‘r
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CaS - FeS Oldhamite

CaS - MgS Oldhamite
CaS - MnS Oldhamite

Cr-Fe-S Cr,FeS,
- Pyrrhotite
Cr-Mn-S MnCr.,S,

Cu-Fe-S Digenite
Pyrrhotite
CuFeS,-HT
CuFeS, (s)

Cu,S-MgS Digenite
Cu,S-MnS Digenite

Pyrrhotite
Oldhamite
Oldhamite
Pyrrhotite

Qr

(Ca, Fe)(S)

(Ca, Mg)(S)

(Ca, Mn)(S)

stoichiometric

(Va, Cr, Fe)(S)
stoichiometric

(Cr, Mn)S
(S%)(Va,Cul*)(Va,Cul* Fe?")
(Va, Fe, Cu)(S)

(Cu, Fe) FeS,
stoichiometric
(S%)(Va,Cul*)(Va,Cul*,Mg?")

(S%)(Va,Cul*)(Va,Cul*,Mn?*)
(Va, Ee, Mg)(S)

(Fe, Mq)(S)
(Fe, Mn)(S)
(Va, Fe, Mn)(S)

modelled by GTT
modelled by GTT
modelled by GTT
modelled by GTT
modelled by GTT
modelled by GTT
modelled by GTT
modelled by GTT
modelled by GTT
modelled by GTT
SGPS

modelled by GTT

modelled by GTT

modelled by GTT
modelled by GTT
modelled by GTT
modelled by GTT
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Phase

Pyrrhotite

CUZS'I

Cu,S-lI
Digenite
Oldhamite
CuFeS,-HT
MnS

Description

(Cr, Fe, Cu, Mg, Mn, Va) S

(Cu, Va), S

(Cu,Va), S

(@1+,Va) (@1+’F62+,M92+,Mn2+’ Va) (SZ-)
(Ca, Mg, Mn, Fe)(S)

(Cu, Fe) Fe(S),
(Cr, Mn) S
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Fe-S
1 bar Liactsye
2500 : . - . - . - . -
Massalakl, Binawy Phase Diagrams]
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<A> S+ <1-A> Cu
Concentration dependence of sulfur pressure in liguid. thtSage"

Cu-S 0 - : —
IFEBaJ‘e,_Togun,i. e
1 atm S e
o {250°C
1800 T 54 Schumann, Malest:
4 4350°C
< IﬁiKn:v AL g fe8C ]
1600 [ L Z
*  fa25mi &
«  [BOJon] E,
1400 [ » [FoBaf ]
Slag + Slagz? o [B0Shaf af K. ]
1200 o 1350°C §
72507
% Timo i
. 1ooo »
5 Slag + SlagZ2 . j ‘ . .
= i . i 1 2 3 4
200 FCC_AT + Digenite S 1nole fraction §
Silag + Digenite <A> S+ <1-A> Cu
600 D T Concentration dependence of sulfur pressure in Digenite. thtSage“
4 T T
T=2800°C
- - -l E
400 Slag + CuS(s)
FCC_AT + CU2S5-H Culi(s) b + [B4SIcH] |
200 , a7 L |
0 FCC_AT + CU2SH cyprsg+rus(s) , ﬁ(ﬂf CuS(sf , g 38 ]
1] 0.z 0.4 0.e n.e 1 & 1 b
S/(Cn+8) (mol'mol) ER M
ki i
2zt i
A i
] . L
3 -2 1 i

log(P(H,$)P(H.)

r»> ——m



GTT-Technologies

T(C)

3500

3000

2500

2000

1400

1000

400

Mn

-8

1 har

ASlag + ASlag=2

ASlag

ASlag + Mnsis)

;%r IS (5]
LYW
-7

Mmn{s 2} + MinS(s)

ASlag + ASlag=?

ASlag + MnS(s)
- Win(s) + MnS(s) Anss)
WMn¥.(shsiag + Mns,(s)
MinS(s) + WinS (3
] 1 ] Q.fﬁ'l o i TR
0 0.2 0.4 0.6 0.8

SAMD+S) (molinol)

n-5 phase dizgram X
Weight Percent Sulfur

0 10 20 30 40 50 60 0 B0 90 100
35 T ey t 1asa anas T+ Tt t et
3000+ ['[ -
25004 L
Ly
O .
° e 20004 rd ~ 3
2 # s, L
] K ., 3
o \ Y %
% 1500 Y i \ 2
lE’ (dMn) v ! 5
pagg
1o C
4 (yMn} L “E
\J \
112117 N S 4
739 \‘
E Al fFES=S==ssSSSESSS=SESS b3
0 $— (GMn) = (BS]\
__yusaec
(US)EE= o5 5oc
. T T T } T : T T
L] 10 20 30 40 50 60 0 80 N 1060
Mn Atomic Percent Sulfur S

H. Okamoto, J. Phas. Equil. Diff., Vol.
32, 1(2011), p.78.



GTT-Technologies

T(©)

Ca-S

Laim Giactsyge

2700

T, =2525°C

Slag
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T.B. Massalski, Binary Alloy
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Phase Diagrams., ASM, 1990 .

»

Ca-S (Calcium-Sulfur)
Editor

®No phasge diagram is available for the Ca-3 syetem. The crystal structure of Cal iz the
Mallltype [22Kus]. The melting point of Cal is 2525 °C [58Iuz]. Polysulfides (2.5, Caly, Caly,
Calds, efe, quoted in [B6Vol] from literature of the eardy 19th century) could not be obtained
thetally from elements [31Eob]. -H.O.

s H. Kuster, 2 FPhys, 23, 257-262 (1922).

31Rob:F L. Fobinzon and WE. Scott, [ Chem. Soc., 174 693708 (1931,

38hx= . Juza and I Bunzen, 2 Fhys, Chem. (Frankfint), 17, 82-99 (1055),

26Vol A E Vol and LK. Kagan, Hawndbook of Binary Mefallic Spsfems, Vol 4, NV, Ageew,
Ed, Amerind Publishing Co. Pwt. Lid, Mew Delhi T62-T65 (19286).

Mg-S (Magnestum-Sulfur)

A_A Nayeb-Hashemi and J.B. Clark

®An agsesszed phase diagram for the Mg-3 system has not been determined. The
crystal structure of the only sulfide in this system, Mg3, of the cubic, HaCl-type, was
determined first by [23Hol]. [64Bet] also reported a hexagonal structure with lattice
paratheters 2 and ¢ a8 0305 and 0641 rm, respectively. The existence of maghesivm sulfide
with a hexagonal stracture needs to be confirmed.

BHol 5. Holgerssor, 2 Anorg. Chem, 126, 179-182 (1923) in German.

Z7BrocE. Broch, £ Fhys. Chem, 127, 446-454 (1927) in German.

ZTHol 3. Holgerssory, Lunds Uhiv. Arsskr. 23(9 and 17), (1927); quoted in [Hansen].
AZPri- W Pritnak, H. Kaufiwann, and B Ward, £ _Am. Chem. Soc, 70, 20432046 (1048).
36Gun- O Guntert and A Faessler, & Erisfallogr, 107, 357261 (1956) in German.
64Ber: 5. Berthold, Z. Fhys, 181, 333-343 (1984) in German,
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CaS -FeS -Fe
Fe/{CaS+FeS) (g'g) = 0.0001, 1 bar

3000 . . . : : : : :
* [Hewrmann, 1942]
2500 -
Slag + Fe(s)
2000 -
Oldhamite + Slag + Fe(s)
< qs00 b
[—|
Sidg + Fefs2) .
¢ Oldhamite + Slag + Fefs2)
Slag + PYREHOTIE #F<Ip
tooo - Oldhamite + PYRRHOTITE + Fe{s2)
Oldhamite + PYRRHOTITE + Fe(s)
a00 - .
Oldhamite + Fefs) + FeS(s2)
0 ) | ) Midlramite + Fefs) + FeS(s) , . ,
1] nz 0.4 0.6 0.8 1

CaS/(Cas+FeS) (z/'g)




GTT-Technologies

1800

1600

1400

wy

1200

)

T(C

300
pyEH
400

200

PYRR &.THTEi

MnS -FeS -Fe

WO <

lag + Fe(s)

7.5, Wann ahd LA, wan Wiack, 1976]

Fﬂ. Flacher and H Schwerdtfeger, 1 9}81?
B.J Skinner and FO. Luck, 19?1}

Fe/{MnS5+FeS) (mol/mef) = 0.00001, 1 atm ‘}hctSage"
T

. ahibata, 19267

fag + Fe(s2)

T op

Hrztn

mite + Slag + F

CHdframite + Fefs2) '

CHyMramite + PYRRHOTITE + Fefs

CHdframite + Fe(s)

BETE + Fe(s)
r (Mdhamite + Fe(s) + Fe5{s2) 'll
QMdhamite + Fefs) + FeS(s)
1 | 1 |
a 0.2 04 0.6 n.g 1

MnS/{MnS+FeS) (tnolmuol)

p(H:S)p(H,)* 1000

<A>NMnS + <1-A>FeS+ H,+ 0.0001 Fe
thl:Sage"

T T T T
L f300°C ]
ik
L 1200°C n e
[ ] e
F Em g N
1100°C %o .
L e * L] o
<
- *”* *
[Fischer and Scwerdteger, {977 @
r « 1400°C & without Fe
A 4300°C & withowt Fe
o O {200°C W without Fe
@« 00 & withouwt Fe
1 1 1 1
3 4 8 B g 1

Mole fraction MnS




GTT-Technologies

MgS -FeS -Fe

Fe{MgS+Fe5) (molt/mol) = 0.0001, 1atm Gat:tSage"
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Cu,S - Mgs
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CUSQ_E - MI'IS
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Cas -Mgs Cas-Mns
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Cr-Fe-S
700°C, 1 bar
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Cr-Fe-S
1090°C, 1 bar Ga: tage’

Dahivan llack, 1963}
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Cr-Fe-S
700°C, 1 bar
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FeCr,S, H;, kJ/Mol S;, J/mol K Tw° C
Daubreelite

Experimental -457.31 [Kessler76] 207.1 [Petaev82] 1077 [Robbins74]
-566.8 [Petaev82] 1067 [Lutz 83]
Calculated -514.14 164.88 1073
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1 bar G’actSage‘"
T T T T T T T T
® [Robbins,1974]
1700 -
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Isothermal section at 800° C in Cr-Mn-S
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Cr-Fe-S
800°C, 1atm
s
Cr-Mn-S !
800°C, 1 bar \
S s ;,A' l 1191°

(MR, Crl3

Fe

M

/ / % ) Cr a £ T Y
\ 1642° C Fig. 8—Schematic representation of portion of Cr-Mn-5 phase diagram
° \§ o P P -
1562° C I o S ns \\ at 800°C. Postulated tie lines for local equilibrium compositions of
) N phases in contact during reaction are indicated, together with a con-
i\ tinuity diagram. Dashed arrows show possible presence of MnCr,S, in

products.

Shatynski, S.R.; Hirth, J.P.; Rapp, R.A.,
Metall. Trans. A, 10A (5), 591-598 (1979) (16).
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Isothermal section at 600° C in Cu-Fe-S
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Cu-Fe-S
600°C, 1 bar
Fe

%

mole fraction

Cu-Fe-S

600°C (873 K)

79Ch
1 CuFeS, (LT) a

2 CuFeS;

3 CuFe,S; (HT)
4 CuPFe;S; (LT)
5 CuFeS3 (hp/ht)
6 CuaFe33

7 Cu4Fe5Sg

8 CugFeS, (LT)
9 CugFeS, (HT2)
10 CugFeS4 (m)

11 C\lsFeS4

12 CusFeS4(HT1)
13 CugsFeSg

14 cquegSIG

20 30 40 50 GO 70 80 920 L S
CusS(HT) '

Y.A. Chang, J.P. Neumann, U.V. Choudary,
INCRA, Internat. Copper Research Assoc.,
Monograph VII, 1979, pp. 58-88.




Isothermal section at 800° C in Cu-Fe-S
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Cu-Fe-S

800°C, 1 bar thtSage'"

mole fraction




Isothermal section at 1000° C in Cu-Fe-S
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Cu-Fe-S Fe 1000°C (1278 K)
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Y.A. Chang, J.P. Neumann, U.V. Choudary,
—_— — e — =\ INCRA, Internat. Copper Research Assoc.,
Cu v o R v o o S Monograph VII, 1979, pp. 58-88.
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Cu

Cu-Fe-S
1200°C, 1 bar ‘?aﬂgagew

x  charge composition

—O— tie line
FeS

/¢ “~._ matte
T Fe(y)

matte

matte + [Cu]+ Fe (v)
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Fig. 1 A part of isothermal section in the Cu—Fe-S system at 1473 K.
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Conclusions

GTT-Technologies

« The liquid phase in all subsystems was evaluated using associate
species model,

« All systems were assessed using experimental phase diagram
Information and thermodynamic properties as far as available.

« The 8 solid solution phases and 19 stoichiometric phases containing
S were incorporated.




Sailing close to the wind ...
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