
The values of the equilibrium constants obtained for the solubility

product according to equation (24) is generally lower than those

determined by experimental methods (Table 5) but the variations among

the individual results are still important because of the uncertainity of the

thermochemical data. For AG° of reaction (37) the Gibbs free energy of

formation of Ce203 or La203 the data proposed by K.A. Gschneidner et

al /91/seem to be reliable and for AG° of reaction (39) the established

[91] and the determined [50] data are in satisfactory agreement at least at

1600°C. But there are no experimentally determined data for AG° of

reaction (38) the Gibbs free energy of liquid iron and so there is no

accurate evaluation of AG°ofreaction (38) [92,93].

Table 5: Equilibrium of the reaction (36) in pure liquid iron

I

log/%Ce/2./a03/ /%Ce/2.a3o wt% of procedure crucible &

at 1600°C Ce atmosph.

[ref. ]

- 104 - thermodynamic [15]

calculation

- 2.5.10" 0 . 009 to chemical analysis A1203 vac

0.048 of samples uum[21]

- 1.8.10.9* 0 . 015 to chemical analysis CaO/Ar

0.45 of samples [4]

- 1.0"14* >0.003 chemical analysis CaO/Ar

of samples [68]
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Tab.S cont. 7.96.10-24 - thermodynamic

-81100/T+20.20 calculation [791

-76000/T+24.00 2.65.10.20 - Cc +A1203 reaction [80]

-68500/T+1.60 1.07.10-17 <0.25 EMF/thoria A1203/Ar

electrolyte/ [81]

- 4.05.10 "15 <0.001 H20.H2 equilibrium CaO

at 1650°C [82]

-74712/T+18.80 8.11.10-22 - thermodynamic

calculation [41]

- 0.4-4.0.10" <0.20 chemical analysis MgO/vac

of samples uum[21 ]

crucible

log/La/2.a3o /La/2.a3o wt% of procedure material &

at 1600°C La atmosphere

/ref]

- 4.10
"2

- thermodynamic

calculation [83]

- 6.10-'` 0.004 to chemical analysis A1203 va

0.09 of samples cuum[84]

- 6.10-10` 0.06 to chemical analysis CaO/Ar

1.0 of samples [4]

- 2.5.10
"13•

<0.7 chemical analysis Zr02,He

of samples Th02[851

-77300/T+20.79 3.30.10-21 - thenmodynamic

calculation [7 9 ]
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Tab.S cont . 9.35.1020 - La-A1203 reaction [80]

-62050/T+ 14.10

10.18 - thermodynamic, -

calculation [84]

- 10-19 <0.04 combination [86]

-75380/T+17.60 2. 24.10-23 thermodynamic [41]

calculation

- 0.4-4.0.10" <0.02 chemical analysis MgO,vac

of samples uum,[21 ] .

1.4. Thermodynamics of system Fe-RE-S

The reaction between RE and sulphur is the following :

RE,;S y = x/RE/ + y/S/ (41)

The equilibrium constant of reaction (41) can be expressed as follows [94-

96]

K ar1?E . d s and K ' = /%R]./' .i%Si" (42)

The values obtained for the solubility product according to equator (41)

are shown in Tables 6 and 7 . These Tables have shown that the value of

the free energy of formation of sulphides are in the following increasing
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orae: CaS,CeS,LaS,La2S3, and Ca2S3. The sulphides A1203 and MnS not

form.

Table 6. Standard free energies of formation of RE sulphides

reaction - MI

(kJ/mol )

- OS

(kJ/°K.mol)

temperature

range to (°K)

Ce - S = /CeS/ 383.150 0 .11145 2723

2Ce - 3S = /Ce2S3/ 774.558 0.36194 2723

La - S = /LaS/ 343.577 0.12049 2473

2La - 3S = /Ca2S3/ 794.603 0.36110 2473

2A1- 3S = /A12S3/ 386.777 0.29616 2600

The equilibrium constant for the reaction (41) is given by:

IogK = logaxp. , a s

and logK = IogK+ +xlogfp ylogfs

(43)

(44)

Using equation ( 14) in equation (44):

IogK = logK+ + x{ems . MRE . /%S/} + yt cis . /%RE/) (45)
MS

For the reaction /CeS/ =/Ce/ + /S/:

IogK = IogK+ + eces . /%Ce + 4.37%S/ (46)

and for the reaction [LaS/ = /La/ + /S/ :

IogK = IogK+ + eL°s . /%La + 4.34%S/ (47)
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S interaction parameters for formations of CeS and LaS are obtained from

the following:

eCS -
log K - log K'

/% Ce / +4.37.%S

and eL 2s
log K - log K+

l%La / +4.34.%S

(48)

(49)

So important reactions which are formed in the system Fe-RE-S are the

following:

^RE2S3/ = 2/RE/ + 3/S/ (50)

d eRE log K - log K`
51)an S (

2M'
3/%RE/ /%S

h l K =

.+
MS

_AGO
erew og

2.203RT

The formation of sulphide inclusions depends mostly on temperature

and the RE/S ratio [21,54,86,103,104,109-115]. At temperature range

1600 - 1650°C the occurance of the reaction between sulphur and RE is

very difficult. When RE/S ratio is less than 3, the sulphide (REMn)S will

be formed. If RE/S ratio is greater than 3, it can't be formed.
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