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Abstract

The freezing point depression of cryolite (¥dF¢) by the addition of AJS; and FeS was investigated. It was found that for contents of
up to 10wt.% A}Ss, it brings into the melt three new species. X-ray analysis of solidified melts of the systghiFyaAl,S; showed that
it contained chiolite, NgAl;F,4 and NaS. Chiolite originates from a reaction betweernsAiir¢ and AlR;. This suggests that the system
NagAlFs—Al,S; is a part of the reciprocal system NaF, AfNa,S, Al,S;. The solubility of FeS in cryolite melt is so low that it cannot be
determined by the thermal analysis. When FeO is added to th&lRNa-Al,S; melt, Fé* cations and 3 anions react under the formation
of solid FeS. A similar reaction was observed fofNand $- ions.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction contain sulphur, mainly as sulphates (up to 1%). Sulphur
leaves the aluminium cell mainly as $0with minor

Aluminium is produced by the electrolysis of alumina dis- amounts of COS, GSand HS [2,3]. The phase diagram

solved in cryolite-based melts. Besides cryolite {Ni& ) of the system NgAIFs—AlIF3—Al,03—NaSO, was inves-

and alumina, the electrolyte contains an excess o Alfh tigated by Delmarova and Malinovski#]. Danielik and

respect to NgAlIF g, and 3—6 wt.% Cag: Other additives like Gabcova[5] studied the system NAIFg—NaF-NaSO;.

LiF and/or Mgk can be present as well. The electrolyte Baimakov and VetyukoV6] reported that metallic alu-

may also contain impurities, like iron, silicon, phosphorus, minium dissolved in electrolyte reduces sulphates to sul-

sulphur, etc[1]. The impurities are introduced into the elec- phides:

trolyte with the alumina or fluoride salts or they originate

from the carbon anodes. The main constituents of the gas3N&SQu(l) + 8AI(l) — 3N&S()) + 4Al1205(s),

leaving the cell are as follows: GOCO, CF, CyFs, HF, ArGSpa3 = —3271kJ mot? (1)

SiF4, H20, hydrocarbons, S H,S, COS, C9, together _ )

with some solid particulate emissions. In this paper, we Shvartsbergj7] studied losses of sulphur from cryo!lte melts.

will discuss the behaviour of the sulphur compounds in alu- He found that at a temperature of 10@sulphate ions are

minium cells, in particular, the solubility of AS3 in molten reduced by graphite. He explained his observations by the
cryolite. following reaction schemes:

Sulphur originates mainly from two sources. Petroleum

4 . 3N I) + 2NagAlFg(l
coke used for the production of carbon anodes Contams3 &SOu(I) + 2NagAlFe(l) 4 3C(s)
0.7-4wt.% sulphur. Cryolite and aluminium fluoride also — 12NaKl) + Al203(s) + 3SGx(g) + 3CO(9),

ArGS a3 = — 173.057 kI mot? 2)
* Corresponding author. Tek:421-2-59325523;
fax: +421-2-52920171. NaxSOu(l) + 4C(s) — NaxS(l) + 4CO(g),
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In most cases, no experimental evidence of the reactions(BN) crucible (60 mm diameter, 55 mm height). Platinum
mentioned above has been given. The Gibbs energies of the&cannot be used because it reacts withS3l The BN cru-
reactions were calculated using the JANAF talji&ds No cible was placed in a vertical furnace, under argon atmo-
data on the solubility of sulphides in cryolite-based melts are sphere. A sketch of the apparatus is showrfig. 1. The
available. In preliminary experiments on the reduction of sul- temperature was measured with a Pt/Pt10Rh thermocouple
phates dissolved in cryolite melts by metallic aluminium, we located inside a hot-pressed boron nitride protection tube.
found by X-ray diffraction analysis that the solidified melt The stirrer was made from hot-pressed boron nitride and

contained A$Ss. In this paper, we will present results of the
study of the phase diagram of the systenyAl&s—Al>Ss3.

2. Experimental

2.1. Chemicals

Handpicked Greenland cryolite, 83 (99.9% metal ba-

rotated with a speed of about 300 rpm.

The melt was heated about 20 above the liquidus
temperature when the stirring was started. The stirring
lasted for 60 min before cooling was initiated with a rate of
0.7°Cmin~1. The slow cooling rate and the vigorous stir-
ring were applied in order to prevent or reduce super-cooling
of the melt. As a further measure to avoid super-cooling
was to add small crystal seeds of cryolite were added to
the melt during cooling. The precision of the temperature

sis, Alfa Aesar), FeS (99.9% metal basis, Merck) and FeO measurement was 0'C, the reproducibility was-0.4°C.

(99.9%, Aldrich) were used. The other chemicals were of
the grade “pro analysis”.

2.2. Apparatus

The liquidus curve of cryolite (Ng#AIFg) in the system
NagAlFg—Al>S3 was determined by thermal analysis under
an argon atmosphere. Since,8 reacts with moisture,

A similar apparatus was used to investigate the influence
of the addition of FeS on the temperature of primary crys-
tallisation of cryolite.

3. Results and discussion

In Fig. 2, the liquidus temperature of cryolite (MeFg)

the use of inert atmosphere was of primary importance in is plotted as a function of the addition of up to 0-1.5mol%
the preparation of the samples and during the measure-Al,S;. By addition of small amounts of AS3, we can as-
ments. Mixtures of 150-200 g of handpicked and crushed sume ideal behaviour of molten p&IFe. The curves in

Greenland cryolite and AB; powder with known compo-
sition were prepared in a glove box under low-humidity
atmosphere and transferred into the pyrolytic boron nitride

)
@
@

\\v

-

Fig. 1. Experimental apparatus: (1) Pt/Pt1ORh thermocouple; (2) stirrer;
(3) Alsint tube for adding small crystal seeds; (4) radiation shields; (5)
hot-pressed boron nitride protection of stirrer and thermocouple; (6) melt;
(7) pyrolytic BN crucible.

Fig. 2 correspond to the theoretical prediction of the tem-
perature of primary crystallisation of cryolite based on the
Le Chatelier—Schroder equati¢®, 10]:

(7 7)
Tws T
where x(NagAlFg) is the mole fraction of cryolite in the
mixture, A Hg ((NagAlFg) the enthalpy of fusion of cryo-
lite (=106.7 kI mot? [1]), Ttus the temperature of fusion of
pure cryolite (1284 K) and the temperature of its primary
crystallisationR s the gas constant atg; the Stortenbeker
factor[11], which equals the number of new foreign species
that Al,S3 brings into the solution. It can be seen tha; %y
forms (when added in small amount) three new species in
cryolite melts.

By analogy with the system NAIFg—AI>O3 [12], we
may assume that the composition of these species is of the
form Al,SRs2—, which is a complex of the bridging type, i.e.
Al-S—Al. However, it can also be explained by the formation
of any other species containing only one S atom, e.g. AISF
species by analogy with the species that Hjuler e{18]
assumed to be formed in NaCIl-AlzAI,S3 melts.

In Fig. 3, the liquidus temperature for higher additions
of Al,S3 is shown. For additions above 15 mol% 8%,
the decrease in the temperature of primary crystallisation
of cryolite is surprisingly large. This observation can be
explained by the metathetical reaction, where one product

AH;,(NagAlFg)

In x(NagAlFg) = Rka:

(4)
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Fig. 2. Liquidus temperatures of cryolite as a function of the amounts gzAhdded (0-1.5mol%). Full lines: calculated accordind=tp (4) for new
species 1-3.

is AlF3: ified melts in the system NaAIFs—Al,S3 showed that they

contained NgS and chiolite (NgAl3F14), which is an incon-
2NagAlFs (1) + Al2Ss(l) = 3N&S(D) + 4AIFs(s), gruently melting compound in the system Fs—AlF3.
ArG 73 = 72.633kImol?, This observation indicates that the systemyN&e—AlSz
ArGay = 54.313kJ mofL (5) is part of the reciproqal system NaF,A{H\Ia.zS, AlrSs.

The excess of Alg(in the form of chiolite) in the samples

The standard Gibbs energy of this reaction is positive. How- with the addition of 10, 20, 30, and 40 mol% & was
ever, the activity of Allz in cryolite melts is very low[14] determined by a standard X-ray method. It was found that the
because of complex formation. X-ray analysis of the solid- content of Al increased from 3.6 wt.% for the addition of

1000 m.p.(ALS,) 1100°C
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Fig. 3. The cryolite-rich part of the phase diagram of the systemAN—Al>Sz. Open squares: primary crystallisation of ddFs. Full line: calculated
(formation of AlR; was taken into account).



90

P. Fellner et al./ Thermochimica Acta 410 (2004) 87-91

1016

1014

—_
Q
=
N

temperature / °C
2
o

1008

1006

1
1000

time/ s
Fig. 4. Cooling curves in the system eFg—FeS: (1) pure NgAIFg; (2) NagAlFg + 0.3wt.% FeS; (3) NgAlFg + 0.5wt.% FeS.

10 mol% AbSz up to 6.0 wt.% for the addition of 30 mol%

in cryolite melts. These observations may contribute to the

Al>S3, while it remained constant by higher additions of understanding of the influence of investigated impurities on

AlLSs.
This is in accordance with the predictions resulting from

a thermodynamic model based on this reaction scheme

the current efficiency in aluminium electrolysis.

(Eg. (5)). This model gives only a qualitative explanation of Acknowledgements

the formation of AlR, since we do not know the activities
of Al,S3 and NaS. The activities of Alg can be estimated
on the basis of data published by Solheim and Stdttéh
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The present paper explains the behaviour of sulphide assamples.

impurity in cryolite melts. However, further work is needed

in order to understand the whole phase diagram for the sys-

tem NaAlFg—Al>S3. This is the reason why a part of the
liquidus curve inFig. 3is plotted by a dotted line.

In Fig. 4, the cooling curves obtained in the system
NagAlFg—FeS are plotted. It follows that within the exper-
imental error FeS has no influence of the temperature of
primary crystallisation of cryolite, so it is practically insol-
uble in this melt. Thus, it was of interest to find out if FeS
precipitates when both Fé and $~ ions are presents in
the melt. According to Jenttoftsen et HlI5], up to 15 mol%
“FeQ” can dissolve in the cryolite melt at 1000 (FeO
is a non-stoichiometric compound.). We added 5mol%
Al>S3 and a corresponding stoichiometric amount of FeO
to cryolite and kept the system at the temperature of
1000°C for 30 min in a BN crucible. When the system was
cooled down to ambient temperature, we found a small
sphere having diameter of5mm on the bottom of the

crucible. X-ray analysis showed that the sphere consisted

of FeS.
A similar experiment was carried out with the admixture
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