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Liquidus Temperatures of NasAlFg—AlF;—CaF,—NaCl—Al,O; Méelts
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Temperatures for the primary crystalization of NasAlFs in multicomponent electrolyte systems of interest for the
aluminum electrolysis process were determined by thermal analysis. The molar ratio of NaF/AlF; ranged from
2.0to 3.0. The melts contained up to 9 % NaCl (by mass). An empirical equation describing liquidus temperatures
for the primary crystallization of NagAlFs was derived: t/°C = 978.142 — 4.078w(AIF;) —13.341w(NaCl) +
0.619W(AIF)? + 1.210w(NaCl)? + 1.052w(AlFRz)w(NaCl) — 0.034w(AlFz)® — 0.050w(NaCl)® —
0.040wW(AIFz)W(NaCl)? — 0.070w(AlF3)2w(NaCl), where w(AIF3) denotes the mass fraction of excess auminum
fluoride with respect to cryolite and w(NaCl) denotes the mass fraction of sodium chloride.

I ntroduction

The molten systems based on cryolite (NasAlFg) serve asthe
solvent for aumina in the electrolytes used for the production
of aluminum. The high melting temperature of cryolite (1008
°C) can be lowered by the addition of other sats. The
conventional system consists of cryolite with (6 to 13) % AlFs;,
(3 to 8) % CaF,, and (2 to 5) % A1,0; (all percentages by
mass). The working temperature of the electrolyte is usualy in
the range (945 to 970) °C. It might be of advantage to use an
electrolyte with alower melting temperature.>* The temperature
of primary crystallization can be lowered by use of an AlFz-
rich bath and/or by the introduction of certain additives. Besides
the additions like CaF,, LiF, KF, and MgF,, sodium chloride
may aso be present in the bath. Industrial practices with
electrolytes containing sodium chloride have been confirmed
with good results by some Chinese aluminum reduction
smelters.® The effect of the above additives on the temper-
ature of primary crystallization of the system NasAlFs—AlF;
has been studied.® In the case of NaCl, the data are limited
for melts with a high molar ratio of NaF/AlF; (higher than
2.7).%® In this work we have measured the effect of NaCl
on the reduction of liquidus temperatures of the molten
System NagAl Fe_Al F3_CaF2_A|203.

Experimental Section

AlF; was purified in our laboratory by sublimation, while
CaF,, NaF, NaCl, and alumina were high-quality chemicals
containing very small amounts of impurities and were dried at
400 °C for 48 h. NasAlFs was prepared by mixing NaF and
AlF; at a molar ratio of 3 and melting at 1050 °C.

The thermal analysis was performed under an atmospheric
pressure of argon in an apparatus consisting of a 6.0 cm diameter
stainless steel (310s) chamber with ports for thermocouple and
argon gas inlet. The chamber was heated by a vertica alumina
tube furnace. The crucibles were usudly made of high-quality
graphite. The cooling rate was 1 °C-min~%. The temperature of
the melt was measured by immersing a Pt—Pt/Rh 10 % thermo-
couple connected to adigital thermometer with aresolution of 0.1
°C, and dl experiments were done by placing the crucible in the
constant temperature zone of the furnace. The Pt—Pt/Rh 10 %
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Table 1. Experimental Liquidus Temperatures and Liquidus
Temperatures Calculated from Equation 1 for the Molten System
NazAlFg—AlIF;—NaCl—4 % CaF, (by Mass)—3 % Al,O3; (by Mass)

WAIFs) w(NaCl) t cac.t At w(AIFs) w(NaCl) t calc.t At

% % °C °C °C % % °C °C °C
15.33 1.00 9291 9261 30 533 1.00 9625 960.1 24
15.00 3.00 906.4 9064 —0.0 b5.22 3.00 946.0 9473 —13
14.67 500 8855 889.5 —4.0 5.10 500 9406 9389 1.7
14.33 7.00 8727 8734 —0.7 4.99 7.00 9336 9327 0.9
14.00 9.00 854.6 8555 —09 487 9.00 9252 926.2 —1.0
11.68 1.00 9456 951.1 —55 256 1.00 963.0 961.1 1.9
11.43 3.00 9384 9360 24 250 3.00 9469 9465 04
1117 500 9281 9241 40 244 500 9352 9370 —1.8
10.92 700 9180 9131 49 239 700 9322 9305 17
10.67 9.00 9054 9008 4.6 233 9.00 9264 9244 20
8.36 1.00 959.0 9589 0.1 1.00 964.0 966.0 —2.0
8.18 3.00 9446 946.1 —15 3.00 9486 947.7 09
8.00 500 936.0 936.9 —0.9 500 9354 9355 —0.1
7.82 7.00 9246 929.2 —4.6 7.00 9256 9270 —14
7.64 9.00 9155 920.7 —5.2 9.00 9203 9198 05

[cNoNoNoNe]

thermocouple was cdlibrated to the melting points of pure
compounds NaCl, LiCl, and NaF. The measured transition tem-
peratures were reproducible to within + 2 °C. Argon gas was
passed through the chamber at a rate of 100 cm®-min~2.

Results and Discussion

Thirty NagAlFs—AlF;—NaCl—4 % CaF, (by mass)—3 %
Al,Oz (by mass) mixtures were investigated (some of them
repeatedly). The molar ratio of NaF/AlF; ranged from 2.0 to
3.0. The melts contained up to 9 % NaCl (by mass). The results
are summarized in Table 1. It was found that the experimental
results could be described by the following equation:

t/°C = 978.142 — 4.078W(AIF,) — 13.341w(NaCl) +
0.619wW(AIF,)* + 1.210w(NaCl)® +
1.052w(AIF)w(NaCl) — 0.034w(AlF,)® —
0.050w(NaCl)® — 0.040w(AlF,)w(NaCl)* —

0.070wW(AIF)°W(NaCl) (1)

where t is the temperature of primary crystallization. The
coefficients of the equation were determined using a multiple-
nonlinear regression. The composition is given in mass fraction.
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Figure 1. Liquidus temperatures at different amounts of NaCl content in
the system NasAlFg—AlF;—CaF,—NaCl—Al,O;. B, CR = 2.0; O, CR =
22, A,CR=24,0, CR=26;0CR =28, ¢ CR=30.

W(AIF3) denotes the mass fraction of excess aluminum fluoride
with respect to cryolite; w(NaCl) denotes the mass fraction of
sodium chloride. The relationship between w(AlF3) and CR (CR
is the molar ratio of NaF/AlF3) can be described by eq 2

WAIF,) = (3 — CR)(100 — SA)/(3 + 15CR) (2)

where SA = w(CaF,) + wW(Al,O3) + w(NaCl).

Equation 1 is based on our experimental data. The experi-
mental and calculated data are compared in Table 1. The
coefficient of determination, R?, has a value of 0.989.

On the basis of the present study, the composition limitations
of eq 1 are proposed to be w(AlF3) < 16 % (by mass) and
w(NaCl) up to 9 % (by mass). The standard error of the estimate
is about 3.23 °C. The overall uncertainty was estimated to be
below 1 %.

Figure 1 shows the liquidus temperatures for the primary
crystalization of cryolite in the sysem NaAlF—AlF:—
CaF,—NaCl—Al,Os;. The datawerefiited to single lines as shown

in Figure 1. The dope of thelinewith CR = 2.0 isabout 9.1 °C/%
NaCl (by mass). The dopes of lineswith CRs of 2.2to 3.0 arein
the range of (4.3 to 5.5) °C/% NaCl (by mass). The reduction of
the freezing temperature is much more pronounced in electrolyte
with CR = 2.0 than in dectrolyteswith CR > 2.2 if 1 % NaCl (by
mass) is added to the electrolyte.

Literature®’data indicate a reduction of liquidus temperature
of (7t09) °C/% LiF (by mass) in electrolytes with a CR of 2.2
to 3.0, and 6 °C/% (by mass) in electrolytes with CR = 2.0.
Therefore, sodium chloride has more reduction potential of the
liquidus temperature for electrolytes with a lower CR than
lithium fluoride. Considering the significantly low cost, NaCl
is perhaps the best additive for a low-temperature electrolyte
with a CR lower than 2.0.
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