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(57) Abstract

The invention concerns non-ferrous metallurgy, in particular the composition of an electrolyte for
electrically obtaining aluminum by the electrolysis of fluoride melts. The electrolyte proposed contains,
in % by weight: sodium fluoride 26-43, potassium fluoride up to 12, lithium fluoride up to 5, calcium
fluoride 2-6, alumina 2-6, aluminum fluoride and admixtures — the remainder. The technical result is to
increase the solubility of alumina in the electrolyte at a temperature of 830-930°C. In the electrolyte
being applied for, the carbon and inert electrode materials are not destroyed, and the use of special
methods to purify the aluminum of melt components is not required.
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The invention concerns non-ferrous metallurgy, in particular the composition of
an electrolyte for electrolytically obtaining aluminum by means of the electrolysis of fluo-

ride melts.

At the present time, aluminum is obtained in electrolytic baths (electrolyzers) by
means of the electrolytic decomposition of aluminum oxide, or alumina (Al203), dis-
solved in a fluoride melt at a temperature of about 950°C. The principal component of
the melt is sodium cryolite (NasAlFs), to which are added aluminum fluoride (AlF3), alkali
fluorides, and alkaline-earth metals such as lithium fluoride (LiF), potassium fluoride
(KF), calcium fluoride (CaFz2), and magnesium fluoride (MgF2), for example, in order to
improve the technical characteristics. As a result of the introduction of the additives,
melt properties that are important for electrolysis technology are altered, such as electri-
cal conductivity, density, liquidus temperature (melting point), alumina solubility, vapor
pressure above the melt, and corrosive action upon the materials of the electrodes, the

refractory, and other elements of the electrolyzer construction.

The production of aluminum by electrolysis is one of the most energy-intensive
processes. In order to reduce the specific consumption of electrical power, attempts
are made to reduce the specific resistance of the electrolyte and the electrolysis temper-
ature. Reducing the electrolysis temperature in addition allows corrosion of the elec-
trode, refractory, and construction materials to be reduced. But in reducing the electrol-
ysis temperature and, consequently, the electrolyte temperature, alumina solubility in
the melt is usually reduced, which leads to the necessity to reduce electrolyzer produc-

tivity.

From the patent RU2288977, published on December 10, 2006, an electrolyte is
known with an elevated electrical conductivity and alumina solubility, which contains, in
% by wt.: KF - 4.0-7.0,

LiF - 1.0-3.0,

CaF2- 4.0-5.0,

MgF2 - 0.5-1.5,

AlF3 (excess) - 4.0-6.0,
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Al203 - 2.0-4.0,

NaszAlFs - remainder.

At a temperature of 955°C, this electrolyte has an electrical conductivity of 2.6 Q-
'em™' and an alumina solubility of 8.7%wt. An increase in the electrical conductivity of
the electrolyte is achieved by introducing a lithium fluoride additive, while an increase in
alumina solubility is attained by the introduction of an additive of potassium fluoride. A
drawback of the electrolyte is its high liquidus temperature, which does not allow the
electrolysis temperature to be reduced below 950°C. As a result of this, electrolyzers
have high energy loss in the form of heat dissipated, and the energy efficiency of the
process remains low, since the efficiency of existing electrolyzers does not exceed 50%.
In addition, the high electrolysis temperature leads to a high rate of destruction for the
electrode, construction, and refractory materials. In particular, the list of possible mate-

rials is essentially limited to those suitable for use as inert anodes.

An electrolyte is known (patent WO2011/0725486) with a lower liquidus tempera-
ture, containing, in %uwt:

KF - 10-50,

NaF - 0-35,

LiF - 0-3,

AlQOs - 2-6,

CaFz - 0-5,

MgF2 - 0-3,

AlFs and admixtures — remainder.

It follows from the patent specification that the liquidus temperature of the elec-
trolyte is 560-800°C and at 700-800°C, the solubility of alumina in said electrolyte is
equal to 3-8%, while the density is 1.8-2.1 g/lcm3. The electrolysis temperature for this
electrolyte can be reduced to 690-850°C. One drawback of the known electrolyte is the
high content of potassium fluoride, which does not allow carbon electrode materials to
be used, due to their destruction as a result of introducing potassium into the structure
of the carbon materials. In addition, a drawback of the known electrolyte is its high elec-
trical conductivity due to the low content of sodium and lithium fluorides at a low elec-

trolysis temperature. This leads to an increase in electrolyzer voltage and does not



348549

3

allow the efficiency of electrolyzers to be improved, compared with modern electrolyzers

with an electrolysis temperature of about 950°C.

CN101386996A describes an electrolyte for aluminum electrolysis, comprising:
NaF 38-51 wt%
LIF  0-8wt%
CaF2 2-5wt%
Al20s 2-3 wt%, and
AlF3 60-47 wt%
Additionally, the electrolyte comprises
NaCl 1-8 wt%
MgF2 0-5 wt%
LiCl  0-3 wt%, and
MgCl2 0-3 wt%.

An electrolyte was selected (from patent CN1896329) as the closest analogue (a
prototype) for obtaining aluminum by electrolysis, said electrolyte containing, in %wt:

AlFs - 5-30,

LiF - 2—40,

CaFz - 2-6,

MgF2 -2-8,

KF - 2-10,

AlO3 -2-2.5,

NaszAlFs - remainder.

The liquidus temperature of the electrolyte based on the prototype is 800-850°C,
while the density and electrical conductivity are 1.8-2.1 g/cm?3 and 3-4 Q-'cm-!, respec-
tively. A drawback of the prototype electrolyte is the high content of lithium and magne-
sium fluorides, which severely reduces the solubility of alumina in the electrolyte. Alumi-
num oxide content in this electrolyte is therefore limited to 2-2.5%wt. Because of the re-
duced solubility of alumina, its rate of solution is also reduced, and since the aluminum
is obtained by the decomposition of dissolved alumina, this necessarily demands a re-
duction in electrolyzer productivity. In addition, reducing the solubility and solution rate

of alumina in the electrolyte increases the rate of precipitation for undissolved alumina
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at the bottom of the electrolyzer, while a high lithium content leads to the aluminum be-
ing significantly contaminated with lithium, which requires the application of special

methods to purify the metal obtained.

The principal trait of the prototype and of the electrolyte being proposed here is
the reduction in liquidus temperature by modifying the electrolyte composition using the
additives KF, LiF, and CaFa.

The task of the invention is the increase productivity and to reduce the cost price

of obtaining aluminum at an electrolysis temperature of 830-930°C.

The technical result is an increase in alumina solubility in the electrolyte at the
temperature of 830-930°C. In the electrolyte being applied for, the carbon and inert
electrode materials are not destroyed, and the use of special methods is not required to

purify the aluminum of melt components.

The problem posed is solved, in that the electrolyte for obtaining aluminum by the elec-
trolysis of melts containing sodium fluoride, potassium fluoride, lithium fluoride, calcium
fluoride, alumina, aluminum fluoride, and admixtures, characterized in that it contains
components in the following quantitative proportions, in % by weight:

NaF - 26-43,

KF -up to 12,

LiF -up to 5,

CaF2z - 2-6,

AlQOs - 2-6,

AlFs and admixtures — remainder,
wherein the the electrolyte has an alumina solubility of about 5 wt% to 7,5 wt% at a
temperature of 830-930 °C, has a liquidus temperature of 750-900 °C, and has a spe-
cific electrical conductivity of about 1,7 Q'cm' to 2.0 Q-'cm-" at a temperature of 830-
930 °C.

The essence of the proposed solution is as follows.

348549
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Use of an electrolyte with a reduced liquidus temperature at an electrolysis tem-
perature of 830-930°C allows productivity to be increased in the process of obtaining
aluminum by the electrolysis of molten salts and the cost price of obtaining aluminum to

be reduced.

Sodium fluoride and aluminum fluoride are the principal components of the elec-
trolyte. At a NaF content of less than 26%uwut, the electrical conductivity of solubility of
alumina is significantly reduced. A content of more than 43%wt NaF does not allow the

electrolysis temperature to be reduced to less than 930°C.

Lowering the liquidus temperature is also achieved by introducing the additives
KF, LiF, and CaF2. All these additives, other than KF, cause a reduction in the solubility
of aluminum oxide in the melt. At the same time, the electrical conductivity of the elec-
trolyte is reduced by introducing potassium fluoride, and the destruction of carbon mate-
rials is accelerated as a result of introducing potassium into their structure. Decreasing
the electrolyte temperature also leads to a decrease in alumina solubility. Therefore,
the lower the electrolyte temperature, the greater the content of potassium fluoride must
be. However, with a content of KF greater than 12%wt, deformation and destruction of
carbon anodes and cathodes occurs, due to introducing potassium into them, and the

electrical conductivity of the electrolyte is substantially reduced in addition.

A LiF additive is used to increase the electrical conductivity of the electrolyte and
simultaneously decrease the liquidus temperature. But at a LiF content of more than
5%uwt (up to 40%uwt in the prototype) and an electrolyte temperature of less than 930°C,
the solubility of the alumina in the melt is substantially reduced. In addition, lithium
concentration in the aluminum rises with a lithium content of more than 5%uwt, which re-
quires the application of special methods to purify the metal obtained. Otherwise prob-
lems arise during its processing, for example during the manufacture of aluminum foil

[B.J. Welch et. al., Aluminium smelter technology: theory and practice].

A content of 2-6%wt calcium fluoride cannot be avoided, due to the input of cal-
cium into the electrolyte in the alumina composition. The additional introduction of cal-
cium fluoride above that of background leads to a decrease in alumina solubility and the

electrical conductivity of the melt.



Magnesium fluoride alters the properties of the electrolyte analogously to calcium
fluoride, but the background content of magnesium fluoride here is considerably lower
and may therefore pertain to admixture contamination of the melt. The additional intro-
duction of magnesium fluoride (2-8%uwt in the prototype) leads, as in the case of calcium

fluoride, to a decrease in alumina solubility and in electrical conductivity of the melt.

With low alumina solubility in the electrolyte (not more than 4-5%uwt in the proto-
type) and high anode current density (0.8 A/lcm? or more), the concentration of alumina
dissolved in the melt can be less than 2%wt. Then the deficit in oxygen-bearing ions
rises at the surface of the anodes, and the decomposition of the fluoride components of
the electrolyte begins, which leads to an increase in electrolyzer voltage, anode degra-
dation, elevated consumption of the fluorine salts, and the evolution of deleterious fluo-
rine-bearing gases. At a concentration higher than 6%wt, the formation of alumina pre-
cipitates is possible in the electrolyzer, which disrupts the electrolysis process techno-

logically.

The existence of a cause-and-effect relationship between the aggregate essen-
tial traits of the subject being applied for and the achievable technical result is shown in
the table:

Explanation, whereby (dis-
tinguishing traits and/or an
Type of technical Actual or calculated indices aggregate thereof) im-
result and their di- provement was possible in
mensions the indices of the proposed
Prototype Subject being applied for ;L:gstc;}bgompared with the
AlFz =30 NaF = 26 NaF =43 A decrease in the content
LiF =10 KF =12 CaF2=5 of lithium fluoride and a cor-
CaF2= 25 LiF =5 AOs =5 responding increase in total
Composition, %us MgF2=2.5 CaF2= 25 AlFs =47 content of sodium fluoride
’ KF=25 AlOs3; =25 and potassium fluoride, i.e.
AkOs; =25 AlFsz =52 components increasing the
NasAlFs - 50 (of solubility of alumina in the
these, NaF = 30) electrolyte being applied for
Liquidus tempera- 839 750 900 compared with the proto-
ture, °C type, ensure an increase in
Operating temper- 830 830 930 the solubility of alumina in
ature, °C
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alumina (at operat-
ing temperature),
Y%owt

7
Specific electrical 2.5 1.7 2.0 the electrolyte at a temper-
conductivity (at op- ature of 830-930°C.
erating tempera-
ture), O/ 'em”’
Solubility of 2.3 5.2 7.5

Thus, the invention allows, at a temperature of 830-930°C, the solubility of alu-

mina in the electrolyte to be increased up to 5%wt or more and, consequently, allows

the productivity of electrolyzers operating at an electrolysis temperature of 830-930°C to

be increased. In addition, the invention allows aluminum to be obtained which is not

contaminated with lithium and which does not require the application of special purifica-

tion methods. Consequently, the invention allows the cost price of obtaining aluminum

to be reduced.
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Patent claims

1. An electrolyte for obtaining aluminum by the electrolysis of melts
containing sodium fluoride, potassium fluoride, lithium fluoride, calcium
fluoride, alumina, aluminum fluoride, and admixtures, characterized in
that it contains components in the following quantitative proportions, in %
by weight:

NaF - 26-43,

KF - up to 12,

LiF -up to 5,

CaF2z - 2-6,

Al2Os - 2-6,

AlFs and admixtures — remainder,

wherein the the electrolyte has an alumina solubility of about 5 wt% to 7.5 wt%

at a temperature of 830-930 °C. has a liquidus temperature of 750-900 °C, and

has a specific electrical conductivity of about 1.7 Q-'cm™' t0 2.0 Q-'cm' at a
temperature of 830-930 °C.
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PATENTKRAV

1.

En elektrolytt for a erholde aluminium ved elektrolyse av smelter
inneholdende natrium fluorid, kalium fluorid, litium fluorid, kalsium fluorid,
alumina, aluminium fluorid og tilsatser, karakterisert ved at den
inneholder komponenter i falgende kvantitative andeler i masse-%:

NaF 26-43,

KF  opptil 12,

LiIF  opp til 5,

CaF2 2-6,

AlOs 2-6,

AlF3 og tilslag — resten

hvor elektrolytten en alumina-laselighet pa ca. 5 masse-% til 7,5 masse-
% ved en temperatur pa 830-930 °C, en likvidustemperatur pa 750-900
°C, og har en spesifikk elektrisk ledningsevne pa ca. 1,7 Q'cm' til 2.0 Q-

'em™! ved en temperatur pa 830-930 °C.
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