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Abstract. The paper aims to study the physicochemical parameters of a hydrochemical technology employing hydro-
fluoric acid and local mineral resources (sodium chloride) to obtain cryolite used in the electrolysis of cryolite-alumina
melts. In order to determine the elemental chemical and phase compositions of initial, intermediate, and final products,
titration and X-ray diffraction analysis (using an upgraded Dron-2 unit) were employed. The conducted studies indicate
that the proposed process of cryolite production from hydrofluoric acid at 28—-30% concentration using aluminium hydrox-
ide and a concentrated sodium chloride solution occurs at 25°C for 10-15 min. The yield of cryolite reaches 87.6%, while
~12% of cryolite remains dissolved in the hydrochloric acid solution. With the temperature rising from 25°C to 95°C, the
cryolite yield is shown to decrease from 87.6% to 69.3% due to its higher solubility in the formed hydrochloric acid. The
cryolite production process was validated via X-ray diffraction analysis. The analysed sample was found to be consistent
with the cryolite reference, i.e., indicating an interaction between sodium chloride and fluoroaluminic acid. The conducted
studies served as a basis for developing a process flow diagram of hydrochemical cryolite production using hydrofluoric
acid, aluminium hydroxide, and sodium chloride. The conducted studies revealed that the technology of cryolite produc-
tion employing sodium chloride is easy to implement and cost-effective due to the use of local mineral resources and low
energy consumption.
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Pe3stome. Llenb — n3yveHne pu3nko-xMMmyeckux napameTpoB TEXHOMOMM NPOU3BOACTBA KPMONUTA, UCNONb3YEMOro
MPU 3NEKTPONM3E KPUOMWT-FIIMHO3EMHbBIX PacnaBoB, MAPOXMMWNYECKMM CNOCOBOM C MPUMEHEHWEM MPOM3BOAMMOMN
MaBWUKOBOMN KUCINOTLI U MECTHOrO MUHEPANbHOIO Chipbsl — XNOpUAa HaTpus. YNoTpebneHsl TUTPUMETPUYECKUA U PEHT-
FEHOCTPYKTYPHbIA (C UCNONb30BaHMEM MOAEPHWU3MPOBAHHOW YCTaHOBKM [JpOH-2) MeToAbl aHanusa ¢ Lenblo onpeaene-
HUS XMMUYECKOTO 3IEMEHTHOTO U (ha3oBOro COCTABOB MCXOLHOMO, MPOMEXYTOYHOTO M KOHEYHOrO MPOAYyKTOB. [poBe-
[EHHble uccnegoBaHWs Nokasanu, YTo NPOLECC NOMyYeHUs KpuonuTa npeanaraeMelM cnocobom M3 NnaBMKOBOW KMUCHO-
Tl 28-30% KOHUEHTpPaLUMM C UCMONb30BaHWEM TMAPOKCMAA anmiOMUHWS U KOHLEHTPUPOBAHHOTO pactBopa xropuaa
HaTpusa npoTtekaeT npu Temnepatype 25°C B TedeHne 10-15 muH. Mpu atom Beixog kpuonuta gocturaet 87,6%, a ~
12% Kkpuonuta ocTaeTcs B pacTBOPE COMSIHOW KUCMOTLI B PaCTBOPEHHOM BuzAe. [okasaHo, YTo C NOBLILIEHNEM TEMNEP a-
Typbl B uHTepBane ot 25°C po 95°C HabnogaeTca CHWXeHue Bbixogda kpuonuta ¢ 87,6% po 69,3%, cBA3aHHOe C NOBbi-
LIeHMeM ero pacTBOPUMOCTM B 0Bpasyloliencs CONsHON KucnoTe. [JoCTOBEPHOCTb MPOTEKaHUs npouecca NoslyvyeHus
KpuonuTa ¢ NPUMEHEHWEM NOBAPEHHOW CONMU NOATBEPXAEHA pe3ynbTaTamMu peHTreHo(a3oBoro aHanmusa. YCTaHOBIEHO,
4TO aHanuampyemas npoba COOTBETCTBYET 3TaNIOHy KPUONWUTA, CBUAETENbCTBYS O B3aUMOAENCTBUM Xnopuaa HaTpus u
(bTopantomMmHnEBON KMCNOTLI. Ha OCHOBE NpoBEAEHHbIX UccnegoBaHuii beina paspaboTaHa npUHUMNKUANbHAsS TEXHONMO-
rmyeckas cxema MpoM3BOACTBA KPMONUTA TMAPOXMMUYECKUM CNOCOOOM C NPUMEHEHWEM MNABMKOBOWM KUCNOTHI, MMAPOK-
cv4a anoMUHUS U NOBapeHHON conu. B pesynbTate npoBedeHHbIX UCCIEA0BaHUIA YCTAHOBIIEHO, YTO TEXHOMOMMS Mony-
YEHMS KPUOMWTA C NPUMEHEHMEM MOBAPEHHON COMW NPOCTa B OCYLLECTBIIEHUM U SKOHOMUYECKM SDCEKTUBHA 3a CHET
MCNOMb30BaHNS MECTHOTO MUHEPANBHOTO ChiPbS M Mano SHepro3aTpaTHOCTU NPOVN3BOACTBA.

Knroyeenbie cnosa: npon3BoACTBO aNtOMWUHUSA, KPUOMNWT, TMAPOKCUA amiOMUHWS, XTTOPWE HaTpuUs, 3MNeKTponuT, nna-
BUKOBas KMCMOTa

Ana yumupoearus: Cadues X., HaumoB H. A., PyaueB [x. P., Axmagwoes W. L., Ixypakynos A. M., Mypoauén A.,
HemunHoBa H. B. ®u3nko-xmmuyeckne acnekTbl TEXHOMOMMKU MOMYYEHUS KPUOUTA, UCMONb3YEMOro Ans NPOM3BOACTBA
aNMoOMWUHKUS, TMAPOXUMUYECKMM Cnocobom ¢ Mcnonb3oBaHWeM noBapeHHow comu // iPolytech Journal. 2022. T. 26. Ne 2.
C. 348-356 (In Eng.). https://doi.org/10.21285/1814-3520-2022-2-348-356.

INTRODUCTION nearly 70 million tonnes of aluminium. For over

Aluminium is one of the world’s most in- 120 years, it has been produced using the Hall-
demand metals. Due to its low density and high  Héroult process®
strength, aluminium is widely used in construc-  [1-12].

tion, as well as in the manufacture of car parts,
aircraft, etc., which results in an annual output of

The electrolyte in electrolyzers used for alu-
minium production performs several essential
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functions such as charge transfer, dissolution,
and mass transfer of electrode products. The
proper performance of these functions depends
solely on physicochemical properties, namely
electrical conductance, viscosity, vapour pres-
sure, solidus and liquidus temperatures, density,
surface tension, the solubility and dissolution
rate of aluminium oxide, carbon oxide, and vari-
ous compounds, as well as the following operat-
ing parameters: temperature, current density,
anode-cathode distance, etc. The electrolyte
affects the current output and cell voltage, which
determine the specific energy consumption and
the overall cost of aluminium [13-20].

Fluoride salts — cryolite and aluminium fluo-
ride — constitute essential electrolyte compo-
nents. Since natural cryolite is rare, it is pro-
duced synthetically from fluorite to meet the
needs of the aluminium industry [21-25].

SUBJECT MATTER OF THE STUDY

In Tajikistan, hydrofluoric acid is currently
produced from local minerals (fluorspar) by
TALCO Chemical, which is used to obtain cryo-
lite employing imported aluminium and sodium
hydroxides [26].

At this plant, along with concentrated hydro-
fluoric acid, acid at 30% concentration is pro-

ISSN 2782-6341 (online)

duced during the sulphatisation of fluorite. Thus,
the hydrochemical production of cryolite using
hydrofluoric acid at 30% and sodium chloride
was studied.

Under laboratory conditions, parameters for
processing hydrofluoric acid at 28—-30% concen-
tration using aluminium hydroxide to produce
fluoroaluminic acid were determined as per the
following equation:

6HF + Al(OH)3 = H3A|F6 + 3H20 (1)

The resulting fluoroaluminic acid was treated
with sodium chloride to produce cryolite
according to the reaction equation:

HsAlIFs + 3NaCl = NasAlFg + 3HCI. (2)

The main parameters in the production of
fluoroaluminic acid include temperature and
process duration.

The temperature dependence of the fluoro-
aluminic acid yield was investigated within a
temperature range of 25°C to 95°C at a constant
process duration of 10 min. Within this
temperature range, a yield reduction from 97.5%
to 74.8% was observed (fig. 1 a).

HAIF,, % HAIF,, %

4 4
100 4 97.5 968 100 973 968

d.1 86,7
843 80.1
S0 + 748 80 69.5
60 o 60
40 9 40
2(' L 2"
0 0 >
0 25 45 65 85 95 t,°C 0 5 15 25 35 45 T, min

a

b

Fig. 1. Dependence of the fluoroaluminic acid yield on temperature (a) and process duration (b)
Puc. 1. 3asucumocms ebixoda hmopantoMuHue8ol Kuciomsl om memnepamypsl (a) u npodomkumensHocmu npoyecca (bh)

It can be seen in fig. 1 a that the yield of fluoroaluminic acid decreases at higher process

8Zelberg B. I., Ragozin L. V., Barantsev A. G., Yasevich O. I., Grigoriev V. G., Baranov A. N. Metallurgist's Handbook.
Production of aluminum and alloys based on it. St. Petersburg: MANEB; 2013, 143 p. / 3enbbepr b. W., Parosux J1. B.,
bapaHues A. I, Acesuu O. W., INpuropees B. I'., bapanos A. H. CnpaBoyHuk metannypra. [lpon3BoacTBO anioMUHUS 1
cnnaeoB Ha ero ocHoBe. Cl16.: MAH3B, 2013. 143 c.
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temperatures, which can be attributed to the
partial evaporation of hydrofluoric acid.
Hydrofluoric acid starts to evaporate from the
solution at 50-60°C, with the process
intensifying at temperatures above 95°C.

Fig. 1 b shows the dependence between the
yield of fluoroaluminic acid and the process
duration. With the process duration varying from
5 to 45 min, a decrease in the yield of fluoro-
aluminic acid from 97.3% to 69.5% is observed.

The exothermic reaction between aluminium
hydroxide and hydrofluoric acid exhibits a
reduction in the yield of fluoroaluminic acid as
the temperature reaches 60°C or higher due to

the  evaporation of  hydrofluoric  and
fluoroaluminic acids.
Thus, the rational parameters  of

fluoroaluminic acid production via the interaction
of hydrofluoric acid and aluminium hydroxide are
as follows: initial temperature of 25-40°C;
duration of 10-15 min.

Experiments were carried out to produce
cryolite through the interaction of a fluoroalu-
minic acid solution with a 25% sodium chloride
solution in a stoichiometric ratio according to (2).

The interaction of fluoroaluminic acid with so-
dium chloride produces hydrochloric acid, whose
concentration amounts to 10-12%.
Of note is that hydrochloric acid comprises
from 10% to 27% of produced cryolite in dis-
solved state.

The temperature dependence of cryolite

NaAlE, %
E )

100
87.6 85.1

a 80,3
73.2 693

80
60

40

Na

100

850

60

40

20

yield was also studied (fig. 2 a) at a constant
process duration of 10 min. Here, with a tem-
perature increase from 25°C to 95°C, a reduc-
tion in the cryolite yield from 87.6% to 69.3% is
observed.

With rising temperature (see fig. 2 a), the
yield of cryolite decreases due to its higher sol-
ubility in hydrochloric acid formed in (2).

The dependence of the cryolite yield on pro-
cess duration was also examined. With the in-
teraction time of reactants increasing from 10 to
50 min, a reduction in the cryolite yield from
87.6% to 82.1% is observed (see fig. 2 b). At a
longer process duration, a slight decrease in the
cryolite yield is clearly also attributable to the
dissolution of cryolite in the hydrochloric acid.

Thus, the following rational parameters for
hydrochemical cryolite production from hydroflu-
oric acid using aluminium hydroxide and sodium
chloride are determined: temperature — 25°C;
duration — 10-15 min; concentration of sodium
chloride solution — 25%. Under these conditions,
the yield of cryolite reaches 87.6%, while ~12%
of cryolite remains dissolved in hydrochloric acid.

Of note is that the used hydrofluoric acid so-
lution contains up to 1.5% of hexafluorosilicic
acid that reacts with the aluminium hydroxide to
produce silica gel and an aluminium fluoride so-
lution. Following the separation of silica gel via
filtration, the aluminium fluoride remains in the
solution.

AIF,, %
a

87.¢ " 3
.0 85.1 83.4 84.2 82.1

y

45 65 85

a

>
95 t,°C

10 20 30 40 50 T, min

b

Fig. 2. Dependence of the cryolite yield on temperature (a) and process duration (b)
Puc. 2. 3asucumocms ebixo0da Kpuosuma om memnepamypsl (a) u npodomxkumensHocmu npouyecca (b)
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Fig. 3. XRD pattern of synthetic cryolite obtained using sodium chloride
(upper graph —analysed sample; lower reference graph - cryolite)
Puc. 3. PeHmeeHo2paMmMa CUHmMemu4ecKo20 Kpuosuma, nosy4eHHo20 ¢ ucnosib3o8aHuem xsiopuda Hampusi
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Fig. 4. Process flow diagram for the production of cryolite using sodium chloride
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In order to validate the cryolite production
process that employs sodium chloride, an X-ray
diffraction (XRD) analysis was performed using
an upgraded Dron-2 unit (fig. 3).

The obtained XRD pattern shows that the
analysed sample (upper graph) is consistent
with the reference sample (lower graph), which
confirms the interaction between sodium chlo-
ride and fluoroaluminic acid resulting in the for-
mation of cryolite.

Thus, the conducted studies served as a ba-
sis for developing a process flow diagram of hy-
drochemical cryolite production using hydrofluor-
ic acid, aluminium hydroxide, and sodium chlo-
ride (fig. 4).

According to the provided process flow dia-
gram, the first step involves the decomposition
of aluminium hydroxide with hydrofluoric acid to
obtain fluoroaluminic acid; the process occurs at
25-30°C for 10-15 min. Then, a 25% sodium

chloride solution is prepared followed by the de-
composition of fluoroaluminic acid at room tem-
perature for 15-20 min. The resulting slurry is
separated via filtration, while the solids are
dried.

The liquid part comprising 10-12% HCI and
12% NasAlFg in dissolved form can be directly
applied as an acidic composition to treat the bot-
tom-hole zone of hot water reservoirs. Cryolite
used in the electrolytic production of aluminium
is obtained by evaporating the solution, while
acid vapours condense or are absorbed by wa-
ter to produce commercial hydrochloric acid.

CONCLUSION

The conducted studies revealed that the
technology of cryolite production using sodium
chloride is easy to implement and cost-effective
due to the use of local mineral resources and
low energy consumption.
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