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Abstract. The Republic of Uzbekistan is rich in mineral ore resources and possesses significant scientific,
technological, and industrial potential. Maximizing the utilization of these material and intellectual
resources is a crucial task facing the mining and metallurgical sector and the scientific community of the
republic. The Republic of Uzbekistan possesses sufficient reserves of aluminum-containing raw
materials, which are currently utilized in the construction, chemical, and glass industries. However, these
resources can and should be complemented by developing, testing, and implementing technology for
obtaining metallic aluminum. This initiative would contribute to the creation of a new economic sector -
aluminum electrometallurgy based on local raw materials.
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Annomayun. Pecnybnuxka Y30exkucman 6ocama MuHepaibHO-pyOHLIMU —pecypcamu, obaadaem
3HAYUMENbHbIM — HAYYHO-MEXHUYECKUM U  NPOU3B0OCMBEHHbIM — nomeHyuaiom. Makcumanvroe
UCNONL306AHUE IMUX MAMEPUATLHBIX U UHMELIEKMYAIbHbIX PeCyPCO8 ABIAemcs 8axcheliuell 3adayetl,
cmosawell neped 20pHO-MEMAaNLyPeUYecKUM KOMNIEKCOM U HAYYHBIM COOOWecmeom pecnyoIuKu.
Pecnybnuxa Y3zbexucman pacnonacaem 00cmamouHbiMu 3anacami AiOMUHUTICOOEPAHCAUE2O ChIPbS,
Komopoe 6 Hacmosujee 8pems UCHONb3Yemcs 6 CMPOUMeNbHoll, XUMUYECKOU U CMeKOIbHOU
npomvlutiennocmu. QOHaAKo dmu pecypcbl. Mo2ym U OO0JJICHbL OblMb OONOJIHEHbL Pa3pabomKol,
ucnvlmanuem u HeOpeHuemM MmexHoI02Ull NOYYEeHUs MEMALIUYECKO20 ANtOMUHUA. [laHnas unuyuamuea
Oyoem cnocobcmeosams cO30aHUIO HOBOU OMPACU IKOHOMUKU - DJIeKMPOMEMATYPUL ATIOMUHUSL HA
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Annotatsiya. O zbekiston Respublikasi mineral-ruda resurslariga boy, katta ilmiy-texnologik va sanoat
salohiyatiga ega. Moddiy va intellektual resurslardan maksimal darajada foydalanish kon-metallurgiya
tarmog ‘i va respublika ilmiy jamoatchiligi oldida turgan muhim vazifadir. O ‘zbekiston Respublikasida
alyuminiy tarkibli xomashyo zaxiralari yetarli bo ‘lib, ular hozirgi kunda qurilish, kimyo va shisha
sanoatida ishlatilmoqda. Biroq, bu resurslar alyuminiy metalini olish texnologiyasini ishlab chigish,
sinovdan o ‘tkazish va amalga oshirish orqali to ldirilishi mumkin va kerak. Ushbu tashabbus
igtisodiyotning yangi tarmog‘i - mahalliy xomashyo asosida alyuminiy elektrometallurgiyasini
yaratishga yordam beradi.

Kalit so‘zlar: Alyuminiy ishlab chiqgarish, Elektrometallurgiya, Glinozyomni gayta ishlash, Kaolinni
boyitish, Alyuminiy gazib olish, Boksit va alunit konlari, Sulfat kislota usuli, Ammoniy ftorid bilan gayta

ishlash, O zbekiston mineral resurslari.

Introduction. The task of developing
Uzbekistan's aluminum industry necessitates the
creation of a raw material base for alumina
production that meets the requirements of GOST
30558-2017, as well as energy and technological
capacities for aluminum electrometallurgy. In the
republic, deposits of bauxite, alunite, and nepheline
raw materials, kaolin, clay, and coal ash have been
explored and are partially being developed. The
possibility of using Uzbekistan's kaolins as raw
material for the production of metallurgical alumina
has long been known, as have the methods for
processing them.

In the 1960s-1980s, systematic research on
processing Angren kaolins for metallurgical-grade
alumina was conducted at the Academy of Sciences
of the Uzbek SSR (Institute of General and
Inorganic Chemistry, laboratory of Prof. Kh.R.
Ismatov), in collaboration with colleagues from
VAMI (All-Union Aluminum and Magnesium
Institute) and the A.A. Baikov Institute of
Metallurgy of the USSR Academy of Sciences. This
research culminated in successful industrial trials of

a nitric acid method for processing high-silica raw
materials from Uzbekistan into metallurgical-grade
alumina and other products. Unfortunately, these
developments were not utilized, and the direction of
industrial production of raw materials for aluminum
electrometallurgy was discontinued, resulting in the
loss of personnel, technologies, and research
infrastructure.

Aluminum in the world and Uzbekistan.
Review of information on aluminum-containing
raw materials and electrometallurgy of aluminum.

Analysis of international scientific and
practical experience in the field of metallic
aluminum production technology.

The traditional or “classical” method of
obtaining metallic aluminum - electrolytic cathodic
reduction in a molten cryolite-alumina electrolyte
(Hall-Héroult process) - has been known for about
100 years. Its technical characteristics are as
follows:

1. High specific energy consumption (about
15 kWh/kg of Al).

2. Low energy efficiency, typically not
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exceeding 45%.

3. Low productivity per unit area of cathode
and volume of electrolyzer: up to 1 kg/m?.

4. Relatively large dimensions of the
apparatus.

5. Environmental problems, high cost: up to
USD 1500 (2008).

6. Feeding the electrolyzer with high-quality
raw materials (alumina, carbon). High demand for
aluminum has driven the growth of its production.

TR ._._.

Fig.1. View of an electrolytic cell with prebaked
anodes.
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The distinctive features of the classical
method are as follows:

- it occurs in a molten cryolite electrolyte with
dissolved alumina, at a temperature of 950°C and
above;

- CO and CO: are released at the carbon
anode, while aluminum is produced at the cathode.

- the overall reaction can be expressed as:

1/, AL,05+3/,mc=A1+3/,2-1/

mCO, + 11/, (1/m - 1)co (1)

A diagram of an electrolyzer with prebaked
carbon anodes is shown in Fig. 1.

Aluminum-containing mineral raw materials
characteristic of Uzbekistan: kaolins, alunites, and
others. Methods of processing these materials into
alumina.

In Uzbekistan, 156 deposits of kaolin clays
have been recorded, with industrial reserves of
405.0 million m3,

Kaolin is a white clay composed of the
mineral kaolinite. Within the territory of the
republic, there are varieties of kaolin, including
kaolin agalmatolite from the Aktash deposit, which
can be used for manufacturing fine ceramics. The
exploration of new kaolin deposits with higher
quality and improved physical, technical, and
technological characteristics, as well as the deve-
lopment of enrichment technologies and cons-
truction of kaolin processing plants, remain relevant
issues to this day.

Uzbekistan has 77 kaolin deposits, 22 of
which are located in the Zarafshan Valley. The
largest kaolin deposit is the Angren deposit, which
ranks second in the CIS with total kaolin reserves of
394 million tons.

Kaolin deposits have been discovered in the
Zarafshan oasis and the Kyzylkum Desert, with the
Karnab, Alyans, Zakhkuduk, Urozali, and Altyntau

Table 1

Chemical composition of Uzbekistan kaolins, unfired samples

. Place of origin or birthplace
Cheml_c '?I Western
composition | Angren | Alliance Karnab Altyntau | Zakhkuduk . Harvests
Auminzata

Si0; 6172 | 5402 | 62,76-8091 @ 58,55 %%,T?_ 69,33 64,65
Al,03 24,11 30,45 24,9-27,94 20,1 21,04-25,0 19,2 21,38
TiO; 0,41 0,54 0,11-0,54 <0,30 0,26-1,02 0,12 0,73
Fe,O3 1,64 0,54 0,45 1,94 0,27-1,1 1,14 0,96
CaOo 0,20 0,48 0,3-6,03 3,20 0,04-0,7 - -
MnO - 0,02 - - - - -
MgO 0,05 0,49 0,3-1,1 1,71 0,0-0,42 - -
Na,O 1,06 0,19 0,11-0,28 2,44 0,0-0,5 0,93 0,26
K20 - 1,48 1,17-6 2,69 0,0-0,5 1,7 1,39
FeO - 0,26 2,35 - up to 0.08 - -
SOs - 0,21 - 1,04 0,0-0,23 - -
P,0s - - - <0,5 - - -
p.p.p. 10,79 11,1 2,98-9, 7,95 8,06-9,65 7,47 7,5
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deposits being of particular importance.

According to available data, Western
Uzbekistan contains several promising kaolin
deposits with the following reserves:

- in the southeast of the Altyntau Range: 5,403
thousand tons;

- in the northwest of the Altyntau Range:
4,048.5 thousand tons;

- at the Zakhkuduk deposit: 123.75 million
tons;

- at the Orozali deposit: 5,000 thousand tons;

- at the Alyans deposit: 1,352 thousand tons,
potential - 3.7 million tons;

- at the Karnab deposit: 1,796 thousand tons,
in its eastern part: 576 million tons;

- in Angren (hydroelectric power plant): the
total volume of ash and slag amounts to 15 million
tonnes.

Other minerals of Uzbekistan are also
potential raw materials for the industrial production
of aluminum.

Muscovite is a mineral of the hydrous
aluminosilicate class, belonging to the mica group,
specifically a potassium mica.

Sulfuric acid method. The sulfuric acid
decomposition of kaolins has been well studied. The
research was conducted both for the purpose of
obtaining aluminum sulfate and alumina. The
essence of the method consisted of treating clay
calcined at 700-800°C with a sulfuric acid solution
at 100-110°C for 1 hour. Sulfates of aluminum and
iron formed in the solution. Iron removal was
carried out by crystallization of alum, after
preliminary reduction of trivalent iron to divalent.
The method proposed by Yamasaki differed from
those described in that the productive solution was
treated with potassium sulfate to precipitate
potassium aluminum alum. Aluminum hydroxide
was separated from the alum solution using
ammonia. The extraction rate is 90%.

Conducting laboratory research and develop-
ment to create a technology for enriching
aluminum-containing raw materials and
subsequently  producing metallic  aluminum,
including studies on local mineral aluminum-
containing raw material samples to enrich them to
the level required for cryolite-alumina electrolyte
(melt) used in aluminum electrometallurgy
(targeting a directive indicator of aluminum oxide

(Al203) content in alumina concentrate no less than
98.7%, in accordance with GOST 30558-2017
“Metallurgical Alumina. Technical
Specifications”).

Kaolin samples were crushed (to 100 mm),
then ground to 0.074 um. After moistening to 25%
of the sample weight, the kaolin samples were
placed on trays, which were then put in a sealed
container for radiation treatment with pulsed
functional ceramic (PFC) emitters tuned to emit
electromagnetic waves in the range of 3.3-9.6 um.
The processing time was 0.5-1 hour, with the
temperature inside the container varying from
150°C to 180°C. After opening the container and
cooling to 40-60°C, water was added to the sample
at a ratio of 35-45% solids, and the mixture was
loaded into a scrubber-trommel with sieve sizes of
1.5mm - 0.5 mm - 0.2 mm. During separation, water
was supplied to the sieves under pressure, with the
final solid-to-liquid ratio of 1:3. The resulting pulp
was then subjected to hydrocyclone treatment using
a cyclone battery with a diameter of 75-50 mm. The
analysis of the hydrocyclone overflow is presented
below (Table 2).

The conducted research demonstrated high
effectiveness in treating kaolin with pulsed
functional ceramics (PFC) radiation. At the first
stage of separation using a scrubber-trommel,
concentrates containing 32% Al.O3 were obtained,
with subsequent hydrocycloning increasing the
Al>O3 content to 36-38%.

Conducting test laboratory studies on the
processing of kaolin concentrates using ammonium
fluoride. Reagents and materials used:

1. Ammonium fluoride according to GOST
4518-75;

2. Aqueous ammonia solution;

3. Distilled water;

4. "Chemapol" litmus paper;

5. "Blue Ribbon" ash-free filter papers;

6. Glassware and instruments;

7. Analytical balance;

8. Biichner funnel;

9. Experimental setup (Figure 1);

10. Porcelain dishes;

11. Round-bottom flasks with volumes of 1
and 2 liters.

Kaolinite is a finely dispersed clay rock
consisting of aluminum oxide, silicon oxide, and
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water (Al2O3 - 39.594%, SiO; - 46.5494%, H,0 -
13.9694% by mass). In dehydrated kaolinite, Al>Os
has a content of 45.91%, SiO> - 54.09%. The basis
of kaolin concentrates is silicon and aluminum
oxides. We have proposed a method for isolating
silicon oxide from kaolin concentrate using
ammonium fluoride, and for removing iron
impurities after the removal of silicon oxide by acid
treatment.

Table 2
Chemical compositions and enrichment results of
initial kaolin samples from deposits in Uzbekistan

Place of origin or birthplace
C}g;?:al sétzg::ieanry Alliance Erimary Altyntau primary
pounds kaolin Kaolin kaolin
before after before after before after
Si0, | 7117 | 56,69 %207961 5196 | 6855 | 5355
ALO; | 243 | 364 | 49 372 | 201 36,60
! ! 17,94 ! ' !
TiO2 0,69 0,49 [0,11-0,54 0,43 <0,30 0,77
Fe20s3 2,2 1.2 0,45 1,36 1,94 0,56
CaO 0,39 0,27 |0,3-6,03 0,46 3,20 0,21
MnO - - - - - -
MgO 0,39 019 | 03-11 0,3-1,1 1,71 0,71
Na.0 0,48 0,35 [0,11-0,28 |0,11-0,28 | 2,44 0,81
K20 43 2,05 1,17-6 2,35 2,69 1,69
FeO - - - - - -
SO3 1,04
P20s - - - - <0,5 -
p.p.p. 7,16 10,0 | 2,989 11,4 7,95 115

Equipment, assembly, and adjustment of the
laboratory setup. The laboratory setup consists of a
cylinder with a diameter of 220 mm and a height of
H=520 mm, equipped for heating samples. The
setup has three compartments (see Figures 2 and 3).
In the lower part of the setup, we place the
investigated charge, which has been previously
homogenized with ammonium fluoride in a
stoichiometric ratio to the silicon dioxide content
according to sample analyses. The two upper,
cooled compartments are designed for collecting
silicon hexafluoride, which sublimes and separates
during the sublimation process from the charge. The
laboratory setup is also equipped with a system for
capturing ammonia gases and water vapor, which
are formed during the reaction (Fig. 2,3).

Procedure: A 100g sample of kaolin
concentrate, which has undergone the charge
preparation stage, is homogenized with ammonium
fluoride in a stoichiometric ratio relative to the
silicon oxide content and placed in the apparatus
shown in Figure 2. At the beginning of the process,
the furnace temperature is maintained at 140-150°C

for 3 hours, then raised to 350-370°C and held at this
temperature for 1 hour. Temperature measurement
is carried out using a thermocouple. The apparatus
includes a system of traps and condensers. The
condenser for collecting ammonium
hexafluorosilicate (NH4) 2SiFe is equipped with a
special partition to prevent the ammonium
hexafluorosilicate from falling into the desilicated
product. The temperature in the condenser was
maintained at 250-300°C, while in the condensing
unit it ranged from 220°C to room temperature (Fig.
3).

\
|| LL 6
7
\ 5
| 1 - test sample
2 - metal cup
3 - fumace
N f - thermocouple
3 5.6 - detection system

7 - ammonia absorber

00000000000

Fig.2. Schematic diagram of the laboratory setup
apparatus.

Fig.3. Overall view of the experimental
apparatus.

After removing silicon oxide from the kaolin
concentrate, iron is separated by magnetic
separation followed by treatment with hydrochloric
acid (10%). The remaining precipitate is either
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hexafluoroaluminate or aluminum  fluoride,
depending on the medium (oxidizing or reducing).
Processing these compounds using pyro-
hydrometallurgical methods does not present any
difficulties.

The regeneration of ammonium fluoride is
carried out as follows: using an areometer, the
density of the resulting ammonia solution is
measured, with its concentration being at the level
of 10-12%.

Ammonium hexafluorosilicate is placed in a
round-bottom flask, and a 10% ammonia solution is
added with a 20% excess over the required
stoichiometric amount according to the reaction:

(NH,),SiF¢ + 4NH,OH = 6NH,F +
6Si0, + 2H,0 2

The resulting mixture is stirred for 1 hour at
room temperature, after which the precipitate is
separated using a filter, subjected to three additional
washing cycles, and dried at a temperature of 110°C.
The process yields a highly dispersed product -
amorphous silica known as “white carbon black.”

A kaolin concentrate with the following
composition was investigated, %: 44.74 SiOy; 37.4
Al>0O3; 1.28 Ca0; 1.06 Fe203; 0.83 TiO2; 0.47 MgO;
0.37 K20; loss on ignition - 14.05. Ammonium
bifluoride NH4HF> was used as the fluorinating
reagent. To assess the possibility of these reactions
occurring - before conducting experimental work -
a thermodynamic analysis was performed. Using
tables of standard values, we determined the AG and
AH of reactions at various temperatures. The largest
negative Gibbs energy values (in absolute terms)
were obtained for the reactions of kaolinite with
ammonium bifluoride (Figure 1).

It has been established that with increasing
temperature, the Gibbs energy values of reaction
increase from AG273=144.748 to AGg73=-1663.7
kJ/mol, indicating the highest thermodynamic
probability of interaction with NHsHF2 upon
heating, primarily for kaolinite.

During the fluorination of kaolin,
following reactions occur:

- sintering reactions:

Al,05 + 6NH,HF, — 2(NH,);AIF + 3H,0 (3)

Si0, + 3NH,HF, - (NH,),SiF¢ + 2H,0 + NH; (4)

Fe,0; + 6NH,HF, — 2(NH,);FeF, + 3H,0(5)

TiO, + 3NH,HF, - (NH,),TiF¢ + 2H,0 + NH; (6)

Na,O + NH,HF, - 2NaF + H,0 + NH; (7)

the

K,0 + NH,HF, - 2KF + H,0 + NH;  (8)

MgO + NH,HF, —» MgF, + H,0 + NH; (9)

Al,0; - 2Si0, - 2H,0 + 9NH,HF — 2AIF; +
2(NH,),SiFg + 9H,0 + 5NH,4 (10)

- pyrohydrolysis reactions:

2(NH,);AIFg + 3H,0 — Al, 05 + 6NH; +

12HF (11)
2(NH,);FeFq + 3H,0 — Fe, 05 + 6NH; +
12HF (12)
- heat treatment reactions:
2(NH,)3AlFs — AlF; + 3NH,F (13)
2(NH,)s;FeFs — FeF; 4+ 3NH,F (14)
- hydrolysis reactions:
(NH,),SiF¢ + 4NH,OH - Si0, |
+6NH,F + 2H,0 (15)
(NH,),AlF, + 3NH,OH — Al(OH); +
6NH,F (16)
- reagent regeneration reactions:
2NH,F - NH,HF, + NH; (17)
NH; + 2HF — NH,HF, (18)

Sintering was carried out at a temperature of
170-220°C. Pyrohydrolysis to obtain alumina was
performed in the temperature range of 350-700°C,
while sublimation with “dry” separation of
aluminum and silicon compounds was conducted at
350-400°C. Amorphous silica was obtained by
hydrolyzing ammonium hexafluorosilicate in an
aqueous alkaline solution at temperatures ranging
from 30 to 90°C, according to the reaction at pH 8-
9. The ammonium fluoride solution was evaporated
to produce an ammonium hexafluoride melt.

Calcination of amorphous silica and alumina
was carried out in muffle electric furnaces at 700-
1100°C. Primary aluminum can be obtained from
alumina through electrolytic reduction, while
polycrystalline silicon can be produced from silica.

The additional components used are easily
recoverable without producing solid, liquid, or
gaseous waste, ensuring a closed-loop production
cycle.

Discussion of results. The degree of kaolinite
conversion, based on the volume of ammonia
released and the mass of the resulting sinter, is
95,59% and 95.88% respectively (Figure 2). This
indicates a high degree of kaolin conversion using
fluoride technology; however, the sintering was
carried out without mixing the mixture, which
apparently reduced the obtained results. The overall
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degree of SiO2 extraction from kaolin in our
experiments ranged from 84,8 to 94,8%.

SiO2 losses occur during sintering, as well as
due to incomplete sublimation and washing of
SiO2-nH20. The resulting product has a high degree
of purity (99.65%, see appendix). The extraction of
SiO2 from the sinter using the ammonia method
demonstrated the possibility of separating SiO:
from the (NH4) 2SiFs solution. The degree of Al,O3
extraction from kaolin was 84,8-94%.

Conclusion. Despite Uzbekistan's abundance
of aluminum-containing raw materials, these
resources are underutilized in  aluminum
electrometallurgy. This study examines methods for
obtaining metallurgical alumina and, ultimately,
metallic aluminum through processing local kaolin,
alunite, and other aluminum-rich minerals.

Historical research on processing kaolins with nitric
acid yielded promising results but was not scaled up
to industrial production. The traditional aluminum
production method based on the Hall-Héroult
process remains highly energy-intensive and costly.

The research focuses on innovative
processing methods such as sulfuric acid
decomposition, hydrocyclone enrichment, and
fluorination using ammonium fluoride.
Experimental results demonstrate effective ways to
increase the aluminum oxide content in kaolin to
levels meeting metallurgical standards. These
findings illustrate the potential for developing the
aluminum industry in Uzbekistan using local raw
materials, thereby stimulating economic growth and
technological advancement.
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