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ABSTRACT

Air separation can play a key role in the sintering process of the charge material in the alumina
production at the Pavlodar Aluminum Plant. During sintering, sinter dust is formed, which must be
effectively separated from the bulk material, since its fine fraction is a source of formation of a
solid phase carried away with the solution, which increases the number of secondary losses of
valuable components. The use of air separation will solve this problem, providing a high degree of
separation of the sinter product into coarse and fine fractions, thereby intensifying the further
process of hydrochemical processing of the sinter from the sintering furnaces. The main goal of
these studies was to reduce the loss of valuable components from the sinter, namely aluminum
oxides and alkali, which are carried away with the solid phase of the tubular apparatus effluent.
This paper considers the preliminary classification of sinter dust in air separators and its separate
leaching. Extensive (pilot) laboratory tests determined the separation boundary of sinter classes
(= 0.25 mm), which allows increasing alumina extraction by ~ 2% and suggests a reduction in the
number of operating furnace lines by 0.26 units by reducing ballast flows, and the optimal indicator
of air separation efficiency was determined to be ~ up to 97%. The results demonstrate the
importance of air separation in ensuring the quality of the sinter product and improving the
efficiency of alumina production technology as a whole.
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Introduction

Air separation is a technological process in which

[4], [5]]. In the existing process flow at the Pavlodar
Aluminum Plant (PAP), the leaching of sinter from
the sintering shop is carried out in tubular leaching
units, from which a solid phase, the so-called “gray”

polydisperse systems are separated into fractions
based on the settling velocity of particles of various
sizes under the influence of centrifugal gravitational
forces in a horizontal or upward flow. The overall
function of a classifier is to separate particles into
coarse and fine fractions [1]. The air separation
process is widely used worldwide in various
industries [2]. For example, in China, air separation
is used for classifying coking coals, for separating
and processing valuable components from spent
lithium-ion batteries, and for separating fly ash [[3],

sludge, is carried out along with the non-
desiliconized aluminate solution [6]. Upon further
residence in the aluminate solution during the
autoclave desilication stage, the “gray” sludge
becomes enriched with aluminum oxide and alkali,
causing their loss from the aluminate solution.

To address the existing problem, a technical
solution was proposed: separating the sinter dust
through preliminary classification in air separators.
This would enhance the efficiency of the sinter
hydrochemical processing (Figure 1).

— 12—


https://doi.org/10.31643/2026/6445.34
file:///C:/Users/Irina.S.Danchenko/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/G6P99IL8/Gulnur.Abikenova@erg.kz
file:///C:/Users/Irina.S.Danchenko/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/G6P99IL8/Dauren.Dauletov@erg.kz
Irina.S.Danchenko@erg.kz
https://creativecommons.org/licenses/by-nc-nd/4.0/

2026; 338(3):112-119

ISSN-L 2616-6445, ISSN 2224-5243

Gray-white sludge

> Charge
| 5.95 furnaces
sinter .
Tubular First wash
apparatus ¢ water
overflow <

Continuous sinter leaching

Second wash water

A4

Autoclave desilication

|

Sludge grinding

Thickening of white Washing of tailings
L sludge SluTgE -
Sludge field

Control filtration of aluminate

solution

a)

white sludge
» Charge
100% l
Sinter 5,65 furnaces
second
industrial
water
Air separation 3% Separate agitated
of sinter —_» leachingof fine sinter
fraction
|
—» Continuous leaching of sinter
drain of tubular apparatus
h 4
Autoclave de- Slurry milling
siliconization
‘ | —
Thickening of white Washing of tailings

sludge sludge
Control filtration of Sludge field

aluminate solution

First industrial
wastewater

b)

Figure 1 — a) Existing sinter leaching process at PAP;
b) Proposed process with preliminary sinter classification

There are several methods for eliminating the
conditions for the formation of “gray sludge,” which
have been utilized in the production practice of PAP.
One such method is leaching the sinter in a “Reacol”
column-type apparatus [7].

According to this scheme, the sinter was first
classified on separate drum screens with a mesh size
of 5 mm (the usually used sizes are 10 and 8 mm),
and then the separated sinter fraction was subjected
to agitation leaching in a “Reacol” column-type
apparatus with a pulsed supply of the leaching agent
— water.

The use of a metal mesh with a rather large
mesh size of 5 mm on the existing drum screens was
technologically unjustified. With this technology,
using a particle size of -5 mm, under-leaching of the
sinter was observed, as well as losses of valuable
components along with the sludge. The pulsed
supply mode of the leaching agent in the “Reacol”
type apparatus did not ensure complete extraction
of valuable components from the sinter.

In addition, there was an inefficiency in the
sinter separation and rapid mechanical wear of the
classifying metal mesh, increased circulation flows

of the sinter, which increased the energy costs at the
crushing unit.

The next method involves separating the solid
phase from the slurry discharge of the tubular
leaching units using hydrocyclones [8]. A pilot-
industrial installation of a battery of 10
hydrocyclones with a diameter of 150 mm was
assembled for testing. The slurry discharge from one
tubular leaching unit was subjected to classification.

This method also did not prove effective for the
technological process of PAZ. Frequent cases of
“sanding” of the hydrocyclones led to a high content
of solid particles in the overflow, which was sent for
autoclave desilication. As a result, the task of
reducing the ballast flow to the sintering furnaces
was only 50% solved.

The use of larger hydrocyclones with a diameter
of 250 mm also did not solve the problem of the
ballast flow and even reduced the efficiency of
sludge removal to 30%.

The Boksitogorsk Alumina Plant of RUSAL
employs a method of classifying and leaching sinter
that is similar to our proposed method. Alumina-
containing sinters are classified by a 0.5 mm fraction,
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and the fraction finer than 0.5 mm is combined with
aspirational sinter dust and mixed with under-sludge
water, thus performing agitation leaching of the
mixture, after which it is directed to co-washing with
the sludge from leaching sinter fractions larger than
0.5 mm.

The technical solution implemented at the
Boksitogorsk alumina plant was also applied at
another RUSAL alumina plant - Achinsk. Testing of
the proposed method was carried out with crushed
sinter from an industrial stream. This method
showed significant extraction of aluminum oxide
from the fine fraction.

In the presented technology, implemented and
tested at the RUSAL alumina plants, the preliminary
separation of the fine part of the sinter is carried out
by mechanical screening. The method of mechanical
screening implies the use of capital-intensive
structures, since conveyor routes and metal-
intensive sorting units are required to move the bulk
material (sinter). The optimal screening mode for
powdered materials is operation within the 1-3 mm
range. At smaller screening limits, energy
consumption per 1 ton of product increases
significantly, the dimensions of the equipment
increase, and the need for frequent replacement of
the screens arises [9]. For classifying materials with
a particle size of less than 1 mm, it is advisable to use
air classification. By regulating the speed and
trajectory of the air flow, the size of the separated
particles can be varied [[10], [11]].

Air separation is based on the ability of material
particles, located in a vertical, horizontal or
centrifugal air flow, to fall out of it under the
influence of gravity, centrifugal inertial forces, or the
combined effect of these forces under certain
conditions [12].

For successful air separation, the air flow must
have a homogeneous velocity field. For particles of a
single size, called the separation boundary, dynamic
equilibrium must be established throughout the
entire separation zone. Particles of other sizes must
be carried out of the separation zone in different
directions: smaller than the separation boundary —
in one direction, larger — in the other. The forces
acting on a particle of any size must be adjustable
within a wide range [10].

The design of air separators should provide the
ability to regulate the air flow velocity and uniform
distribution of the material being sorted, as well as
the complete and timely removal of material
particles separated by size from the separator. The
separation boundary can be controlled by changing

the operating mode of the classifier, for example, by
changing the air flow velocity. It is known that the
separation efficiency is determined by two factors:
the concentration of the material and the design of
the apparatus [13].

Review articles [[14], [15], [16]] provide a
detailed examination of each type of equipment for
particle separation.

In the article [17], the authors describe one of
the novelties of air classifiers, which uses the
inertial-gravitational design principle for separating
solid particles.

Experimental part

According to the developed standards of the
organization, Joint Stock Company Aluminum of
Kazakhstan (JSC “AK”), the following research
methods were carried out: sieve analysis of sinter,
chemical analysis of liquid phases, and X-ray spectral
analysis.

The following were used for testing:

e Laboratory separation unit from Lamel 777
(Minsk);

e Stand-mounted air gravity classifier from
URAL-OMEGA (Magnitogorsk);

e Semi-industrial enrichment plant with a
pneumatic separator of the “Sepair” type from
GORMASHEXPORT (Novosibirsk).

Results and Discussion

The first stage of laboratory research aimed to
determine the boundary particle size in the sinter
that is carried away with the aluminate solution
from the tubular apparatuses and is a source of
formation of “gray” sludge.

By conducting numerous samplings of the
overflows from all tubular apparatuses, it was
established that the boundary size is the (-0.25) mm
fraction. This dimensional fractional composition
was to be removed, and separate leaching
performed. It was also established that the average
content of the (-0.25) mm fraction in the crushed
sinter entering the tubular leaching units was
approximately 3%.

In laboratory conditions, the sinter was classified
into fractional compositions: (+0.25) mm and (-0.25)
mm, and their separate leaching with liquid agents
used in production conditions was carried out.

Table 1 presents the results of the separate
leaching of the sinter.
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Table 1 — Results of the separate leaching of the sinter

Composition of Solid Phase Extraction Composition of Liquid Phase
% % g/L
0,
Na;0 | ALOs | Si0; | Ca0 | Fes05 | NasO | ALO; | Alo, | N320 | NazO | NaO | M4 % iy oy,
total carbonate caustic caustic soda
Initial sinter, including the fraction - 0.25 mm
Sludge | 1.85 4.40 | 19.5 | 40.7 24.3 89.4 849 | 1075 | 84.3 2.6 81.7 13 3.1 2.28 | 49.0
Sinter without the fraction -0.25 mm
Sludge | 1.48 3.81 | 19.3 | 40.3 24.0 92.2 86.9 | 110.2 | 87.3 2.3 85.0 13 2.7 2.25 | 49.0
Table 2 — Results of separate agitation leaching of the fine fraction of the sinter
CocTaB *Knakux gas CoctaB TBEpPAbIX Pa3
L %
Name Na;0 | Na:0 o Na20 | M -
Al203 2 2 2 %soda | Na;O | AlOs | Si02 | CaO | Fe:03
total carbonate caustic caustic
Orllglnal 15.7 19.0 129 25.7 18.4
sinter
Weak
leaching 18.4 16.7 0.9 15.8 1.41 5.4
water
Sludge 1.97 4.77 18.7 38.4 27.4
Liquid phase
of the 35.4 32.7 2.1 30.6 1.42 6.4
sludge

Technological leaching of the isolated fine
fraction of sinter (-0.25 mm) was carried out with
weak wash water at a temperature of 75 °C and a
leaching time of 3 minutes.

The coarse fraction of sinter (+0.25) mm was
leached under production conditions used in tubular
leaching units with strong wash water at a
temperature of 85 °C and a time of 45 minutes. As
can be seen from the data in Table 1, when removing
the fine fraction (-0.25) mm from the sinter, the
extraction of alumina and alkali from the coarse
sinter increases by 2.0 and 2.8%, respectively.

The alumina content in the sludge after the
separation of the fine fraction (-0.25) mm from the
sinter with weak wash water, for a short leaching
time (no more than 3 minutes), was approximately
the same level as in the waste sludge - 4.77% (Table
2).

Table 2 presents the results of separate agitation
leaching of the fine sinter fraction.

It was established that with separate leaching of
the fine sinter fraction (-0.25) mm for a short time, 3
minutes, the fine sinter has time to leach without
secondary losses. This indicates that the conditions
for the formation of “gray” sludge are eliminated.

Under production conditions, the fine fraction of
sinter (-0.25) mm should also be leached with weak
wash water.

The purpose of the second stage was to
determine the conditions for thickening the sludge
after separate leaching of the sinter fraction (-0.25)
mm. According to the conditions of the designed
production process, the dedusted coarse sinter
fraction (+0.25) mm after leaching in a tubular
leaching unit and grinding in a rod mill was mixed
with the sludge from the leaching of the fine sinter
fraction (-0.25) mm under conditions of re-pulping
with weak wash water. Then, according to the
scheme, the mixture of sludges after hydrocycloning
was sent to the head washer of the washing line.

Planned mixtures of sludges from separate
leaching of the sinter were prepared, with their
further thickening in laboratory conditions using a
flocculant. Based on the results of the laboratory
work, satisfactory thickening of the sludge mixture
after separate leaching of the sinter was
determined.

Based on the data from the studies, it was
hypothesized that, under production conditions, the
sludge after the separate leaching of the fine sinter
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Graph 1 - Indicators of pilot tests for air separation of sinter.

fraction (-0.25 mm) would satisfactorily settle in a
mixture with the rod mill sludge and not be carried
away with the overflow (with strong wash water)
from the head washers.

To confirm the results of the laboratory tests on
the classification of the fine part of the sinter, a pool
of companies producing shelf-type air classifiers and
pneumatic separation devices with nozzle air supply
was identified. Companies such as Lamel 777, URAL-
OMEGA, and GORMASHEXPORT were selected [[18],
[19], [20]].

The graph below shows the efficiency of air
separation of sinter, as implemented by the above-
mentioned companies, which allows for an
assessment of the comparative results of their work.

Based on the conducted tests from all three
companies, the possibility of air separation of sinter
was confirmed. An air separation efficiency indicator
of ~ up to 97.0% was determined for the declared
boundary fraction of sinter (-0.25) mm.

The highest contamination - up to 40% of the
sifted fine fraction with sinter of the neighbouring
larger (+0.25) mm fraction - is present on the Lamel
777 classifier. Less contamination with the (+0.25)
mm fraction, from 12 to 24%, is present on the
GORMASHEXPORT  classifier ~ (using  SEPAIR
technology) [21]. The minimum contamination with
the (+0.25) mm fraction, from 10 to 15%, is present
on the URAL-OMEGA classifier.

According to the results of the sinter separation
pilot tests, in terms of technical equipment and
completeness, as well as the possibility of
integration into the technological scheme in the
existing production facility, the most suitable is the

classifying installation of the company URAL-OMEGA
from Magnitogorsk (Figure 2).

Figure 2 - Classifying the unit of the URAL-OMEGA
company on a tubular leaching unit.

Conclusions

Based on extensive laboratory research, it has
been established that removing the fine part of the
sinter, 0.25 mm, with subsequent separate leaching
allows increasing alumina extraction by ~ 2%
without worsening the sludge settling performance
during washing.

The possibility of air separation of sinter at the
PAZ sintering stage has also been confirmed, and the
optimal air separation efficiency indicator has been
determined to be ~ up to 97.0%.

The classifying unit of the URAL-Omega
company showed the most suitable test results for
air separation of sinter for the technological process
of the PAZ sintering stage.

The result of the technical solution of
preliminary air separation of sinter will be an
increase in the overall alumina extraction by 2% and
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a reduction in the number of operating furnace
strands by 0.26 units due to a decrease in ballast
flows, respectively, a decrease in losses of useful
components (alumina and alkali), as well as a
positive impact of the scheme on the environmental
situation of the shop.
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Masnopap antoMMHUM 3aybITbIHAA KYMEXEHTEKTi ayAa aXKblpaTty
3epTrey MyMKiHAiKTepi

O6ikeHoBa I.K., TBepgoxne6os C.A., Oaynetos A4.4., AaHueHKo U.C.

JKLLIC ERG roinsimu-3epmmey uHMceHepnik opmarneirel, [laenodap, KazakcmaH

TYRIHAEME

dye cenapaumscbl NaBnogap aNtoMUHUI 3aybITbiHbIH, IIMHO3eM eHAipICIHAEeri LWNXTaHbl KyIAipy
npouecciHae aca MaHbI3abl Pen aTkapybl MyMKiH. Kyiaipy KesiHae Kynaipy WwaHbl Ty3inesi, oHbl
Herisri maTepuangaH Tmimai Typae 6eny Kaxet, ce6ebi oHbIH, ycak dpaKumMAchl KaTTbl dasaHbiH,
KaNbINTacyblHbIH, Ke3i 6osbin Tabbinaabl, 6yn nanaansl KOMNOHEHTTEPAH, EKiHWI KaFblHAAFbI
OFaNTy MeJIlepiH apTTbipafbl. Dye cenapauMACbiH NaiganaHy ocbl TancbipmMaHbl Lellyre
MYMKIHAiK Bepeai, Kyiaipy eHimiH ipi »kaHe ycak dpaKuusanapFa }KoFapbl gapexxene 6eny apKbinbl,
Kynaipy eHAey npoueciH
MHTEeHcndUKaumananapl. byn 3epTreynepgi, Herisri makcatbl cneuuduKaumagaH nangans

Makana kengi: 1 kapawa 2024
CapantamagaH eTri: 11 xenmokcaH 2024
Kabbinganabl: 14 mameip 2025

ocblianwa newTepiHiH, CNekacblH TMAPOXMMMANBIK — KalTa
KOMMOHEHTTEPAH, aTan alTKaHA4a, aloOMUHUI OKCUATEPI MEH CiNTiNepaiH, KaTTbl dasa 6oiblHLWa
TYTiKWe annapaTtbiHblH, afbicbiMeH bipre ylwbin KeTyiH asanty 6onabl. Byn Xymbicta aya
cenapaTopnapbliHAa CNeKanblK WaHHbIH anfblH ana XiKTeny NpoLeci XaHe OHbI KeKe Waimanay
KapacTblipblnagpl. KeHenTinreH 3epTxaHanblK CbIHAKTap CneKaHblH KnactapblH 6eny weriH (— 0,25
MM) aHbIKTagbl, 6yn ramHosemai ~ 2%-fa KebeilTyre MymKiHAIK 6epeai kaHe 6annactTbik,
afblHAAPAbl TOMEHAETY apKblibl KYMbIC iCTEWTIH MNewTik inTepaid, caHbiH 0,26 6ipnikke
KbICKApPTyAbl *Kopamanganabl. Aya cenapauumsacbiHbiH, TUIMAINIK KepceTkiwTepi ~ 97% pen
aHbIKTanAbl. ANbIHFAH HATUXKeNep CneKanblK OHIMHIH, canacbiH KAMTaMacbli3 eTy XKaHe rMMHOo3eM
OHAIPICIHIH, TEXHONOTUACBIHbIH, TMIMAINIMIH apTTbIPY YLWiH aya cenapaumACbIHbIH, MaHbI34bINbIfbIH

KepceTtes,.

TyliiH ce30ep: ayaHbl 6oy, XiKTey, Naiaansl KOMNOHEHTTEPA] any, TMHO3eMm, crekaHue yaepic,
crek.
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UccnepoBaHMe BO3MOXKHOCTU BO3AYLIHOM cenapauunm cneka Ha
MaBnogapcKom anloMMHUEBOM 3aBOAe

AbukeHoa I'.K., Teepaoxne6os C.A., Aaynetos A.4., AaH4yeHKo WU.C.

TOO Hay4Ho — uccnedosamenbckuli UHXCUHUPUH208bIG yeHmp ERG, Masnodap, KazaxcmaH

AHHOTAUMA
BosgywHas cenapauus MOXET CbirpaTb KAIOYEBYIO POJib B MNPOLECCE CMEeKaHWA WUXTbl B

rMMHO3eMHOM npoussoacTee [1aBAOAAPCKOro aNlOMMHUMEBOrO 3aBoja. Bo Bpemsa cnekaHus
obpasyeTca cnekosas nMblib, KOTOPYD Heobxoanmo 3PGEKTUBHO OTAENATb OT OCHOBHOMO
matepuana, T.K. ee MenKkas ¢pakuua ABAAETCA WUCTOMHMKOM obpa3oBaHua TeBepaol ¢asbl,
BbIHOCMMOM C PacTBOPOM, YTO YBE/NMYMBAET BEJIMYMHY BTOPWYHBIX MOTEPH MO/E3HbIX
KOMMOHEHTOB. Mcnonb3oBaHMe BO3AYLWHOM cenapauvMu MNO3BOAWUT PeWwuUTb 3Ty 3ajaudy,

Moctynuna: 1 Hosbpa 2024 obecneunBas BbICOKYIO CTeneHb pa3geneHus CreKoBOro MNPOAYKTa Ha KPYMHYI0 U Menkyto
PeueHsnposaHue: 11 dekabps 2024 bpakumn, Tem caMbim UHTEHCUOULMPYA AaNbHEMLINIA NPOLLeCcC TMAPOXMMUYECKON NnepepaboTku
MpuHATa B NevaTh: 14 mas 2025 cneka neyeli cnekaHna. OCHOBHOM L@/Ibio AaHHbIX UCCNeA0BaHMIA ABAANOCH CHUXKEHME noTepb

MOE3HbIX KOMMOHEHTOB U3 CMEKa, @ UMEHHO OKCMAO0B aIIOMUHUA U LLLEJIOYU, KOTOPbIe YHOCATCA
BMecTe C TBepaol ¢asol cnuea TpybuyaToro annapata. B aaHHoM paboTe paccmaTpusaeTcs
npouecc npeasapuUTeNbHONM KnaccuduKaLmm CneKkoBoi Mbiiv B BO3AYLIHbIX cenapaTtopax u ee
pasfenbHoe  BblllenauMBaHve. PacluMpeHHbIMW  1abopaTopHbIMKM - UCMbITAHUAMKU  Bbina
onpeaesieHa rpaHuLa pasgeneHns Knaccos cneka (— 0,25 mMm), 4TO MO3BONAET YBEANYUTH
u3BNeyeHne IMHO3eMa ~ Ha 2% U NpeAnosiaraeT CoKpaLleHne KONMYeCcTBa PaboTatoLLmX NeYHbIX
HUTOK Ha 0,26 ea. 3a cHeT CHUKEeHWUA 6anNacTHbIX NOTOKOB, ONpeAesieH ONTUMabHbIN NOKasaTeNb
3¢bdEeKTUBHOCTM BO3AYLWHOW cenapauum ~ Ao 97%. MonyyeHHble pe3ynbTaTbl AEMOHCTPUPYIOT
Ba*KHOCTb BO3AYLWIHOM cenapauuu ana obecneyeHms Kauectsa CNeKoBOro NpPoAyKTa U NoBbiLLeHUnA
3¢ EKTUBHOCTU TEXHONOTUM TIMHO3EMHOTO NMPOU3BOACTBA B LIEJIOM.

Kniouesble cnosa: BO3aywHaa cenapaums, K}'IaCCMd)MKaLI,VIH, ussneyeHne nonesHbIX
KOMMNOHEHTOB, MMNUHO3EM, NpouecC CNeKaHuA, Cnek.
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