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Annotation

The aluminium production process through the electrolysis of cryolite-alumina melts involves a
series of interconnected, sequential, and parallel technological operations, each defined by a
specific level of engineering and technological advancement. The development of the modern
aluminum industry is closely tied to the adoption of resource-efficient and environmentally
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along with alkali metals, will remain in the gas phase. To enhance the durability of furnace linings
against the corrosive atmosphere, refractories with the highest possible density (low porosity)
and a high concentration of mullite in the matrix (the finely ground component of the batch) are
required. These properties can only be achieved in refractory products produced by the semi-dry
pressing method, which ensures high grain packing density and leads to the formation of a
ceramic mullite bond after firing.
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Introduction which are a powerful lever for increasing

production efficiency [1].
The production of aluminum by electrolysis of

cryolite-alumina molten includes several The development of the aluminum industry at
interrelated and sequentially parallel technical the present stage is associated with developing and
processes, each characterized by a certain level of  implementing resource-saving and environmental
engineering and technology development. Despite  technologies for processing secondary resources
the constant progressive development in terms of  and technical waste. Implementing technological
improving the means and methods of solutions aimed at reducing material and labor
implementing technical processes, several technical  costs in ¢ production and involving illiquid waste
problems remain unresolved. The existence of and production products in efficient processing will
these problems is due to the lack of theoretically increase competitiveness, economic attractiveness
and economically informed technical solutions, and environmental safety [2].
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Since fluorinated carbonaceous materials
release fluorine into the gas phase at relatively low
temperatures, both fluorine and alkali metals from
the same waste will be present in the gas phase
within the working area of the fluorinated waste
heat treatment plant. To enhance the durability of
the furnace lining against the corrosive effects of
this atmosphere, it is essential to use refractories
with high density (low porosity) and a maximum
concentration of mullite in the matrix (the finely
ground portion of the material). These
characteristics can only be achieved by producing
refractories through semi-dry molding, which
ensures a high packing density of grains and results
in a ceramic-mullite bond after firing [[3], [4]].

For the lining of thermal units that utilize
fluorinated carbon waste as fuel or a reducing
agent, the use of mullite-silica or mullite refractory
pressed and fired products is recommended.

In the production of mullite-silica refractories,
two stages are conditionally distinguished: the
production of high-alumina chamotte and the
production of products. The basis of production is
the production of densely baked high-alumina
chamotte, which serves as a thinning material and
binds when pressing products with high-plastic clay
[5].

Production of «clay in batches: In the
manufacture of mullite-silicon products, finely
ground high-plasticity clay is utilized. The
characteristics of the raw clay and the degree of
grinding directly influence the properties of the
final products [[6], [7]].

In the semi-dry production method, where clay
is added in limited quantities and needs to be
evenly distributed across the surface of the
chamotte grains, the maximum particle size is
restricted to 0.2-0.5 mm. The process flow for
preparing binder clay is illustrated in Fig. 1.1.

After rough crushing to pieces of no more than
50 mm, the clay enters the drying drum for drying,
where it is dried in direct flow, i.e. the coolant and
clay in the drying drum move in the same direction.
In this case, the temperature of the coolant drops
sharply at the beginning of the drum due to a large
amount of evaporating water from the clay,
thereby eliminating the possibility of drying the clay
[8].

After rough crushing to pieces of no more than
50 mm, the clay enters the drying drum for drying,
where it is dried in direct flow, i.e., the coolant and
clay in the drying drum move in the same direction.
In this case, the temperature of the coolant drops
sharply at the beginning of the drum due to a large

amount of evaporating water from the clay and
thereby eliminating the possibility of drying the
clay.
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Figure 1.1. - Technological scheme of preparation
of binder clay

Flue gases from natural gas combustion, waste
heat from kilns, etc. are used as heat carriers. The
temperature of the incoming gases into the drying
drum is no more than 900 ° C, at the outlet — not
less than 100 ° C. The moisture content of clay in
the drying process decreases from 15-20 to 7-10%.
The residence time of clay in the drying drum is
within 20-30 minutes with a drum length of 8-14 m.
The capacity of the drying drum is 10-14 t/h. It is
not recommended to over-dry the clay, since when
grinding such clay is very dusty and may lose its
plastic properties.

The grinding of dry clay is carried out in
hammer or ball mills [9].

Waste gases containing dust up to 25 microns
in size are sent to a dust cleaning system consisting
of cyclones, the efficiency of which is not higher
than 70-75%. For more efficient purification of
gases coming from drying drums, two-stage
systems are used, where more highly efficient
devices are used in the second stage. Such devices
are electrofilters and bag filters, with a degree of
dust capture which is at least 98%.

Strict quality standards for mullite-silicon
products also extend to the binding clay. The levels
of undesirable impurities, such as iron oxides,
calcium, magnesium, and others, must be kept to a
minimum.

Mullite-silicon products are produced using a
multi-chamotte process, with the clay binder
comprising 10-20% of the mixture. Different
preparation methods for mullite-silicon chamotte
are employed depending on the raw materials used.
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Utilizing technical alumina or alumina-containing
waste (such as slags, spent catalysts, or dust from
cleaning processes) allows for the production of all
types of mullite-silicon products [10].

The experimental part

The ratio of clay to technical alumina is
calculated based on the final product requirements,
ensuring that the Al203 content in the chamotte is
5-10% higher than in the finished product. This is
necessary because the clay used for binding
contains a lower Al203 content.

Technical alumina, in the form of spherulites,
has poor sintering properties, so it is finely ground
in vibrating mills along with the dry portion of the
binder clay. Steel balls, 10-15 mm in diameter, are
used as grinding media. The fineness of the grind is
controlled by the residue left on a sieve with 10,000

rel./cm?, which should not exceed 2% [11].

The mixing of young alumina and clay is carried
out in a mixer of the SM-115 type with
simultaneous moistening of the mixture to 17-18%.
Mixing with waterlogging up to 25-28% is carried
out in a two-shaft mixer with subsequent
processing and compaction in a vacuum belt press.
The resulting blanks with dimensions of 50 x 50 x
50 mm are sent for firing into a rotating furnace

The chamotte is fired at higher temperatures,
and the higher the content of A1203 in the charge.
The firing temperature ranges from 1350-1550 ° C.
The water absorption of burnt chamotte should be
no more than 1-3%. The chamotte coming out of
the rotary kiln has the following grain composition,
%:

Fraction, mm >10 10-3 3-0.5 <0.5

Content, % 30-50 | 25-30 | 25-30 | 5-10

The dust captured by the gas cleaning system
contains a lot of technical alumina, so it is fully
returned to production at the briquette forming
stage [[12], [13]].

Several reactions are possible between the
aluminosilicate  refractory and the main
components of the electrolyte — cryolite and
sodium fluoride:

18(NaF)i + 2(Al2032Si02)s +5(Si02)s = 9(NaAlISiO4)i +

3(NasAlFg)| (1)
6(NaF)i + 3(Si02)s +23(Al2032Si02)s = 3(NaAlSiOa)i +
3(NasAlFe), (2)
6(NasAlFs) + 23(Si02)1 + 23(Al2032Si02)s = 18(NaAlISiOa) +
9(SiF4)g (3)

The appearance of the refractory samples after
operation during one cupola movement is shown in
Fig. 1.2. and 1.3.

Figure 1.2 — Samples of refractory after operation in
the cupola shaft

Figure 1.3 — Samples of refractory after operation in
the furnace of the cupola

The product after use in the shaft (Fig.1.2)
carbonized throughout the depth and has molten
crusts on the treated surfaces. The shape of the
untreated surfaces is mostly preserved, and the
crusts from processing are evenly erased. Slag is
also visible on the sides, which indicates the
penetration of molten components and the vapor
phase into the seams between the materials. There
is no mechanical destruction of the samples [[14],
[15]].

The product after use in the oven (Fig. 1.3) has
irregularities, especially on treated surfaces, where
molten crusts up to 5 mm thick are visible.
Carburization is not observed. The sample is
fragmented by internal cracks formed as a result of
mechanical action. Melting and compression zones
are observed inside the product and at the joints
with neighbouring products [[16], [17]].

Discussion of the results

This study observes that the product exhibits a
denser structure after operation in the cupola mine
than after service in the furnace. This behavior is
unusual and suggests the presence of volatile
components in the charge melt, which act as
stronger sintering agents for aluminosilicate
refractories compared to iron oxide and metallic
iron, the primary components of the furnace
workspace. The uniform influence of the sintering
factor on the overall structure of the refractory
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across the thickness of the lining is noteworthy. For
instance, in previous studies [E. A. Sidorina, A. Z.

Isagulov, I. D. Kashcheev, K. G. Zemlyanoi, New
refractories No. 5 2022 "Development of
technology for superdense slag-resistant

aluminosilicate refractories" Similar results have
also been reported regarding the behavior of
aluminosilicate refractories under various operating
conditions [[18], [19]]. On the basis of
aluminosilicate raw materials of the Republic of
Kazakhstan, a technology for producing superdense
aluminosilicate refractories with increased slag
resistance for thermal processes of utilization of
fluorinated carbonaceous waste is proposed. The
use of "ceramic" technology, which allows to obtain
a structure with a water absorption of less than 1%
for both chamotte and refractory products with
different AlI203 content. Further, products after
operation in the cupola furnace show a clearly
defined melted crust in the working area, formed at
the point of contact with molten cast iron. This
area, formed as a result of impregnation by molten
cast iron and/or slag into the refractory, shows
significant modification. In contrast, the transitional
and impregnated (slightly modified) zones exhibit
structures that differ little from the original
refractory, even though the sintering factor in the
furnace shaft impacts the structure's density,
including the furnace lining. Comparing these
findings with other studies on refractory behavior
under similar conditions could provide additional
insights into the factors influencing the observed
structural changes. When selecting a grain
composition, an intermittent grain composition is
employed, where clay and chamotte are ground
together. Grinding high-alumina chamotte presents
significant challenges due to its high hardness.
Large chamotte pieces are initially crushed in a jaw
crusher and then further reduced in size using a ball
mill with self-seeding [[20], [21]]. The chamotte
stream undergoes repeated magnetic separation to
remove metallic iron, ensuring that the content of
metallic iron in the coarse fraction does not exceed
0.05%, and in the fine fraction, it does not exceed
0.7%. From the analysis of the literature data, it
follows that in order to increase the economic
efficiency of metallurgical production, various man-
made carbon wastes can be used as fuel and
reducing agent instead of significantly more
expensive coal and coal coke. The issue of
utilization of fluorine and alkali-containing
carbonaceous waste from aluminum production is
particularly relevant for the Republic of Kazakhstan.

Conclusions

In practice, the following charge compositions
are used:

- mullitosilicon products with A1203 content of
28-45 wt. % contain chamotte fractions 3-1 mm 55-
65% and joint grinding of clay and chamotte 35-
45%. In the joint grinding, the clay content is 35,
and the chamotte is 65%. The total clay content in
the charge is ~ 25 %;

- mullite products with A1203 content > 45 wt.
% contain chamotte fractions 3-1 mm 55% and joint
grinding of clay and chamotte 45%. In the joint
grinding, the clay content is 25, and the chamotte is
75%. The total clay content in the charge is ~ 13%

Mixing is carried out on runners with heavy rollers
with strict observance of the order of feeding
materials into the mixer. First, a large fraction of
chamotte is loaded and a clay slip with a density of
1.30-1.35 g / cm3 is introduced. After 5 minutes of
mixing, a finely ground mixture of joint grinding is
loaded. The total mixing cycle is 15-20 min. The
humidity of the prepared mass is 5-6%.

Pressing of products is carried out on hydraulic
presses. To improve the quality of products, the
number of presses per minute is reduced to four.
The density of the formed raw material, depending
on the type of press used, is in the range of 2.70-2.85
g/ cm?3,

Drying of mullite-silica products does not cause
difficulties and is carried out in tunnel dryers
combined with a tunnel furnace. The final moisture
content of the raw material after drying is not more
than 2%.

The products are fired in tunnel furnaces with a
flat arch of 156 m long and 3.1 m wide. The height
from the bottom of the trolley to the archis 1.1 m .
The height of the cage is small, since the firing
temperature, depending on the content of Al203,
ranges from 1350-1550 ° C. The firing duration is 80
h. The low height of the cage is necessary in this
case for uniform firing and exclusion of
delamination when the coolant moves along the
height of the tunnel furnace channel.
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KypambiHaa ¢Topbl 6ap KanabikTapabl 6HAEUTIH KOHAbIPFbINAP YLWiH
aNOMOCUIMKATTbI OTKA Te3imai bybimaapAabl eHAIPY TEXHOOIMMACHI

CupopuHa E.A., ! Ucarynos A.3. ! Pabatynbl M., 2Yang Y.

1 96inkac CarblH08 ambiHAaFbl KaparaHObl mexHUKansiK yHusepcumemi, KaparaHosl, KazakcmaH
2 Conmycmik-Leirbic MyHali yHugsepcumemi, ayuH, Keimadli

TyliiHaeme

ANOMUHUIAA]  KPUOAUT-TAMHO3eMA bankbimanapibl 371eKTpoAusgey HerisiHge any esapa
6ainaHbICTbl, 6ipi3ai XaHe napannenbai TEXHONOTUANBIK YAEPICTEP KeLeHiH KaMTUbl, 0N1apAabIH,
OPKAMNCBICHI  UHMKEHEPAIK-TEXHONOMUANBIK  AaMyAplH,  Genrini  6ip  KeTKeH  AeHrelimeH
cunatTanbiHagpl. Kasipri antomnHui eHepKacibiHiH 3BONOLMACH KaliTanama Kopaapapl KaHe
TEXHOTeHAIK KanablKkTapabl eHaeyre 6afbiTTanfaH KoOp YHEMAEWTIH JKaHe 3KONOTUANbIK
TEXHONIOTUANAPAbI 93IPNIEYMEH KaHEe eHrisymeH 6ainaHbiCTbl. PTOPAbI KEMIPTEKTI MaTepuanaap

Makana kengi: 31 mameip 2024 Kbi3ablpbinFaH Kesge ¢Topapl ra3 ¢asacbiHa canbiCTbipManbl Typae TemMeH TemnepaTypaja
CapanTtamagaH eTTi: 19 mayceim 2024 Wblfapaabl, cofaH KeliH GTopAabl KanaplKTapabl ©HAEMNTIH Kby KOHAbIPFbINAPbIHBIH, *KYMbIC
Kabbinganabi: 2 kasax 2024 KeHicTiringe on ras ¢asacbiHaa 6onagpl, COHbIMEH KaTap CON KangbikTapaa 6onaTbiH cinTini

meTangap. [emek, new atmocdepacbiHbiH, KOPPO3UAIbIK aCepiHe TOCEMHIH, BepiKTiriH apTTbipy
YWIiH MaTpULAJaFbl eH, YKOFapbl TbIFbI3Aplfbl (KEYEKTINIM TOMEH) KIHE MaKcumangbl Mynaut
menwepi (WKXTaHbIH, ycak yHTaKTanfaH 6eniri) 6ap oTKa Te3imai 3aTTapabl KOAAAHY KaXKeT.
MyHZal KaceTTep XKUbIHTbIFbIH TEK KapTblNal KypFaK KanbinTay a4iciMeH anblHFaH OTKa Te3imaj
eHimaepaeH anyfa 6onagbl, 6yn A3HAEPAIH KOFapbl TbIFbI3AbIFbIH KaMTaMacbi3 eTefi KaHe
KepaMuKanblK MynauT 6alinambl anbiHFaHFa AeliH Kyhgipinesi. MynautTi KpemHUA gUOKcUAj
Hemece KbICBIMMEH KyWZipinreH MynautTi  oTKa Tesimai  bylbimaap  dTopKemipTekTi
KanablKTapabl  OTbIH  HEMece  TOTbIKCbI3AAHAbIPFbIW  PeTiHAe  NaifdanaHaTtblH  Kblay
KOHAbIPFbINAPbIH TECEY YLWiH KONAAHbINAAbI.

TyiiiH ce30ep: kypambiHaa GTop 6ap KeMipTeKTi maTepuangap, ycakray, MyAauTTi OTKA Tesimai
3aTTap, »KOfapbl MAACTUHAMbl Ca3, YHTAKTay, MyAAUT-KpemMHUNi Bbyibimaap, 6ainam, wamor,
KenTipy, Kynhaipy.
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AHHOTauuA

Mpouecc nNpou3BoACTBA a/NOMUHUA C UCMO/Ib30BAHMEM 3NEKTPO/M3A KPUOAUT-TIMHO3EMHbIX
pacnnaBoB BK/OYAET KOMMIEKC B3aMMOCBA3AHHbIX, MNOCAEA0BATE/bHbIX M NapannenbHbIX
TEXHO/NIOTMYECKMX 3TanoB, KaXKAbli M3 KOTOPbIX XapaKTepusyeTcAa ornpeaeséHHbIM YpPOBHEM
WH}KEHEPHO-TEXHONIOTUYECKoro pa3sutuA. CoBpemMeHHas aNloMUHMEBAA MNPOMbIWIEHHOCTb
pasBuBaeTca 6narogapa paspaboTke U BHEAPEHMIO TEXHONOMMM, OPUEHTUPOBAHHLIX Ha

MNoctynuna: 31 masa 2024 3KOHOMMIO PECYPCOB M OXpaHy OKpY’KaloWen cpedbl, YTO BK/AlOYaeT nepepaboTKy BTOPUYHbLIX
PeueHsnposaHue: 19 uroHA 2024 pecypcoB M TeEXHOreHHbIX 0TX0A40B. Mpu HarpeBaHuu GpTopcoseprKallme yriepoaHble Matepuasnbl
MpuHATa B neyaTtb: 2 okmAbpa 2024 BblAENAT GTOp B razoobpasHoit Gopme y:Ke NpU OTHOCUTENbHO HU3KUX TeMMNepaTypax, uYTo

NPUBOAMT K ero NPUCyTCTBUIO B ra3oBoi dase B TeN/0BbIX arperatax, nepepabatbiBaloLmx Takme
OTXOZbl, HAPAAY C LLENOYHBIMW METANNIAMM, COAEPHKALMMMUCA B ITUX OTXOAAX. 1A NoBbIlWEHMA
YCTOMUYMBOCTM GYTEPOBKM K KOPPO3UOHHBIMU BO3AENCTBUAM MeyHoW aTmochepbl Heobxoammo
MCMONb30BaTb OFHEYNOPbl C MAKCUMaNbHOW MONHOCTbIO (HW3KOW MOPWUCTOCTbIO) U BbICOKUM
COAEPKAaHWEM MY/IIUTA B MATPULLE (TOHKOM3MENBYEHHOW YacTh WKXTbl). [JocTUYb Takoro Habopa
CBOWCTB BO3MOHO TO/IbKO NPU MPOU3BOACTBE OrHEYNOPHbIX U3AENUIA NOAYCYXMM METOLOM
dbopmoBaHuMA, KOTOpbI ObecrieumBaeT BbICOKYID MOTHOCTb YMAaKOBKU 3EPeH U 06Xur Ao
NONYYEHUA KePaMUYECKOM MyNIMTOBOM CBA3KWU. Myn/IMTOBbIE KpEMHE3EMHbIE MU MYIUTOBbIE
OrHeynopHble U3fenun, 06oXKKEHHbIE MO AaBNEHUEM, TPUMEHAIOTCA ANA GYTEPOBKM TENI0BbIX
arperaTtos, MCNOb3YOLWMX GTOPYrNepoaHble OTXOAbI B KAYECTBE TOM/IMBA UM BOCCTAHOBUTENSA.

Kniouesbie cnosa: dTopcofepKallme yrnepoaucTble MaTepuanbl, APoBAeHUe, MyNIUTOBble
OrHEeynopbl, BbICOKOMAACTUHYATBIE TMHA, NOMOJ, MYAIUTOKPEMHE3EMUCTbIE U3LENMA, CBA3KA,
LIAMOT, CyLLKa, OBKMUT.
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