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ENVIRONMENTAL ASPECTS OF PROCESSING GRANULAR
FILTERS FOR PRIMARY ALUMINUM REFINING

This article presents the results of experimental studies on the involvement in
the processing of used filters from ash and slag waste used in the refining of primary
aluminum as a filler in the production of concrete for building products.

The research was carried out within the framework of grant funding from the
Science Committee of the Ministry of Science and Higher Education of the Republic
of Kazakhstan under the competition «Zhas Galym» under the project IRN
AR19175493 «Development of technology for refining primary aluminum with
filters with an active surfacey.

The recycling of used grain filters was carried out in three stages: preliminary
processing of filter grains to remove aluminum scrap; metallurgical processing of
separated aluminum scrap by remelting in an induction crucible furnace and
refining using complex technology described by the authors in the work; obtaining
a concrete mixture based on crushed waste filter grains, quartz sand and bauxite
sludge, screenings from crushing rocks with a fraction of
20-30 mm and Portland cement to obtain samples of construction products.

According to the test results, the tensile strength of concrete samples of building
products is 20.89-37.75 MPa, depending on the content of Portland cement
(from 20 to 40 %) and corresponds to the class of heavy concrete.

Keywords: aluminum, granular filter, ash, waste, recycling.

Introduction

According to the «Concept for the development of the manufacturing industry of the
Republic of Kazakhstan for 2023 — 2029 [1], approved by Decree of the Government of the
Republic of Kazakhstan dated December 20, 2018 No. 846, the annual production of aluminum
is 262 thousand tons with domestic consumption of 34 thousand tons, 87 % goes to primary
aluminum is exported (the number of processors is more than 20 enterprises).

The main task of the aluminum cluster in Kazakhstan is to further develop domestic
consumption of primary aluminum and maintain the export potential of domestic aluminum.

One of the most important factors that will have a great influence on the development of
the metallurgical industry in general and aluminum production in particular will be the
environmental factor.
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In recent years, the Republic of Kazakhstan has adopted fundamental acts in this
direction, which will determine the vector of development of metallurgical enterprises in the
future [2; 3; 4] in the following areas:

— the need to develop a green economy;

— the need to develop closed production cycles with the development of a waste
management system, which implies “a constant circulation of materials during production and
consumption, eliminating the formation of waste accumulating in the environment.

These fundamental principles will be the basis for the development of innovative
solutions in the mining and metallurgical industry of the Republic of Kazakhstan.

In [5; 6], a comprehensive technology for refining primary aluminum from vanadium and
other metal impurities through flux and filtration refining based on boric acid was studied.

The results of research [5; 6] show that the complex technology of refining raw aluminum
from vanadium using boric acid (HsBOz) in a ladle with further filtration makes it possible to
reduce the content of non-ferrous metal impurities from primary aluminum.

Laboratory studies have shown a decrease in vanadium content by 47.7 %, copper by 17.6
%, magnesium 47.5 %, manganese by 50.0 % and silicon by 97.9 % in primary aluminum
during flux refining of H3BO3 and subsequent almost complete removal reaction products of
non-ferrous metal impurities with boron based on filtration results [5; 6].

In these works, Ekibastuz coal ash, consisting mainly of SiO, and Al>Os, was used as a
material for the manufacture of filter grains (Table 1 and 2) [6].

Table 1 — Chemical composition of Ekibastuz coal ashes, %
SiO2 |Al203 | Fe203 | FeO |TiO2| CaO | MgO | SOs |e.h.w. lhygr. water| CO:2 <Si02

46,7 | 25,2 | 6,58 [0,66]1,28| 7,66 | 3,1 [1,26] 3,41 0,57 3,96 26,7

Table 2 — Phase and mineralogical composition of Ekibastuz coal ashes, wt. % (average)

Amorphized Feldspar, Corundum,
Glass Iron ) . Carbon
clay substance . quartz, mullite, Calcite .
phase oxides : X particles
pyroxene cristobalite
30 25 9 10 7 8 11

Conducted studies show that as a result of filtration refining, a large amount of waste is
generated in the form of spent grains with a diameter of 15-25 mm and aluminum scrap.

According to data [7], the average consumption of filters is 0.2 — 0.5 % of the mass of the
poured metal. Thus, during the production of primary aluminum on the basis of Kazakhstan
Electrolysis Plant JSC in a volume of up to 268 thousand tons per year, the mass of used filters
will be up to 1340 tons.

According to [4, 8], the rate of payment for emissions of pollutants from stationary
sources of this type of waste (ash and cinders) in the Republic of Kazakhstan is 0.33 MCI/ ton
(taking into account the MCI in 2024 = 3692 tenge, the total amount of payment for emissions
1340 tons = 4,947,280 tenge per year).

Thus, the development of options for processing used filters from ash and ash and slag
waste is an urgent task.
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Materials and methods

The basis for the processing of used granular filters was the methodology described in
[9], which included three main stages:

— preliminary processing of filter grains for cleaning from aluminum scrap (Figure 1),
including grinding of granules in a drum mill and classification of the metal and non-metal parts
of the processed material;

» .
war M

Figure 1 — General view of used filters

— metallurgical processing of separated aluminum scrap by remelting in an induction
crucible furnace and refining using complex technology described by the authors in [5];

— obtaining a concrete mixture based on crushed waste filter grains, quartz sand and
bauxite sludge, screenings from crushing rocks with a fraction of 20 - 30 mm and Portland
cement to obtain samples of construction products.

Crushed waste filter grains were used as a filler for a concrete mixture, as an alternative
to quartz sand, in a volume of no more than 30 % of the total consumption of materials [10].
The water-cement ratio was assumed to be 0.35.

The production of building samples and products was carried out on the basis of
EkostroyNI1-PV LLP using the vibration pressing method on the Rifey-Udar-SDA production
line, which has extensive experience and its own innovative solutions in the field of involving
industrial waste in production [10-13]. Testing of construction products was carried out on the
basis of the accredited laboratory of Incom Company LLP (registered in the register of
accreditation subjects of the Republic of Kazakhstan for compliance with the requirements of
GOST ISO/IEC 17025-2019 No. KZ.T.14.2161 dated November 16, 2018, as amended on April
29, 2020).

Table 3 shows the compositions of concrete mixtures.

Table 3 — Compositions of concrete mixtures using ASR of waste granular filters

Concrete batch Mass fraction of cement, | Mass fraction of Mass fraction of waste granular
number (%) sand, (%) filters, (%)
1 40 60 0
2 35 55 10
3 30 50 20
4 25 45 30
5 20 40 40
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To test the samples, cube shapes of 100x100x100 mm were additionally made (Figure
2). The work determined the density and strength of the samples. The density of concrete
samples was determined in accordance with GOST 12730.1-78, the results are listed in Table
4. The strength test was determined using a P-10 press when the concrete was 28 days old

(Figure 3). The test results are presented in Table 5.

Figure 3 — Determination of sample strength

Results and discussion

Table 4 — Density of concrete samples

Sample | Mass fraction of AS waste granular Density, g/sm3 Concrete class
brand filters, (%)
1 0 2,61
2 10 2,39
Heavy concrete
3 20 2,19
4 30 1,95
5 40 1,86
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Table 5 — Concrete strength class
Sample brand Strength, kg/sm ? Strength, Concrete strength | Concrete grade by
class strength
MPa
1 385 37,75 B30 M400
2 327 32,06 B25 M350
3 307,6 30,16 B25 M350
4 235,3 23,07 B20 M250
5 213,1 20,89 B15 M200

According to the test results, the tensile strength of concrete samples of building products
is 20.89 — 37.75 MPa, depending on the content of Portland cement, corresponding to the class
of heavy concrete.

Conclusions

1) Based on the experimental studies carried out, the possibility of involving waste filters
from ash and ash and slag waste as a filler in the production of concrete for construction
products has been established.

2) Metallurgical processing of aluminum scrap separated from spent filter grains can be
carried out by remelting in an induction crucible furnace with further refining of the metal.

3) According to test results, the tensile strength of concrete samples of building products
is 20.89-37.75 MPa, depending on the content of Portland cement (from 20 to 40 %) and
corresponds to the class of heavy concrete.
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Coinax Homuoicenepi 60OUbIHUA KYPbLIbIC OYUBIMOAPLIHbIY OemOH Yia2liepiniy bepikmik
weel nopmaanoyemenmmiy Kypamoina oatiianvicmol (20—0an 40 Y%-ea oeiin) 20,89-37,75
MTla kypatiovl xcane ayvip Oemon KiacblHa calikec Keeoi.

Kinmmi ce30ep: antomunuti, myuipwixmi cy3ei, Kya K0dicbl, KALObIKMAp, Kalima eHoey.

I1.0. Buvikos', *A. b. Kyanowixoe', K. IIl. Apeinzasun?,

A. B. Kanueea', B. B. Jlapuuxun®

'Topaiirsipos yausepcuret, Pecny6muka Kazaxcraw, r. IlaBnonap
2TOO «AkoctpoitHUU-TIBy», Peciy6muka Kasaxcran, r. ITapnonap
SHoBocubupcKuii rocy1apCTBEHHBIH TEXHHUECKUI YHHBEPCHTET,

r. Poccuiickas ®@enepanus, r. HoBocubupck.

[Toctymmio B pemakiuio 10.02.24.

[Mocrymuno ¢ ucnpasierusmu 10.02.24.

[TpunsTo B neuats 23.02.24.
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KASAKCTAH FblJibIMbl MEH TEXHUKACHI.
elSSN 2788-8770. Ne 1, 2024

IKOJIOI'MYECKHUE ACIHHEKTBI IEPEPABOTKHA 3EPHUCTbBIX
OUJIBTPOB IJIAA PAOUHUPOBAHUSA TIEPBUYHOI'O ATIOMUHUA

B oannoti cmamve npedcmasnenvl pesynbmamvl IKCHEPUMEHMATLHBIX
uccre008anull No 808IeUEHUI0 8 NepepabomKy OmpadbomaHHbIX GUILMPOE U3 30716l
U 30]I0ULIAKOBLIX OMX0008, UCHONbL3YEMbIX NPU pPAYUHUPOBAHUU NEPBUUHO2O
anoMuHus 6 Kauecmee 3ANONHUMENs NpU  NPOU38oocmee Oemoua 0
CMPOUMENbHBIX U30ETUII.

Hccneoosanusi npooounucy 6 pamkax 2epaHmosoco QUHAHCUPOBAHUSL
Komumema nayxu Munucmepcmea nayku u gvicuieco oopazosanus Pecnyoauxu
Kasaxcman no «kouxypcy «Kac lanvim» no npoexmy HPH AP19175493
«Paspabomka mexnonoeuu pagunuposanus nepeuyHO20 ANOMUHUSL QUILMPAMU C
AKMUBHOU NOBEPXHOCMBION.

Ilepepabomxka ompaboOmMaHHbIX 3ePHUCIBIX DUIBIMPOE OCYUIECMBIANACL 8
mpu amana: npeosapumenbHas nepepabomra 3eper Guibmpa Oas OUUCMKU Om
ANIOMUHUEB020 — CKpand, MemallypeuuecKas nepepabomka  omoenreHHO20
AIOMUHUEB020 CKPANa MemoooM nepeniasa 6 UHOYKYUOHHOU Mu2eIbHoU nedu u
pagunuposanuem no KOMNIEKCHOU MeXHOL02UU, ONUCAHHOU asmopamu 6 pabome,
nosiyuenue OEMOHHOU CMeCU HA OCHOBE USMENbUYEeHHbIX OMPAOOMAHHbIX 3epeH
Qurompa, keapyesozo necka u OOKCUMOB020 wiiama, omcesa OpodIeHUs. 20PHBIX
nopoo ¢paxyueti 20-30 mm u nopmianoyemenma OJis NOJAYHeHUs 00pPaA3yo8
CMpouUmenbHbIX U30eUll.

Ilo pe3ynomamam ucneimanuti npedei npouYHOCMU 00paA3yos bGemoua
cmpoumenvrulx usdeauti cocmasnsiem 20,89 — 37,75 Mlla ¢ 3aeucumocmu om
cooepacanusi nopmaanoyemenma (om 20 0o 40 %) u coomeemcmeyem Kuaccy
msadiceno2o bemona.

Knrouesvie cnosa: anomunuii, sepuucmolii. @Guibmp, 3010ULTKAK, OMX0O0,
PeYUuKIUHe.
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Tepyre 18.03.24 x. xibepingi. bacyra 29.03.24 x. KOJI KOHBUIIBL.
DNEeKTPOHIBIK Oacma
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