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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 surface». 

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 (H3BO3) 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 SiO2 and Al2O3, 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 Al2O3 Fe2O3 FeO TiO2 CaO MgO SO3 e.h.w. hygr. water CO2 ≤ SiO2 

 

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) 

Glass 

phase 

Amorphized 

clay substance 

 

Iron 

oxides 

Feldspar, 

quartz, 

pyroxene 

Corundum, 

mullite, 

cristobalite 

Calcite 
Carbon 

particles 

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; 

 

  
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 

EkostroyNII-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 

number 

Mass fraction of cement, 

(%) 

Mass fraction of 

sand, (%) 

 

Mass fraction of waste granular 

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 100×100×100 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 2 – Test samples 

 

     
 

Figure 3 – Determination of sample strength 

 

Results and discussion 

 

Table 4 – Density of concrete samples 

Sample 

brand 

Mass fraction of AS waste granular 

filters, (%) 

Density, g/sm3 Concrete class 

 

1 0 2,61 

Heavy concrete 

 

2 10 2,39 

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 2 Strength, 

MPa 

Concrete strength 

class 

Concrete grade by 

strength 

1 385 37,75 В30 М400 

2 327 32,06 В25 М350 

3 307,6 30,16 В25 М350 

4 235,3 23,07 В20 М250 

5 213,1 20,89 В15 М200 

 

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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The research was carried out within the framework of grant funding from the Science 
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БАСТАПҚЫ АЛЮМИНИЙДІ ТАЗАРТУ ҮШІН ТҮЙІРШІКТІ СҮЗГІЛЕРДІ 

ҚАЙТА ӨҢДЕУДІҢ ЭКОЛОГИЯЛЫҚ АСПЕКТІЛЕРІ 

Бұл мақалада Құрылыс бұйымдары үшін бетон өндірісінде агрегат ретінде 

бастапқы алюминийді тазартуда қолданылатын күлден және күл-қож қалдықтарынан 

пайдаланылған сүзгілерді өңдеуге тарту бойынша эксперименттік зерттеулердің 

нәтижелері келтірілген. 

Зерттеулер Қазақстан Республикасы Ғылым және жоғары білім министрлігі 

Ғылым комитетінің «Жас ғалым» конкурсы бойынша ЖРН АР19175493 «Белсенді беті 

бар сүзгілермен бастапқы алюминийді тазарту технологиясын әзірлеу» жобасы 

бойынша гранттық қаржыландыру шеңберінде жүргізілді. 

Пайдаланылған түйіршікті сүзгілерді қайта өңдеу үш кезеңде жүзеге асырылды: 

алюминий сынығы тазарту үшін сүзгі дәндерін алдын ала қайта өңдеу; индукциялық 

отшөміш пеші балқыту әдісімен бөлінген алюминий скрабын металлургиялық қайта 

өңдеу және авторлар жұмыста сипаттаған кешенді технология бойынша тазарту; 

сүзгінің, кварц құмының және боксит шламының ұсақталған пайдаланылған дәндері 

негізінде бетон қоспасын алу, тау-кен қалдықтарын жону құрылыс өнімдерінің 

үлгілерін алу үшін 20-30 мм және портландцемент фракциясы бар жыныстар. 

Сынақ нәтижелері бойынша құрылыс бұйымдарының бетон үлгілерінің беріктік 

шегі портландцементтің құрамына байланысты (20–дан 40 %-ға дейін) 20,89–37,75 

МПа құрайды және ауыр бетон класына сәйкес келеді. 

Кілтті сөздер: алюминий, түйіршікті сүзгі, күл қожы, қалдықтар, қайта өңдеу. 
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ЭКОЛОГИЧЕСКИЕ АСПЕКТЫ ПЕРЕРАБОТКИ ЗЕРНИСТЫХ 

ФИЛЬТРОВ ДЛЯ РАФИНИРОВАНИЯ ПЕРВИЧНОГО АЛЮМИНИЯ 

В данной статье представлены результаты экспериментальных 

исследований по вовлечению в переработку отработанных фильтров из золы 

и золошлаковых отходов, используемых при рафинировании первичного 

алюминия в качестве заполнителя при производстве бетона для 

строительных изделий. 

Исследования проводились в рамках грантового финансирования 

Комитета науки Министерства науки и высшего образования Республики 

Казахстан по конкурсу «Жас Галым» по проекту ИРН АР19175493 

«Разработка технологии рафинирования первичного алюминия фильтрами с 

активной поверхностью».  

Переработка отработанных зернистых фильтров осуществлялась в 

три этапа: предварительная переработка зерен фильтра для очистки от 

алюминиевого скрапа; металлургическая переработка отделенного 

алюминиевого скрапа методом переплава в индукционной тигельной печи и 

рафинированием по комплексной технологии, описанной авторами в работе; 

получение бетонной смеси на основе измельченных отработанных зерен 

фильтра, кварцевого песка и бокситового шлама, отсева дробления горных 

пород фракцией 20–30 мм и портландцемента для получения образцов 

строительных изделий. 

По результатам испытаний предел прочности образцов бетона 

строительных изделий составляет 20,89 – 37,75 МПа в зависимости от 

содержания портландцемента (от 20 до 40 %) и соответствует классу 

тяжелого бетона. 

Ключевые слова: алюминий, зернистый фильтр, золошлкак, отход, 

рециклинг. 
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