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Abstract. The article discusses the prospects of recycling the most massive wastes of aluminum production (namely, used cathode blocks of electrolyzers, 
gas treatment dust, gas treatment residue, and flotation tailing). It have been indicated the volumes of wasteaccumulation and a special attention has 
been focused on the need of their disposal with a view to improve the environmental conditions of the territories adjacent to the industrial zones.
Specific characteristics of the generated waste have been determined, which indicate the possibility of their secondary use and transfer from waste 
to by-products.Existing technical solutions relevant to the issue have been reviewed, and the reasons preventing their implementation have been 
explained. The most promising methods of waste processing to be carried out successfully in the current economic conditions have been identified.
Spent cathode blocks can be used at ferrous metallurgy enterprises (in blast furnaces and converters) as a substitute for expensive coke and fluorspar, 
and finely dispersed waste can be used at cement enterprises. The areas have been determined that in the future will significantly increase the volume 
of processing and the demand for these wastes of the aluminum industry in technological processes of ferrous metallurgy. The possibilities for coope
ration between aluminum refineries and ferrous metallurgy enterprises, as well as other related industries, were emphasized in detail. 
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At present, the prospects of aluminum industry are 
closely connected to development of resource conservation 
and environmental technologies aimed at efficient process-
ing of secondary materials and industrial waste utilization. 
Industrial waste of the aluminum industry constitutes about 
20  % of all the refuse generated in the production of non–
ferrous metals in Russia [1]. 

Currently, most of the aluminum is produced by elect
rolysis of cryolite–alumina melts in electrolyzers with 
self-baking Soderberg anodes. Waste materials typical for 
such a technology include electrofilter dust, gas treatment 
residue, flotation tailings as well as used cathode lining of 
electrolyzers. The issues pertaining to effective utilization 
of that waste have been repeatedly addressed in the scien-
tific and technical literature [2 – 5].

For example, the work [3] discusses a technology that 
allows utilization of cathode lining of electrolyzers by sin-

tering the lining during the process of alumina production. 
The authors present a combination method of utilizing the 
lining where the pyrometallurgical process is followed by 
the leaching of the sintered products.

The mechanical method of utilizing the carbon part 
of  the lining consists of subjecting the part to flotation with 
a  view to obtain a fluorine concentrate which then is used in 
the electrolysis production of aluminum [4]. Likewise, for 
electrolyzers with Soderberg anodes, there exist techniques 
for introducing the carbon part of the lining into the anode 
mass  [5]. However, the material costs associated with the 
preparation of the coal lining as well as its negative impact 
on the anode technology exceed the economic effect related 
to utilization of this type of waste. 

Physical and chemical foundations of the carbonation 
method of regenerating fluorine from the used lining as well 
as the methods of intensification of the process are presented 
in  [1]. The specialists of “SibVAMI”, JSC, Irkutsk, made 
a  great contribution to the development and implementation of 
this technology at Achinsk Alumina Refinery (ALR)  [1,  2,  5].
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The possibility of using fine materials of the slurry fields 
in production of cement is considered asthe most promising 
and economically feasible option [5]. Based on the studies 
conducted at Angarsk Cement Plant (“Angarskcement”, 
JSC), an optimal amount of the fine materials additive 
introduced into the raw slurry was determined, and the eco-
nomic effect of reducing the volume of conventional fuel 
used in the process was demonstrated. 

The use of fluorocarbon–containing materials as a re-
placement for traditionally used fluorspar–based minera
lizers in the process of obtaining Portland cement clinker 
is described in  [6  –  10]. The authors examined the influ-
ence thatsuch types of waste have on the burning process 
of cement clinker and the quality of the final product. Com-
parative analysis of the microstructure of Portland cement 
clinker was also conducted, and the properties of the ob-
tained cement (in accordance with GOST 310.4–81) were 
explored.

Among a wide variety of methods for processing and 
disposal of cathode blocks and fluorocarbon-containing ar-
rays of the slurry fields, it is deemed essential to consider 
the techniques most suitable for large-scale implementa-
tion.

Used cathode hearth blocks are a lumpy dark gray mass 
with small pores (up to 0.2  mm) which are quite uniform-
ly filled with fluoride salts. The density of cathode blocks 
reaches 2.5  g/cm3. Used cathode blocks are the main com-
ponent of the waste generated by the aluminum industry as 
10  –  12  kg of the refuse is produced per 1  ton of commer-
cial aluminum  [1]. Used cathode blocks can be partially uti-
lized, and the valuable components may be returned to the 
process of aluminum production  [11]. However, as a result 
of the change in the technology of electrolytic production of 
aluminum, most of the developments related to the return of 
valuable components (Na,  Al,  F) in the electrolysis process 
has lost relevance. For instance, acidification of electrolytes 
in the aluminum electrolyzers led to a change in the ba
lance of the consumption structure of fluorine and sodium 
compounds. There is a disproportion between the increased 
release of alkaline regenerative cryolite (because of the in-
creased concentration of HF in the electrolysis gases due 
to the use of acid electrolytes) and its limited application 
in aluminum electrolysis. Therefore, the use of such waste 
materials in related industries is deemed rational.

Average chemical composition of the samples of used 
cathode lining is presented in Table  1.

As seen, the fluorine content in the carbon blocks equals 
around 15  %, which is enough to ensure their successful 
application in ferrous metallurgy where various techniques 
are used to accelerate slag formation during steel smelting. 
It can also be achieved by introducing the materials reduc-
ing the slagmelting point into the charge. Fluorspar CaF2 is 
commonly used for that purpose, as its inclusion reduces 
the viscosity of the slag and ensures high process efficien-
cy. However, as its natural reserves are limited, fluorspar is 
quite an expensive and scarce raw material. Hence, a wide 
range of natural and artificial materials containing fluorides 
of alkaline and alkaline earth metals, such as NaF, KF, 
MgF2 , has been tested in ferrous metallurgy.

Coal blocks of used electrolyzers appear to be the most 
valid replacement of fluorspar.  Due its bulk composition 
and sufficient mechanical strength, the blocks can be used 
inconverter without significant preparation  [12,  13]. When 
the fragments of the used blocks are heated, fluorine from 
cryolite and chiolite passes into thermally stable compounds 
CaF2 , CaO·11Al2O3·7CaF2 , which perform the function of 
a fusible low–viscosity flux, and the burning carbon pro-
vides additional energy to the process.

Industrial tests of the coal blocks in converter were car-
ried out at the West Siberian Metallurgical Plant (“ZSMK”, 
JSC). A total of 45 pilot heats were conducted, which al-
lowed to determine the methodology andto prove the fea-
sibility of replacing fluorspar with the coal blocks  [1]. The 
first pilotheatconfirmed the need for thorough preparation 
of the used blocks with regard to their fractional compo-
sition, as large pieces create difficulties during transporta-
tion along the existing supply routes of the charge mate-
rials. Besides, the ingress of large pieces of the blocks in 
converter in the last third of the blow process causes its 
intense combustion in slag even after the blow. That, in 
turn, leads to intense gas emission and incomplete assimila-
tion of the carbon blocks by metallic and slag melts. The 
optimal fractional composition of the blocks  –  20  mm to 
80  –  100  mm  – was determined empirically.

During the tests, it was discovered that to improve slag 
formation, it is advisable to ore down the most of the coal 
blocks at beginning of the blowing process. In that case, 
fluxing effect is slightly delayed in comparison with the use 

Ta b l e  1

Chemical composition of the samples of used cathode lining

Таблица 1.  Химический состав образцов отработанной катодной футеровки

Components 
of the lining

Elements and compounds, %, mass.

F Al Na SiO2 Fe2O3 SO4 Ca Mg Tar LOI
(loss–on–ignition) Al4C3

Coal hearth blocks 13.8 10.2 10.0 1.66 3.34 0.52 0.94 0.81 0.15 49.61 7.25
Coal side blocks 14.8 8.2 12.0 1.40 1.33 1.00 2.07 1.25 0.15 38.80 2.60
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of fluorspar.  Yet, the effect of oxides and fluorides of alka-
line and alkaline-earth metals contained in the coal blocks 
is longer and more uniform, in contrast to the short–term 
effect of fluorspar. 

Aluminum industry generates large volumes of fine 
fluorocarbon–containing waste.   It includes gas treatment 
dust, gas treatment residue, and coal foam flotation tail-
ings, which are formed in approximately equal volume of 
10  –  12  kg per ton of commercial aluminum [1]. Average 
chemical composition of contents of the slurry field is pre-
sented in Table  2.

Generation and accumulation of this type of waste cre-
ates a serious problem for aluminum plants. For instance, 
the annual volume of waste stored in the slurry fields of 
four refineries located in Siberian Federal district (Irkutsk, 
Bratsk, Krasnoyarsk and Novokuznetsk aluminum plants) 
exceeds 70  thousand  tons. The slurry fields at the refine
ries are close to being filled completely  [7]. The formation 
of new slurry fields is problematic due to the complexity 
of land acquisition (namely, lack of available space in the 
immediate vicinity of refineries) and significant financial 
costs.   

Fine fluorocarbon-containing dust is partially used in 
the process of burning cement clinker in the cement indust
ry  [5,  7,  14]. A number of cement factories are forced to 
work with so-called high-sintering/hard-to-produce raw 
materials. At these plants, fluorspar is commonly used to 
intensify the process of reactions in solid phases. A dust-
like fraction from the slurry fields of aluminum refineries 
can serve as an adequate replacement for that material.  
At  a  given concentration, the dust mixture is easily mixed 
in the raw slurry preparation tanks for feeding to the kiln. 

Besides, this additive produces a double effect – fluorine 
ions lower the melting point, and carbon, while burning, 
saves fuel, which significantly reduces the cost of the final 
product.

The impact fluorocarbon–containing additives have on 
the degree of decarbonization is displayed in Fig.  1.

Fig.  1 demonstrates the temperature dependence of the 
degree of calcium carbonate decompositionduring burn-
ing of the raw slurry (1) and the slurry with an additive  (2) 
(0.1  % equivalent to fluorine). The dependence is obtained 
by graphical and mathematical processing of the corre-
sponding derivatograms. Fig.  1 shows that at the same tem-
peratures the degree of CaCO3 decarbonization in the sam-
ple with an additive is 20  –  60  % higher than in the sample 
consisting of the raw slurry, which automatically reduces 
the specific fuel consumption.

However, fine fluorocarbon-containing wastes of alu-
minum production have not been implemented into the ce-
ment industry on the large scale as such wastes contain so-
dium, and content of sodium in the final product is strictly 
regulated. 

Since 2009, only Angarsk Cement Plant has been fully 
using fine fluorocarbon–containing materials. It was pre-
ceded by a long-term collaboration between cement tech-
nologists and metallurgists with a view to prepare all com-
ponents of the raw slurry and determine the exact dosages 
of fluorocarbon–containing additives.

Numerous experiments conducted at Angarsk Cement 
Plant have determined that addition of fluorocarbon–con-
taining dust in the amount of 0.15  % (equivalent to fluo-
rine) to the composition of the raw slurry increases sodium 
content in the outgoing clinker by 0.05  –  0.06  % which is 

Ta b l e  2

Chemical composition of the contents of slurry field

Таблица 2. Химический состав содержимого шламового поля

Chemical composition, % (wt.) Molecular composition, % (wt.)

Element Element content 
(average) Compound Formula Compound content 

(average)
F 19.5 Cryolite Na3AlF6 11.05
Al 11.6 Chiolite Na5Al3F14 21.81
Na 10.3 Aluminum oxide Al2O3 12,00
Ca 0.85 Calcium fluoride CaF2 1.66
Mg 0.2 Magnesium fluoride MgF2 0.33
C 45.0 Carbon C 45.0
Fe 1.4 Iron oxide Fe2O3 2.00
Si 0.25 Silicon oxide SiO2 0.54
S 0.9 Sodium sulphate Na2SO4 4.00

Other 10.0 Other – 1.61
Note: 1) particle size distribution: 85  % (wt.) is a fraction of 0.2  –  0  mm, class 

0.2  –  1.0  mm – not more than 15 % (wt.); 2) Moisture not more than 20 % (wt.).
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Fig. 2. Briquettes made of the pulverized waste

Рис. 2.   Брикеты из пылевидных отходов

Fig. 1 Temperature dependence of the degree of CaCO3 
decarbonization during the burning process:        

1 – raw slurry; 2 – raw slurry + additive 0.10 % (wt.) 
equivalent to fluorine

Рис. 1 Температурная зависимость степени 
декарбонизации CaCO3 при обжиге:               

1 – индивидуальный сырьевой шлам; 
2 – сырьевой шлам + добавка  0,10 % (по массе) в пересчете на фтор

not considered critical. At the same time, rheological pro
perties of the raw slurry have been improving, and the 
specific consumption of the conventional fuel has been re-
duced by 6  kg/t (3  %). Besides, all the quality indicators 
of the obtained clinker are preserved. The experience of 
Angarsk Cement Plant can serve as an example for other 
cement factories that use fluorine–containing mineralizers.

Transformation of the dust fraction into durable bri-
quettes, convenient for loading and transportation, could 
open the possibility for the large-scale use of the contents 
of the slurry fields in related industries (Fig.  2).

This material could be utilized in ferrous metallurgy 
both in converter processing (according to the scheme pre-
sented above) and in blast furnaces as a partial replacement 
of coke. It would also make possible to produce briquettes 
that could perform several functions simultaneously. For 
example, upon the addition of lime to the pulverized mix-
ture, the resulting briquette could also serve as a desulfu
rizer. However, serious requirements are imposed on such 
briquettes in terms of their mechanical strength and mois-
ture resistance. 

Namely, the resulting briquettes should be able to:
– withstand three times the load when loaded with a me-

chanical shovel into cars; smalls formation not to exceed 
9  %;

– absorb moisture not exceeding 8 % when in the open;  
and 

– the binders should not affect the functional properties 
of the additive.

The process of obtaining briquettes of a given quality 
constitutes separate work that has not been conducted un-
til the present moment  [1,  9,  15  –  25]. This work may be 
particularly important for enterprises engaged in the pro-
duction of electrode, cathode and carbon graphite products, 

which also accumulate a significant amount of high calorie 
fine coal dust. 

Conclusions. The use of cathode blocks in the field of 
ferrous metallurgy was established to be the most rational 
way of their utilization. The benefits for aluminum refi
neries are primarily associated with minimizing the cost 
of cathode blocks utilization;   the advantages for ferrous 
metallurgy enterprises deal with the possibility of replacing 
expensive substances such as coke and fluorspar with cheap 
processed carbon–containing raw materials.

The use of fine waste of aluminum industry in the ce-
ment production was determined to be the most efficient 
way of handling such refuse. As the issue has been exa
mined sufficiently, and the technology has been practically 
tested, successful disposal of fine waste of the aluminum 
production requires close cooperation between aluminum 
and cement plants in order to determine the needs and capa-
bilities of the interested parties.
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Аннотация. Представлены наиболее  масштабные виды отходов алю-
миниевого производства (отработанные катодные блоки электро-
лизеров, пыль газоочистки, шламы газоочистки, хвосты флотации 
угольной пены).  Обозначены объемы их накопления и акценти-
ровано внимание на необходимости их утилизации для улучше-
ния экологической обстановки прилегающих к предприятиям 
территорий. Определены специфические характеристики образо-
вавшихся отходов, указывающие на возможность их вторичного 
использования и перевода из разряда отходов в побочные про-
дукты. Рассмотрены возможности переработки, проведен обзор 
существующих по данному направлению технических решений, 
а также объяснены причины, препятствующие их реализации. 
Определены наиболее перспективные способы переработки от-
ходов, реализацию которых можно произвести в существующих 
экономических условиях. Отработанные катодные блоки могут 
быть использованы на предприятиях черной металлургии (в до-
менных печах и конвертерах) в качестве замены дорогостоящего 
кокса и  плавикового шпата, а мелкодисперсные отходы – на пред-
приятиях цементной промышленности. Обозначены направления, 
которые в будущем позволят существенно увеличить объемы пе-

реработки, повысить востребованность указанных отходов алю-
миниевой промышленности в технологических переделах черной 
металлургии. Несмотря на то, что особое внимание уделено пер-
спективам сотрудничества алюминиевых заводов с предприятия-
ми черной металлургии, показаны примеры уже внедренных ре-
шений по совершенствованию сырьевой базы в других смежных 
отраслях промышленности.

Ключевые слова: алюминиевое производство, отходы, пыль электро-
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