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Abstract. The paper presents the results of studying the use of bentonite clay as part of a 
complex binder for briquetting finely dispersed dust generated during the production of ferro-
silicon. Samples obtained with various compositions and compaction pressures were studied. 
As a result of the study, it was determined that the use of bentonite clay as part of a com-
plex binder made it possible to obtain briquettes of increased strength. The most optimal for 
briquetting is the following composition of the charge: finely dispersed dust of ferrosilicon 
production – 85%, water – 5%, binder – 10%, of which liquid glass – 3-7%, bentonite clay 
the rest. Briquette production modes were as follows: the drying temperature 40°C within 60 
minutes, compaction pressure 50 kN. This method of producing briquettes makes it possible 
to provide briquettes with the silicon content comparable to the content in the main products 
and to obtain the technologically necessary strength of the briquette (about 38-40 MPa).

Keywords: finely dispersed dust of ferroalloy production, liquid glass, bentonite clay, strength, 
compaction pressure.

Introduction. At present, there is gen-
erated a lot of substandard waste of ferroal-
loy production. Dust-like waste obtained from 
crushing largely loses its production and ma-
terial value, in contrast to the final product. 
Recycling of industrial waste generated during 
production of ferroalloys is becoming increas-
ingly important. One of the tasks at such en-
terprises of the Karaganda region as the Asia 
FerroAlloys LLP and the YDD Corporation LLP is 
to produce briquettes made of finely dispersed 
dust of ferrosilicon production. For briquettes, 
one of the main quality indicators is strength. 
In turn, one of the important factors ensuring 
strength, alongside with technological modes 
of pressing and sintering, is the binder.

Liquid glass is usually used as a binder, 
however, there are a number of studies that 
deal with the use of various components as a 
binder.

For example, work [1] presents studying 
the technological properties of carbon-con-
taining materials as an assessment of their 
feasibility when used as an alternative bind-

ing additive in the process of granulating dusty 
waste of ferroalloy production.

The issue of using carbon-containing mate-
rials as a binder during briquetting is also dis-
cussed in work [2]. It examines the pros and 
cons of using carbon-containing binders to bri-
quet ferrosilicon dust for reuse. Comparing the 
characteristics of the technological indicators 
of various coal materials is shown, including 
the issue of the fire hazard of such materials.

Invention [3] deals with the issue of in-
creasing the strength of briquettes that can be 
used in briquetting silicon-containing materi-
als. This method involves dosing and mixing 
together the components of the charge that 
includes ferrosilicon, finely dispersed dust of 
ferroalloy furnace gas purification, strengthen-
ing additives and briquetting the charge.

To reduce the amount of fine dust gener-
ated during production of ferrosilicon, method 
[4] of its briquetting for the purpose of reuse 
was proposed. Under production conditions, 
the possibility and feasibility of pressing the 
dust that is formed when smelting ferrosilicon 



54

Труды университета №4 (97) • 2024

with the use of the electroslag remelting meth-
od was studied, and the technological modes 
of briquetting were determined. A pilot batch 
of briquettes was produced of the dust fraction 
waste. There were used the charge materials 
of smelting ferrosilicon in DC furnaces using 
various binding additives. 

Another method of briquetting dusty waste 
of ferrosilicon production [5] involves the fol-
lowing sequence of operations: ferrosilicon is 
dosed, mixed with an alkaline binder consisting 
of silica and an aqueous solution of the alkali 
element sodium or potassium hydroxide; the 
resulting mixture is pressed into briquettes, the 
briquettes are dried and strengthened. Before 
mixing begins, an inorganic material such as 
bentonite, or an organic material such as poly-
styrene, is introduced as a plasticizer. Before 
drying, the briquettes were pre-strengthened 
by neutralizing the alkali element hydroxide in 
the binder material of the mixture by treating 
the compacted briquettes with carbon dioxide. 
This method makes it possible to reduce the 
degree of silicon oxidation in briquettes and to 
improve their solubility in melts.

The purpose of this study is to test the pos-
sibility of using clay as a binder in the process 
of briquetting finely dispersed dust of ferroal-
loy production.

Research methods. The object of study 
was finely dispersed dust generated in the pro-
duction of ferrosilicon grade FS70 at the YDD 
Corporation LLP plant (Karaganda). The chem-
ical composition of the conditioned FS ferrosil-
icon grade is given in Table 1.

The analysis of the fractional composition 
of ferroalloy dust using an analytical sieving 
machine from the Retsch (Germany) shows 
that the bulk of particles (≈ 70%) are the 
0-0.6 mm fraction. The fraction 0.7-1.0 mm 
was ≈ 25%. The content of particles > 1 mm 
was less than 5%.

To determine the feasibility of producing 
briquettes of finely dispersed dust of ferrosili-
con production in industrial conditions, identi-
cal laboratory studies of the FS70 grade were 
carried out; briquettes with different binder 
compositions were studied. The criterion for 

the condition of a briquette was its strength 
and silicon content.

Mixing the components (Table 2) was car-
ried out in laboratory roller-type runners. A 
complex composition of liquid glass and ben-
tonite clay is proposed as a binder. Various ra-
tios of these additives were studied.

Pressing was carried out into molds with a 
diameter of 50 mm using a laboratory press 
with a pressure of up to 500 kN. The briquettes 
were sintered in a Snol-67/350 drying oven.

The briquette production was carried out in 
two modes with the same temperature (drying 
temperature 40°C, drying time 60 minutes) 
and different pressure values (Table 3). As 
comparison samples, there were used samples 
of series 0 obtained by briquetting dust, water 
and liquid glass in the same ratio.

Research results. The strength charac-
teristics of the briquettes (Figure) are present-
ed in Table 4. The compressive strength was 
determined on a floor-standing machine for 
determining tensile and compressive strength 
Instron 5982. The chemical composition was 
controlled on a SPAS-05 emission spectrom-
eter.

It can be seen from the data in Table 4 that 
the use of a complex binder (bentonite clay 
3-7%, liquid glass the rest) leads to increasing 
the compressive strength of the briquette by 
27-33%.

However, the total binder content should 
not exceed 10% by weight. Further increasing 
the amount of binder does not lead to a notice-
able increase in the strength of the briquette.

A probable strengthening mechanism is the 
enveloping (cladding) of dispersed dust parti-
cles with clay and their good adhesive bond in 
the liquid glass environment. The most optimal 

Table 1 – Chemical composition of 
ferrosilicon grade FS70

Element Fe Si Al C Mn
Content 26.7 71.2 1.8 0.1 0.2

Table 2 – Compositions of briquette samples

Component
Component content in the sample

No. 0 No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
Finely dispersed duct 80 80 80 80 85 85 85
Water 5 5 5 5 5 5 5
Liquid glass 15 10 8 6 7 5 3
Bentonite clay - 5 7 9 3 5 7



55

Раздел «Машиностроение. Металлургия»

total binder content is about 10% but exceed-
ing it is not advisable, since this results in the 
formation of a thicker layer between the parti-
cles, which can be subject to brittle fracture as 
a result of loads.

In addition, increasing the binder content 
negatively affects the silicon content in the bri-

quette.
It was established that the optimal com-

paction pressure for briquettes with a complex 
binder composition was 50 kN. Further in-
creasing pressure is not advisable, since it has 
virtually no effect on increasing the briquette 
strength.

Conclusion. As a result of the studies, it 
was determined that the use of bentonite clay 
as part of a complex binder made it possible 
to obtain briquettes of increased strength. The 
most optimal for briquetting is the following 
composition of the charge: finely dispersed 
dust from ferrosilicon production – 85%, wa-
ter – 5%, binder – 10%, of which liquid glass 
– 3-7%, bentonite clay the rest. Briquette 
production modes were as follows: the drying 
temperature 40°C within 60 minutes, compac-
tion pressure 50 kN.

This method of producing briquettes makes 
it possible to provide briquettes with the a sil-
icon content comparable to the content in the 
main products and to obtain the technological-
ly necessary strength of the briquette (about 
38-40 MPa).

Table 3 – Modes of manufacturing 
briquettes of finely dispersed dust produced 
by FeSi

Type of the 
binding additive Mode Compaction 

pressure, kN

Sample No. 1
А 40
В 50
С 60

Sample No. 2
А 40
В 50
С 60

Sample No. 3
А 40
В 50
С 60

Sample No. 4
А 40
В 50
С 60

Sample No. 5
А 40
В 50
С 60

Sample No. 6
А 40
В 50
С 60

Table 4 – Results of studying the samples

Sample Compressive 
strength, МPа

Silicon content, 
including silicon oxide, %

No. 0 А 23 68.5
No. 0 В 23 69.7
No. 0 С 26 69.7
No. 1 А 21 64.2
No. 1 В 23 64.8
No. 1 С 24 64.9
No. 2 А 25 66.3
No. 2 В 24 66.1
No. 2 С 25 66.7
No. 3 А 23 67.5
No. 3 В 26 67.3
No. 3 С 28 67.3
No. 4 А 34 69.5
No. 4 В 36 69.6
No. 4 С 37 69.8
No. 5 А 36 70.1
No. 5 В 38 70.4
No. 5 С 40 70.3
No. 6 А 35 70.9
No. 6 В 38 71.2
No. 6 С 42 71.1

A briquette sample
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veloping the technology of obtaining a standard product using finely dispersed dust of ferroalloy 
production».

REFERENCES

1. Borovik S.I., Alshakova A.S. Assessment of the technological properties of coal binders during granulation 
of ferrosilicon dust. In the collection: Life safety through the eyes of youth. Proceedings of the V All-
Russian student conference (with international participation): in 2 volumes. Ministry of Science and 
Higher Education of the Russian Federation; South Ural State University (national research university), 
Department of Life Safety. 2019. Pp. 13-18.

2. Borovik S.I., Alshakova A.S. Possibility of using coal tar binders for briquetting ferrosilicon dust. In the 
collection: Life safety: problems and solutions – 2018. Proceedings of the II International Scientific and 
Practical Conference. Under the general editorship of Sukhanov S.F., 2018. Pp. 4-8.

3. Petrov A.V., Raigorodetsky M.V., Drozhilov L.A., Vasadze G.Sh., Arabuli I.A., Kiknadze N.G., Ishutin V.I., 
Tskitishvili A.A. Method of briquetting manganese-containing materials. Copyright certificate SU 1458404 
A1, 02/15/1989. Application No. 4281686 dated July 10, 1987.

4. Protsenko E.L., Zhukovsky T.F. Experimental studies of the process of briquetting fine dust from ferrosilicon 
production. Bulletin of the Belgorod State Technological University named after V.G. Shukhov. 2014. No. 
6. Pp. 187-191.

5. Root E.P., Gerner V.I., Nikiforov A.P., Nikiforov S.A., Nikiforova M.V. Method of producing briquettes 
of ferrosilicon powder waste. Patent for invention RU 2270262 C1, 02/20/2006. Application No. 
2004123307/02 dated July 28, 2004.

Ферросилиций өндірісінің жоғары дисперсті шаңын брикеттеу кезінде сазды 
байланыстырғыш ретінде пайдалану
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Аңдатпа. Жұмыста ферросилиций өндірісінде пайда болатын жоғары дисперсті шаңды 
брикеттеу кезінде кешенді байланыстырғыштың құрамында бентонит сазын қолдану бо-
йынша зерттеулердің нәтижелері келтірілген. Әр түрлі композициялар мен престеу қысы-
мынан алынған үлгілер зерттелді. Зерттеулер нәтижесінде бентонит сазын кешенді байла-
ныстырғышта қолдану беріктігі жоғары брикеттерді алуға мүмкіндік беретіні анықталды. 
Брикеттеу үшін ең оңтайлы-шихтаның келесі құрамы: ферросилиций өндірісінің жоғары 
дисперсті шаңы – 85%, су – 5%, байланыстырғыш – 10%, оның ішінде сұйық шыны – 
3-7%, қалғаны бентонит сазы. Брикеттерді дайындау режимдері: кептіру температурасы 
– 40°С 60 мин, престеу қысымы – 50 кН. Брикеттерді өндірудің бұл әдісі негізгі өнімдерегі 
мазмұнымен салыстырылатын бар брикеттерді беруге мүмкіндік береді, кремний құрамы 
және брикеттің технологиялық қажетті беріктігін алады (шамамен 38-40 МПа).

Кілт сөздер: ферроқорытпа өндірісінің жоғары дисперсті шаңы, сұйық шыны, бентонит 
сазы, беріктігі, басу қысымы.
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Аннотация. В работе представлены результаты исследований по использованию бен-
тонитовой глины в составе комплексного связующего при брикетировании высокодис-
персной пыли, образующейся при производстве ферросилиция. Исследовались образцы, 
полученные из различных составов и давлениях прессования. В результате исследований 
определено, что использование бентонитовой глины в составе комплексного связующего 
позволяет получить брикеты повышенной прочности. Наиболее оптимальным для бри-
кетирования является следующий состав шихты: высокодисперсная пыль производства 
ферросилиция – 85%, вода – 5%, связующее – 10%, из них жидкое стекло – 3-7%, глина 
бентонитовая – остальное. Режимы изготовления брикетов: температура сушки – 40°С 
в течение 60 мин, давление прессования – 50 кН. Такой способ изготовления брикетов 
позволяет обеспечить брикеты с содержанием кремния, сопоставимым с содержанием в 
основной продукции, и получить технологически необходимую прочность брикета (по-
рядка 38-40 МПа).

Ключевые слова: высокодисперсная пыль ферросплавного производства, жидкое стек-
ло, бентонитовая глина, прочность, давление прессования.
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