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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).
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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 HEEN
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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

Table 2 — Compositions of briquette samples

Table 1 — Chemical composition of
ferrosilicon grade FS70

Element Fe Si Al C Mn
26.7 71.2 1.8 0.1 0.2

Content

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

Component content in the sample
Component
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
Liquid glass 15 10
Bentonite clay - 5




Table 3 — Modes of manufacturing
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Table 4 — Results of studying the samples

briquettes of finely dispersed dust produced Compressive silicon content
by FeSi Sl strength, MPa  including silicon oxide, %

Type of the Compaction No.0 A 23 68.5

. " Mode
binding additive pressure, kN No.O B 23 69.7
A 40 No.0C 26 69.7
Sample No. 1 B 50 No.1A 21 64.2
C 60 No.1B 23 64.8
A 40 No.1C 24 64.9
Sample No. 2 B 50 No.2 A 25 66.3
C 60 No.2 B 24 66.1
A 40 No.2 C 25 66.7
Sample No. 3 B 50 No.3 A 23 67.5
€ 60 No.3B 26 67.3
A 40 No.3C 28 67.3
Sample No. 4 B >0 No. 4 A 34 69.5
C 60 No.4 B 36 69.6
A 40 No. 4 C 37 69.8
Sample No. 5 B 50 No.5 A 36 70.1
c 60 No.5 B 38 70.4
A 40 No.5C 40 70.3
Sample No. 6 B 50 No. 6 A 35 70.9
C 60 No. 6 B 38 71.2
No. 6 C 42 71.1

quette.

A briquette sample

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-

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 brigquettes 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).
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AHpaTtna. )XyMmbicTa eppocunnumi eHgipiciHae navga 60/aTbiH XXOFapbl AUNCIEPCTi LUaHAbl
bpuKeTTEYy Ke3iHAEe KelleHAi 6ar1aHbICTbIPFbILUITbLIH KypaMbiHAa 6EHTOHUT ca3blH KosagaHy 60-
UbIHLLIA 3epTTeyEPAIH HOTYIKENEPI KENTIpi/ireH. Op TypJli KOMMO3uUUsIap MEH rPECTey KbIChl-
MbIHaH asibiHFaH Y/rinep 3eprrengi. 3epTreynep HoTuXXeCiHAe 6EHTOHUT ca3blH KelueHai 6aina-
HbICTbIPFbILITaA KOJiAaHYy GEpIKTIri Xofapbl 6puKeTTepai anayra MyMKIHAIK 6EPETiHI aHbIKTaaabl.
BbpuKkeTTey yLUiH €H OHTal/bI-LUNXTaHbIH KEeEeCi KypaMmbl: eppocuanuynii eHAIPICiHIH XXofFapbl
ancrnepcri waHbl — 85%, cy - 5%, 6ainaHbicTbiprbil — 10%, OHbIH ilWiHAE CYMbIK LUbIHbI —
3-7%, KasFaHbl 6EHTOHUT ca3bl. bpukeTTepai AabiHAAY pexuMAaepi: KenTipy TeMrnepatypachsl
- 40°C 60 muH, npecrtey KbicbiMbl — 50 KH. bpukeTrepai eHAipyAiH 6y aaici Heri3ri eHimaeperi
Ma3MyHbIMEH Ca/lbICThipbliaTbiH 6ap 6pukeTTepai 6epyre MyMKIiHAIK 6epesi, KpeMHWEI KypaMbl
JKOHE 6PUKETTIH TEXHOIOMrMSI/IbIK KaXXeTTI 6epIKTIriH anaan! (luamameH 38-40 Mlla).

Kint cespgep: oeppoKopbITria eHAIpPICIHIH XXofapbl ANCEPCTI LWaHbl, CYHbIK LWblHbI, 6EHTOHUT
ca3sbl, 6epikTiri, 6acy KbICbIMbI.
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AHHOTaymsa. B pabote npegctaBrieHbl pe3y/ibTaTbl NUCCIEA0BaHMI MO MUC10/1b30BaHUIO 6EH-
TOHUTOBOM [JINHbI B COCTaBE KOMIMJ/IEKCHOIO CBS3YHLEro rpu 6puKeTMpoBaHMy BbICOKOAMC-
rMepCHO Mbliv, 06pa3yoLencs npy rMnpon3BoACTBE eppocuanums. ViccnenoBasince obpasLbl,
r0Js1y4YEHHbIE U3 Pa3JINYHbIX COCTaBOB U AaBJIEHUSIX IPECCOBaHMS. B pe3ynbtarte nccienoBaHui
OrpesesIeHo, YTO MUCroJIb30BaHNe 6EHTOHUTOBOM JINHbI B COCTaBEe KOMIMJIEKCHOIO CBS3YHOLLEro
103BOJISAET MOJIyYNTb GPUKETHI MOBLILUEHHON MPOYHOCTH. Hanbosnee ontumasibHbIM A5 6pu-
KeTUpOoBaHWs SIBJSIETCS CAEAYOLMNIA COCTaB LUMXTbI: BbICOKOAUCIEPCHAS Mbl/lb MPOU3BOACTBA
peppocnnanymns — 85%, Boga — 5%, cesizyroujee — 10%, U3 HUX XnUAKoe CTekI0 — 3-7%, riinHa
6EHTOHUTOBAsi — OCTa/lbHOE. PexxuMbl U3roToB/EHMST BpuUKETOB: TeMmrepatypa cylku — 40°C
B TeyeHue 60 MuH, aaBieHne rnpeccoBaHnsi — 50 kH. Takou crnocob m3roToB/ieHUsT 6pUKETOB
ro3BoJiseT obecneynTb 6puUKeTbl C COAEPXKAHNEM KPEMHMS, COMOCTaBUMbIM C COAEPXXAHUEM B
OCHOBHOV MPOAYKUNU, M MOJYYUTb TEXHO/IOMMYECKN HEO6X0AMMYH MPOYHOCTL bpukeTta (ro-
psiaka 38-40 Mflla).

KnrouyeBbie csoBa: BbICOKOANCEPCHAs bl/1b cbeppocrmaBHoro rnpon3BoACcTBa, XXu/AKoe CTeK-
J10, b6eHTOHUTOBAas r7inHa, rpo4YHoOCTb, AaBJ/IEHUE TIPECCOBaAHUA.
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