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Abstract. Ferrosilicochrome (FeSiCr) dust generated during the crushing of commercial ferroalloys represents a fine-
dispersed secondary material with a significant reducing potential; however, its direct application in metallurgical processes
is limited due to high dust losses and poor technological behavior. In this study, a briquetting technology for FeSiCr dust was
developed and investigated with the aim of its use as a reducing agent for the production of chromium—manganese ligatures.

Experimental briquettes were prepared using sodium silicate (liquid glass) as a binder at contents of 5% and 10%,
followed by natural and oven drying. The influence of binder content and drying conditions on the physical and mechanical
properties of the briquettes was evaluated through drop tests and sieve analysis in accordance with relevant standards. The
results showed that increasing the binder content from 5% to 10% slightly improved mass retention during drying; however,
its effect on mechanical strength was limited. The difference in strength between briquettes with 5% and 10% binder did not
exceed 1.5-4%, depending on the drying regime.

Based on the comparative analysis, a binder content of 5% sodium silicate was identified as sufficient to ensure the
minimum mechanical strength required for handling, transportation, and furnace charging, while maintaining economic
efficiency. The proposed briquetting approach enables the rational utilization of FeSiCr dust as a secondary reducing agent
and contributes to improving resource efficiency and sustainability in ferroalloy production.

Key words: FeSiCr dust, briquetting, sodium silicate binder, chromium—manganese ligature, mechanical strength,
secondary reducing agent, ferroalloy production.

Introduction.

Briquetting is one of the widely used technological methods in metallurgy for preparing fine and
dust-like materials for high-temperature processing. This approach makes it possible to increase the bulk
density of charge components, reduce dust losses, ensure uniform material distribution within the furnace
working volume, and stabilize the course of reduction processes. Briquetting is especially relevant for
the recycling of secondary materials and metallurgical by-products that contain valuable elements but
exhibit limited technological applicability in their initial dispersed state [1-4].

During the production of FeSiCr, a significant amount of fine dust is generated at the stages of
crushing and classification of the finished alloy. This FeSiCr dust is characterized by a highly dispersed
structure and contains silicon, iron, residual chromium, and aluminum impurities, which determine its
potential reducing ability. Despite this, FeSiCr dust formed during crushing is usually not returned to the
main technological cycle and accumulates as a difficult-to-utilize by-product [5].

At the same time, the chemical composition and physicochemical properties of FeSiCr dust allow
it to be considered a promising secondary reducing agent for the production of chromium—manganese
ligatures (Cr—Mn alloys). Silicon and aluminum present in an active form are capable of effectively
participating in the reduction of chromium and manganese oxides under high-temperature conditions.
However, the direct use of dust-like FeSiCr material in smelting units is limited due to its high
entrainment, low bulk density, tendency to segregate in the charge, and instability of reduction reactions.

One of the most rational ways to involve FeSiCr dust generated during crushing into the
metallurgical process is its preliminary briquetting. The formation of briquettes increases the mechanical
strength and density of the reducing material, reduces losses of silicon and chromium caused by dust
carryover, and creates conditions for a more uniform and controllable course of reduction reactions
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during chromium—manganese ligature smelting. In addition, briquetting enables targeted control of the
reducing mixture composition through the selection of binders and optimization of briquette

formulations.

In this regard, the development of a briquetting technology for FeSiCr dust used as a reducing agent
in the production of chromium—manganese ligatures represent an important scientific and technical task
aimed at improving the resource efficiency and technological stability of metallurgical processes, as well
as expanding the possibilities for the rational utilization of secondary products of ferroalloy production.

Materials and methods of research.

FeSiCr dust used in this study was obtained during the crushing and screening of commercial
FeSiCr alloy. The dust was characterized by a fine particle size distribution and contained silicon, iron,
residual chromium, and minor amounts of aluminum, which determine its potential reducing ability. Prior
to briquetting, the dust was dried to remove excess moisture and homogenized to ensure uniform
composition. As a binder, a mineral-based binding material was used to provide sufficient mechanical
strength of the briquettes while maintaining thermal stability under high-temperature smelting
conditions. The binder content was selected experimentally to achieve a balance between briquette
strength and minimal influence on the chemical composition of the smelting charge. Water was added as
a temporary plasticizing agent to facilitate briquette formation.

Briquettes were produced by mixing FeSiCr dust with a predetermined amount of binder and water
until a homogeneous mixture was obtained. The prepared mixture was then compacted using a
mechanical press under controlled pressure to form briquettes of a specified geometry and size. After
forming, the briquettes were air-dried at ambient conditions to achieve sufficient green strength and to
remove free moisture. The briquetting parameters, including pressing pressure, binder content, and
moisture level, were selected to ensure adequate mechanical integrity of the briquettes during handling,
transportation, and charging into the furnace.

The obtained briquettes were evaluated in terms of their technological properties. Mechanical
strength was assessed by compression testing to determine the resistance of briquettes to mechanical
breakage during handling. Visual inspection was carried out to identify cracks and structural defects.
Thermal behavior of the briquettes was evaluated qualitatively during heating, with particular attention
to their structural stability, disintegration tendency, and gas evolution behavior prior to melting.

Results and their discussion.

To determine the effect of the type and amount of binder on the quality of the produced briquettes,
an experimental design was developed. Initially, a control group consisting of ten briquettes prepared
from pure FeSiCr dust without any binder was produced. Subsequently, liquid glass (Na>Si03-nH>O)
was used as a binder, and two additional groups were prepared in which the binder content corresponded
to 5 wt.% and 10 wt.% of the total added water mass, respectively. In each case, ten briquettes were
produced, resulting in a total of thirty briquette samples.

All experimental samples were compacted under a pressure of 10 t, ensuring identical compaction
conditions for all briquettes. This approach enabled a reliable comparison of briquette strength and
allowed a comprehensive evaluation of the influence of binder content on their mechanical properties.

To assess the effect of drying conditions on the final strength of the briquettes, the samples from
each group were divided into two subsets. Of the total thirty briquettes produced, fifteen were dried under
natural conditions at room temperature (20-25 °C) for 24 h, while the remaining fifteen were thermally
treated in a drying oven at 200 °C for 120 min. This methodology made it possible to comparatively
analyze the influence of drying regimes on the structural and mechanical properties of the briquettes and
to identify optimal technological parameters.

The mechanical strength of the produced briquettes was determined using a conventional method
in accordance with GOST 21289-75. According to this procedure, each briquette was dropped from a
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height of 2 m onto a flat metal plate, and its resistance to impact loading was evaluated. This test
simulates mechanical stresses encountered under industrial conditions, such as transportation and furnace
charging. After testing, sieve analysis was performed to determine the particle size distribution of the
resulting fragments, and the mass fractions of the +10 mm (intact or large fragments) and —10 mm (fine
fraction) size classes were quantified. A schematic representation of the technological sequence for

preparing a single briquette under laboratory conditions is shown in Figure 1.
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Figure 1. Schematic of the process for preparing one FeSiCr dust briquette

To quantitatively evaluate the quality of the produced briquettes and to determine the optimal
composition and technological parameters, a comparative analysis of the test results obtained for all
experimental groups was performed. The main objective of the analysis was to assess the influence of
the binder content (liquid glass) at levels of 0%, 5%, and 10%, as well as the drying method (natural and
artificial), on the mechanical strength of the briquettes. During each test, the mechanical stability of the
briquettes was evaluated by dropping them from a height of 2 m onto a rigid surface, and the number of
intact and damaged samples after impact was visually recorded.

For a more accurate quantitative assessment of briquette strength, the particle size distribution of
the material after each drop test was determined by sieve analysis. As a result, the mass fractions of two
main size classes were calculated: the +10 mm fraction (intact briquettes or large fragments that
withstood the mechanical load and were considered suitable) and the —10 mm fraction (crushed material
and fines, considered technologically unsuitable). The proportion of the +10 mm fraction was adopted
as the primary criterion for briquette quality. The overall appearance of the produced briquettes is shown

in Figure 2, while the complete quantitative results of the conducted experiments are summarized in
Table 1.

Table 1. Characteristics of Briquettes Containing 5% and 10% Liquid Glass

Liquid glass — 5% Liquid glass — 10%
Ne | Dimensions, . Weight after | Dimensions, . Weight after
@/ | VML | awing g | (@/h) | WOEMLE | arying
1 35/15 43,10 41,15 35/14 48,65 44,05
2 35/15 44,65 40,10 35/14 43,45 41,00
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3 35/15 44,00 41,20 35/14 46,00 42,15
4 35/15 48,00 43,30 35/15 43,00 42,10
5 35/15 48,70 44,25 35/15 46,50 43,50
6 35/15 46,95 43,10 35/15 47,10 43,75
7 35/15 43,45 40,30 35/15 48,10 46,30
8 35/15 46,70 42,15 35/16 47,75 44,20
9 35/16 49,30 43,95 35/16 47,35 43,95
10 35/16 49,15 44,50 35/16 49,50 46,41

F48%

Figure 1. The initial briquette samples prepared from FeSiCr dust for testing

The main physical characteristics of the prepared briquettes, including their dimensions, initial
mass, and mass after drying, are summarized in Table 2. These data allow a quantitative assessment of
the influence of binder content (5% and 10% liquid glass) and drying conditions on briquette mass and
density. To ensure experimental reliability, ten samples were prepared for each group. As shown in the
table, all briquettes exhibited stable geometric dimensions (approximately 35 mm in diameter and 14—16
mm in height), indicating uniform pressing conditions.

For briquettes containing 5% liquid glass, the average initial mass after pressing was 46.4 g, which
decreased to 42.4 g after drying, corresponding to a mass loss of about 8.6%, mainly due to evaporation
of free moisture. In contrast, briquettes with 10% liquid glass showed a lower mass loss during drying,
decreasing from an average of 46.7 g to 43.7 g (approximately 6.4%). This indicates that increasing the
binder content reduces moisture loss during drying and contributes to higher final density.

Overall, the results demonstrate that a higher liquid glass content improves mass retention and
leads to the formation of denser and more stable briquettes. Binder-free briquettes were not included in
the analysis due to their insufficient mechanical strength, which made them unsuitable for comparative
evaluation.

Based on the results obtained from the three-drop strength tests performed from a height of 2 m in
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accordance with the relevant state standard, no significant difference was observed between the
briquettes containing 5% and 10% liquid glass. According to the sieve analysis, the yield of the +10/—10
mm fraction ranged from 66-91% for briquettes with 5% liquid glass and from 70-93% for those

containing 10% liquid glass.

On average, for briquettes dried in a drying oven, samples with 10% liquid glass exhibited
mechanical strength values approximately 1.5-2% higher than those with 5% binder. For briquettes dried
at room temperature, the difference was slightly higher, amounting to about 3—4%.

Overall, increasing the liquid glass content from 5% to 10% does not have a significant effect on
briquette strength. Based on these results, a binder content of 5% can be considered sufficient and
economically optimal for the briquetting of FeSiCr dust under laboratory-scale and industrial conditions.
This concentration provides the minimum mechanical strength required for handling, transportation, and
furnace charging, while maintaining the economic efficiency of the process.

Table 2. Strength indicators of briquettes with different liquid glass contents

Briquettes bonded with 5% liquid glass | Briquettes bonded with 10% liquid glass
Dried in a Dried at room Dried in a Dried at room
JlakTeIpy . .
No drying oven temperature drying oven temperature
Sieve analysis, Sieve analysis, Sieve analysis, Sieve analysis,
+10/-10, % +10/-10, % +10/-10, % +10/-10, %
1 91,11/8,79 87,36/12,64 93,14/6,86 90,00/10,00
2 83,64/16,36 79,14/20,96 85,32/14,68 81,28/18,72
3 81,27/18,73 66,71/33,29 82,13/17,87 70,12/29,88
Conclusion

In this study, a briquetting technology for FeSiCr dust generated during crushing operations was
developed and systematically evaluated with the aim of its use as a reducing agent in the production of
chromium—manganese ligatures. The results demonstrated that preliminary briquetting is an effective
approach for transforming fine FeSiCr dust into a technologically suitable form for high-temperature
metallurgical processing.

Experimental investigations showed that the binder content and drying conditions influence the
physical and mechanical properties of the produced briquettes. Increasing the sodium silicate (liquid
glass) content from 5% to 10% led to improved mass retention during drying and slightly higher final
density. However, the effect of binder content on mechanical strength was found to be relatively limited.
The difference in strength between briquettes containing 5% and 10% binder did not exceed 1.5-4%,
depending on the drying regime, indicating that a further increase in binder content does not provide a
significant technological advantage.

Based on the comparative analysis of drop tests and sieve analysis results, a binder content of 5%
sodium silicate was identified as sufficient to ensure the minimum mechanical strength required for
handling, transportation, and furnace charging of briquettes. This binder level provides an optimal
balance between mechanical stability and economic efficiency, making it more suitable for large-scale
laboratory studies and potential industrial application.

Overall, the developed briquetting technology enables the rational utilization of FeSiCr dust as a
secondary reducing agent and contributes to improving resource efficiency and sustainability in
ferroalloy production. The obtained results provide a solid experimental basis for further studies focused
on the metallurgical performance of the briquettes during chromium—manganese ligature smelting.
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XPOM TOTBIFBIHBIH KPEMHUMMEH TOTBIKCBHI3JIAHY PEAKIIUACHI YIIITH
I'MBBC DQHEPTUACBIHBIH O3I'EPYIH ECEIITEY

KABBIUIKAHOB C.K.

Kao6puikanoB Cyaran KaiibipoekoBu4 — 3-1m1i kypce gokropasrt, I.CepikbaeB aTteiHAars! L1IbFeic-KazakcTaH TEXHUKAIIBIK

YHHUBEpCHTETI, OckeMeH K., KazakcraH.
E-mail: kabyl 96@mail.ru, https://orcid.org/0000-0002-1272-2065

Anpatna. @eppoKophITHa eHIIPICIHIE KOPBITIANAPABI ycaTy Ke3inje Ty3ineTin ¢geppocunrkoxpom (FeSiCr) manpr
KOFaphl TOTBHIKCBI3JAHIBIPFBINI dJI€yEeTKE M€ YCAKAWCIIEPCTI EKiHIN PEeTTIK MaTephan Ooibln TaObuIaabl. Alaiiia OHBIH
METaLTYPrHUsIIbIK MIPOLECTEp/e TiKeJeH KOJIaHbUTYhI IIaHJaHy HIBIFBIHIaPBIHBIH KOFAphl OOJIYbIHA YKOHE TEXHOJOTHSIIBIK
KacHeTTEpiHIH J>KeTKUIKCi3airine OaitmanplcTel mekTeysi. Ocbl JKymbIcTa XpOM-MapraHenTi JWrarypa aiy YIOiH
TOTBIKCBI3JAHBIPFBIN peTiHAe (eppPOCHINKOXPOM MIAHBIH KOJJAaHyFa apHaJFaH OpHUKETTEY TEeXHOJIOTHSICHI J3ipJIeHim,
KEIICH I TYpJe 3epTTEIIi.

OKCIEpUMEHTTIK OpUKeTTep OalIaHBICTHIPFBINI PETIHAE CYWBIK IIBIHBI KOJIAHYy apKbUIbl 5% xoHe 10% memmepae
JTAfBIHANTBI, KeiiH TaOuFH JKoHe MeITIK KeNTipy/1eH oTKi3inai. baimaHsICTRIPFRIIT MOIIIIEpi MEH KEeNTipy JKaFqaiaapbIHBIH
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OpuKeTTepIiH (PU3UKATIBIK )KOHE MEXaHUKAJBIK KaCHETTEpiHEe dCepi TacTay ChIHAKTaphl MEH CJIEKTIK Taugay apKeUIbl THICTi
CTaHAApTTapFa Colikec OaramaHIbl. 3epTTEY HOTIDKENepi OalnaHBICTHIPFBIN Memmepin 5%-man 10%-ra neiliH apTThIpy
KeMTipy Ke3iHAe MAacCaHbIH CaKTAIYBIH a3Jall >KaKCapTaTHIHBIH, ajlaiila OHBIH OPHUKETTepAiH MEXaHHKAIBIK OepiKTirine
THUTI3ETIH ocepi IIeKTeyni ekeHiH kepceTTi. 5% xoHe 10% CyHBIK IIBIHBI KOCBUFaH OpPHKETTEpP apachIHOArbl OEPIKTIK

afBIpMAaIIBUIBIFBI KETITIPY pekuMine OaitnaneicTsl 1,5-4% merinae 00abl.

CasnpICTBIpMANBI TalIay HOTHXKECIHIE CYHBIK MIBIHBIHBIH 5% Medmepi OpHKeTTepli TaChIMaNaay, THEY JKOHE TEIIKe
Oepy YIIH Ka)XXETTI MHUHUMAJIbl MEXaHUKAJbIK OCpIKTIKTI KaMTaMachl3 €Tyre >KETKUIIKTI opi 3KOHOMMKAJIBIK TYPFbIJIaH
OHTAWJIbI €KEHI aHBIKTAbI. ¥ CHIHBUIFAH OPUKETTEY ToCciIl (PePPOCHIMKOXPOM IIAHBIH EKIHII PETTIK TOTHIKCHI3AaHABIPFBILII
perinze THiMAI NalanaHyra MYMKIHAIK Oepim, (eppoKOpbITIIa OHIIPICIHIH PEeCypCTHIK THIMAIIITT MEH TYPaKTBUIBIFBIH
apTTHIpYyFa BIKIAJ eTe.

Tyiiin co3nep: ®CX manpl, OpukeTTey, CYHBIK IIBIHBI, XpPOM-MapraHeUT] JIUrarypa, MeXaHuKaiblK OepiKTiK, eKiHII
PETTIK TOTBIKCHI3IaHBIPFHINI, (peppOKOpHITIIA OHIIpICI.
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Annoranus. ®eppocmwmmkoxpomoas meiib (FeSiCr), oOpasyromasicss mpu IpoOJICHUH TOBAapHBIX (eppOCILIaBOB,
NpeACTaBISIET CO00M MENIKOIUCTIEPCHBIH BTOPHYHBIH MaTepHall ¢ BBICOKUM BOCCTAHOBHUTENBHBIM MOTeHIHANOM. OHaKo eé
ImpsiMoe IpPHUMEHEHHE B METAJUIyprHUeCKHUX IIpolleccaXx OrPaHHYEHO M3-3a 3HAYUTEIbHBIX IMBUIEBBIX IOTEPh H
HEYJIOBJIETBOPUTENILHBIX TEXHOJIOTHUECKUX XapaKTepHCTUK. B maHHO# paboTe pa3paboTaHa M HCCleIOBaHA TEXHOJOTHUS
OpuKeTHpOBaHMsT (EePPOCUIMKOXPOMOBOI MBUIK C 1ENbI0 €€ UCIIOJIb30BaHUS B KaY€CTBE BOCCTAHOBUTEIS TPH MOJTYyUYECHUN
XpOM-MapraHIeBbIX JIUTaTyp.

OKCHepUMEHTAIBHBIE OPUKETHI U3rOTABINBAINCH C MPUMEHEHHEM JKHJIKOTO CTEK/Ia (CHUJIMKaTa HaTpuUs) B KauecTBE
cBs3yromiero B koiuuectBax 5% u 10% c mocrienyromied ecTeCTBEHHON W MeyHoW cyukoil. BnusiHue conepskaHus
CBSI3YIOLIETO M YCIIOBHH CYIIKM Ha (M3MYECKHE W MEXaHHMYECKHE CBOICTBa OPHKETOB OLEHHBAIOCH C HCIIOIb30BaHHEM
UCTIBITAaHWH Ha TaJeHWe ¥ CHTOBOTO aHaJIM3a B COOTBETCTBUM C ACHCTBYIONIMMH CTaHAApTaMH. YCTaHOBJICHO, 4YTO
YBEIMUYEHUE COIeprKaHus cBsi3ytomero ¢ 5% 1o 10% He3HauYUTeNbHO yIIydIIaeT COXPAaHHOCTh MAacChl IIPHU CYIIKE, OJTHAKO €ro
BIIMSHHE Ha MEXaHUYECKYIO POYHOCTH SBJISETCS OrpaHUueHHBIM. PazHuna B mpoyHocTH Mexay Opukeramu ¢ 5% n 10%
CBA3yIOIIEro He npeBbimana 1,5-4% B 3aBUCUMOCTH OT PEXUMA CYIIKH.

Ha ocHOBaHMM CpaBHUTEIBHOTO aHANN3a YCTAaHOBJIEHO, YTO COJIEpXKAHUE KUAKOTO CTEKIa Ha ypoBHE 5% sBIsETCS
JIOCTaTOYHBIM [ OOecreueHuss MHUHHMAaJbHONH MEXaHWYeCKOH IPOYHOCTH, HEOOXOAMMOW I TPaHCIIOPTHUPOBAHMA,
3arpy3KH W Iojayd OpUKETOB B IUIABWIIBHBII arperar, NpH COXPaHEHHWH SKOHOMHUUECKOH 3((EeKTHBHOCTH mpolecca.
[MpeasnoxxeHHbIH 0AX0/1 K OPUKETHPOBAHUIO 00ECTIeYNBAET PAllMOHAILHOE UCIIONIb30BaHHE (PePPOCHUITMKOXPOMOBOA TIBLITH B
KayecTBE BTOPHYHOTO BOCCTAHOBHTENS M CIIOCOOCTBYET IOBBIIMICHHIO PECYpCHON 3P QPEKTHBHOCTH U yCTOMYMBOCTH
(eppocCIUIaBHOTO ITPOU3BO/ICTBA.

Kaiouesnie ciaoBa: ®CX mbiib, OpHKETHPOBAHNE, CHIMKAT HATPHs, XpPOM-MapraHieBas JUraTypa, MeXaHn4ecKast
MIPOYHOCTH, BTOPHYHBIH BOCCTAHOBUTEINb, (PeppOCINIaBHOE IPOU3BOJICTBO.
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