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ABSTRACT

The object of study in this work is microsilica. Microsilica is a pulverized technogenic waste
generated during the smelting of technical silicon in industries. The intended use of this material
is to obtain the highest quality grades of technical silicon in the end result without the use of
expensive quartz. Microsilica is a finely dispersed powder, the direct processing (without
preliminary preparation) of which into technical silicon is impossible in ore-thermal furnaces. That
requires the manufacture of high-strength briquettes based on it, meeting all the requirements
for raw materials for ore-thermal furnaces. In this paper, the authors present the results of a study
of the thermal stability of microsilica-based briquettes in order to optimize the physicochemical
properties of the resulting briquettes. The tested microsilica briquettes with various carbonaceous
reducing agents (screenings of coke of thermo-oxidative coking, screenings of charcoal, etc.) were
obtained on a large-scale laboratory roller briquetting press ZZXM-4. The evaluation of the thermal
stability of the briquettes was carried out according to the method in which the resulting
briquettes are subjected to thermal shock followed by abrasion on a special drum. The thermal
resistance of a briquette is defined as the ratio of the weight of the main body of the briquette
after the abrasion test to the sum of the weight of the main body and the crumbled material. The
dependence of thermal stability on the granulometric composition of briquettes was also
determined. The optimal granulometric composition was determined, with which the briquettes
have satisfactory thermal stability. Thus, the most technologically advanced granulometric
composition of the briquetting charge for reduction smelting in an ore-thermal furnace was
established. It is best to use briquettes with granulometric compositions of the appropriate ratio
of fractions 0-1; 1-3; 3-5 mm with the following proportions 35/35/30 and 60/20/15, as well as
briquettes with particle size distribution within these ranges of variation.
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Introduction

Due to the widespread use of silicon in various
fields of industry, a lot of work is currently underway
to optimize the technological process of its
production [1]. An important problem of the
technological process of production of technical

silicon in the conditions of Tau-KenTemir LLP is the
formation of a large amount of microsilica. Under
the conditions of Tau-KenTemir LLP, when smelting
one ton of technical silicon according to standard
technology using vein quartz with a carbonaceous
reducer, one ton of microsilica is captured by gas
cleaning systems, with 65-70% extraction of silicon
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into metal [[2], [3]]. Such average annual technical
and economic indicators significantly worsen the
economics of production, which not only highlights
the problem of the lack of technological solutions for
the processing/utilization of microsilica but also
creates an environmental problem associated with
the storage of technogenic waste [[4], [5], [6], [7]].
This fact indicates the need for a number of research
works to find a competent utilization of microsilica.
It should also be noted that developments are
underway around the world to improve existing and
create new methods for involving finely dispersed
raw materials in metallurgical processing [[8], [9]],
including in the production of technical silicon.

Microsilica is an ultra-disperse material
consisting of spherical particles, obtained in the
process of cleaning the exhaust gases of furnaces in
the production of technical silicon [10]. In the world,
only a small part of these wastes has found
application for the manufacture of building concrete
mixtures [[11], [12]]. In turn, microsilica can be a
significant quality source of raw materials for the
production of technical silicon. This material in the
bulk consists of a valuable component - silicon
dioxide and the number of harmful impurities is not
high, so it is important to use microsilica as a raw
material for the production of silicon and its alloys.

Utilization and use of pulverized waste in the
form of microsilica should be considered as an
important direction in saving material resources
[[13], [14], [15]]. The use of microsilica for the
production of silicon is complicated by the fact that
it is in a finely dispersed form [[16], [17], [18]], and
does not meet the requirements for charge
materials for smelting in ore-thermal furnaces.
Therefore, it is required to develop an optimal mode
of agglomeration of this material to obtain high-
strength briquettes. This should be taken into
account when developing a new resource-saving
technology for smelting crystalline silicon using
microsilica. Briquetting is considered the most
effective method of agglomeration for metallurgical
production due to the possibility of agglomeration of
raw materials of wide-size classes in almost any ratio
and any chemical composition, as well as the
ergonomics of the process.

Currently, there is no state regulatory and
technical base that regulates the requirements for
briquettes as an element of the technological
process. In this connection, the resulting briquettes
in terms of their chemical composition, geometric
dimensions (size), and strength must meet the
requirements and features of the technological
process in which they are supposed to be used. Since

the chemical composition and size of briquettes are
set before briquetting, one of the important
characteristics of the quality of briquettes is their
thermal stability. Heat resistance is characterized by
the preservation of the shape of briquettes when
they are kept for 3 minutes at a temperature above
600 °C.

The authors of this work, in order to optimize
the process of microsilica briquetting for the
smelting of technical silicon, for the first time among
previous studies, took into account the factor of
thermal stability of briquettes. This factor has never
been taken into account before. The lack of this
experience often led to the disintegration of
briquettes when loaded onto the top of an ore-
thermal furnace. Therefore, a negative attitude
towards the possibility of using briquettes based on
finely dispersed quartz materials as a feedstock in
the smelting of technical silicon has firmly
entrenched in the silicon industry.

Experimental part

High-strength briquettes based on microsilica
with various carbonaceous reducing agents
(screenings of coke of thermo-oxidative coking,
screenings of charcoal, etc.) were obtained on a
large laboratory briquetting press ZZXM-4. By
achieving close contact in the briquette between
microsilica silicon oxides and solid carbon of
carbonaceous reducing agents, the most favorable
conditions for the reduction and smelting of silicon
are achieved. In this case, it becomes possible to
involve scarce low-ash carbonaceous reducing
agents as fine fractions reducing agents. The liquid
glass was used as a binder. The optimal consumption
of liquid glass per ton of charge mixture was
established -0.067 t / t at a charge moisture content
of 8%. The resulting briquettes were subjected to
natural drying at a temperature of 18-24 °C during
the day.

Until now, with the use of briquette raw
materials, not only in the production of silicon but in
many electrothermal industries, little attention has
been paid to the thermal stability index of
briquettes. Many researchers only qualitatively
described the fact of scattering of briquettes when
they hit the top of an ore-thermal furnace as a result
of a sharp change in temperature [[19], [20]].

To optimize the process of smelting technical
silicon from briquette mono-charge, the authors of
this work carried out studies to determine the
thermal stability of briquettes obtained from
microsilica and carbonaceous reducing agents. Here




KomnnekcHoe Wcnonb3oBaHne MuHepansHoro Coipbs. Ne4(327), 2023

ISSN-L 2616-6445, ISSN 2224-5243

a method for the quantitative description of this
property is proposed. This method (technique) for
quartz was proposed by SMS Demag (Germany) [21].

According to this technique, quartz samples
with a fraction of 20 - 30 mm are placed in a crucible
and kept at 1300°C for one hour. The sample is taken
out and cooled to room temperature. A fraction of +
20 mm is taken and placed in a drum with a diameter
of 200 mm, a depth of 100 mm with four 17 mm ribs
on the side. The drum is rotated 80 times at a
rotation speed of about 40 rpm. Next, the sample is
sieved on 20, 10, 4, and 2 mm sieves, and a
granulometric curve is built. The temperature
resistance is evaluated according to the reference
curves - figure 1, developed by SMS Demag.
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Figure 1 - Particle-size curves for assessing the thermal
stability of quartz raw materials

In this work, the evaluation of the thermal
stability of briquettes was carried out by a similar
method, with the difference that the briquettes
after thermal shock and the subsequent abrasion
test were not subjected to screening, but the
fraction of fines that crumbled as a result of the test
relative to the main body of the briquette was
estimated. The thermal shock was carried out at a
temperature of 900 OC with exposure for 1 hour.
After testing for abrasion on a special drum, the
main body of the briquette is weighed, and the
material that has fallen off the surface of the
briquette during the test is collected and weighed.
The thermal resistance of a briquette is defined as
the ratio of the weight of the main body of the
briquette after the abrasion test to the sum of the
weight of the main body and the crumbled material.

It should be especially noted that the
achievement of the highest thermal stability is
achieved by optimizing the drying mode. Two
options for removing moisture from the briquette
were considered. In the first version, the briquettes
were dried in a laboratory oven at a temperature of

250-2700C with high intensity and forced air blowing
of the furnace space for 30 minutes from the initial
moisture content of 20-25% to the residual moisture
content of 1-2%. The second option is closer to
practical implementation in industrial production
and includes three stages. In the first stage, wet
briquettes from the briquetting press are kept under
natural drying conditions for about 24 hours until a
residual moisture content of about 12-18%. This is
necessary in order to be able to reload wet
briquettes using special equipment and load them
into bunkers without significant destruction of the
briquette structure. Next, the briquettes are loaded
into a chamber-type oven with natural air circulation
in the oven space, where the briquettes are dried to
a residual moisture content of 10-12% for 8 hours.
After that, dried briquettes should gain strength
within 5-7 days. In this case, the residual external
humidity of the briquette will be about 5%. Part of
the moisture in the process of setting the briquette
will turn into a crystalline form.

Results and discussion

Table 1 presents the results of the thermal
stability of briquettes of various compositions at
various stages of the drying process, as well as in
different variants of its implementation. As can be
seen from the table, the final thermal strength of the
briquettes is higher when drying according to the
second option. In this regard, when assessing the
impact of the granulometric composition of the
briquette mixture and the briquetting force on the
physicochemical properties of the briquettes, the
data obtained as a result of the three-stage method
of drying the briquettes were taken

Figure 2 shows graphs of the thermal strength of
briquettes for different types of granulometric
composition of the briquette charge. Analyzing the
data presented in Figure 2, it should be noted that
all dependencies, except for the dependence for fine
mixtures, pass through a maximum. Reducing the
proportion of fine fractions from 60 to 35% provides
a slight shift of the maximum towards greater
optimal briquetting forces from 300 to 370 kgf/cm?.
This achieves a large value of thermal stability of the
briquettes - about 90%. Further reduction of fines
fraction 0-1 mm in the charge to 15% leads to a
sharp deterioration in the conditions of briquetting
and requires an increase in effort at optimal heat
resistance up to 780 kgf/cm?. Optimum thermal
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stability under these conditions is reduced to 65%.
When finely dispersed mixtures are used in the
process of briquetting, the thermal strength of the
briquettes sharply increases to a force of
300 kgf/cm?2. After this value, the growth rate
decreases significantly. The dependence in this area
has a monotonically increasing character up to a
force value of 880 kgf/cm2. The value of thermal
strength at this force is quite high, but does not
exceed the option with a fine fraction of 35%. Thus,
from the point of view of the thermal strength of the
briquette, the optimal ratio of fractions is 0-1; 1-3;
3-5 mm in proportions 35/35/30.

Table 1 - Comparative analysis of thermal stability of
briquettes, % at various stages of the drying process

Briquette Drying stage
composition | Drying | Dryingin | Drying | Quick
24 a -5-7 furnace
hours | chamber | days dry 30
upto | furnace- | upto | minutes
12- 8 hours 5%
18% up to 10-
12%
Special coke
0% 40 58 75 50
Microsilica -
60%
Charcoal -
10%
Special coke
0% 32 40 82 48
Microsilica -
70%
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Figure 2 - The dependence of the thermal stability of
briquettes on the briquetting force and particle size
distribution of the briquetting charge

The presence of particles of different pore
diameters in the briquette improves the gas
permeability of the layer of reaction products due to
the formation of macrocavities in the body of the
briquette during the gasification of carbon
inclusions. The negative point in this is a decrease in
the thermal stability of briquettes with content of
particles with a diameter of 1-3 and 1-5 mm
increased by more than 30%. The briquettes
subjected to the thermal stability test, formed from
a charge, including microsilica, screenings of quartz,
and screenings of oxidative thermocoking coke with
a particle size ratio close to optimal, acquire a
specific macrostructure, shown in Figure 3. They can
be identified by the presence of macrocavities
(pores) on the body of the briquette, the solid body
of the briquette is microsilica, white inclusions are
quartz, black are coke screenings.

Figure 3 - Macrostructure on the fracture of a briquette

of fractions 0-1; 1-3; 3-5 mm at a ratio of 35/35/30 (a -

briquette at a pressure of 175 kgf / cm?; b - briquette at
a pressure of 300 kgf / cm?)

Conclusions
Thus, the most
granulometric composition of the briquetting charge
for reduction smelting in an ore-thermal furnace was
established. It is best to use briquettes with
granulometric compositions of the appropriate ratio
of fractions 0-1; 1-3; 3-5 mm with the following
proportions 35/35/30 and 60/20/15, as well as
briquettes with particle size distribution within

technologically advanced

these ranges of variation. A briquette with a finer
fractional composition is characterized by greater
thermal stability, which is undesirable when smelted
in ore-thermal furnaces. Less fine briquette shows
the opposite characteristics. Which of the factors is
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MukpokpemHe3sem HerisiHgeri 6pukeTTepaiH, TepMmuanbiK 6epikTiriH 3eptrey
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TYWIHAEME

OCbl KYMbICTafbl 3epTTEY OBBEKTICI MUKPOKPEMHEIEM - BHAIPICTEPAE TEXHUKANbIK KPEMHUAAI
6ankbITy KesiHAe naiaa 60naTbiH LWaH, TApi34i TEXHOTEHAK KanabikTap 6onbin Tabblnagpl. byn
maTtepuanabl 60MKamabl NaiganaHy-KbIMb6aT KBapuThl NaiaanaHban, TEXHUKaNbIK KPEMHUNAIH,
eH, JKofapbl cananbl b6peHAaTepiH any. MuKpoKpemHesemai KalTa eHaey npobaemachl
MWKPOKPEMHE3EMHIH, KeHAi-TeEpMUANbIK NelwTepae TeXHWKaNblK KpemHwuiire Tikenen eHaey
(angpbiH ana fanbIHABIKCHI3) MYMKIH 60MaTbIH YCaK AUCNepCTi YHTaK 60bin TabblnaTbIHAbIFbIHA
6ainaHbICTbl. Byn KeHAi-TEPMUANBIK NELITEPre apHanfaH LWWKI3aT MaTepuangapbiHa KOWbINaTbiH
6apnblk, TananTapabl KaHafaTTaHAbIPATbiH OHbIH, Heri3iHAe ofapbl 6epikTiri 6ap bpuketTepai
JalblHaayapl Tanan etegi. byn KymbicTa aBTOp/ap anblHFaH BpuKeTTepAiH GU3NKa-XUMUANBIK
KacMeTTepiH OHTalNaHAbIPy MaKcaTblHAA MUKPOKpemMHe3semM  HerisiHaeri  GpukeTTepaiH,
TEPMUANBIK,  TYPAKTbIAbIFbIH  3epTTey  HITMXKenepiH yCblHAbl. ©Op  TypAi  KeMipTekTi
TOTbIKCbI3AaHAbIPFbILITaPbl 6ap CbiHaNATbIH MUKPOKPeMHE3eM bpuKeTTepi (TEPMO TOTbIKTbIPFbILL
KOKCTeY KOKCbl, KOMIp CKPWUHUHTI KaHe T.6.) ZZXM-4 ipi 3epTxaHanblK POAVKTI 6puketTey
npecciHge anbiHabl. BpuKeTTepAiH TepMuAnbIK 6epikTiriH 6aranay agicteme 60MbIHLWLA Kyprisingi,
OHZA aNblHFaH OPUKETTEP TEPMUANDLIK COKKbIFa YLIbIpaiabl, COAAH KeWiH onapabl apHaiibl
6apabaHpa TO3ablpaabl. BpUKETTIH, TepMUANbIK TYPaKTblAbiFbl abpasuBTi CbIHAKTAH KewWiHri
BGPUKETTIH, Heri3ri AeHe Cca/fMaFblHblH, XKJHe Ky/lafaH maTepuangpblH KOCbIHAbICbIHA KaTblHACHI
peTiHae aHbIKTaNnaabl. CoHpait-ak, TEPMUANBIK, TYPAKTbINbIKTbIH, 6puKeTTEPAiH,
rPaHy/IOMEeTPUANDbIK, KypamblHa Tayenginiri aHbIKTaNfaH 6onaTbIH. BpuketTepain,
KaHafaTTaHap/bIK TePMUABIK TE3iMAiNir 6ap OHTalNbl rPaHYIOMETPUANBIK KYPambl aHbIKTaNAbI.
Erep 6puKeTTeNreH WUXTaHblH, eH, TEXHONOTUANBIK FPaHyIOMETPUANbIK KypamblH TaHA4aca, oHAa
0-1; 1-3; 3-5 mm pakumAnapbiHbiH, TUICTI KaTbiHacbkl Gap TyWipwikTi Kypambl 6ap 6puketTep
caikeciHwe 35/35/30 kaHe 60/20/15 nponopumsanapbiHaa, COHAAN-aK OCbl Bapuaumsa LWeriHae
TYNipWIKTI Kypambl 6ap 6puKeTTep KEHAI-TEPMUANBIK NeLTe TOTbIKCbI3AAHAbIPFbIW 6anky yLiH
JKaAKCbIPAK eKEHiH aTan eTyre 60naapl.

TyiiiH ce3dep: TepMUANbIK TE3IMAINIK, BPUKETTEP, MUKPOKPEMHE3EM, KpemHui BpuKeTtTepi,
6puKeTTey, KPEMHUIN KanablKTapbl
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AHHOTALMA

O6beKTOM MUCCNeaoBaHUA B HacTosAlWeld paboTe ABNAETCA MUKPOKPEMHE3EM - MblEeBUAHbIN
TeXHOTeHHbI 0TX04, 06pasyoWMIACA NPK BbINaBKe TEXHUYECKOTO KPEMHUA Ha NPOU3BOACTBAX.
Mpeanonoraemoe Mcnonb3oBaHWe AAHHOTO MaTepuna - MoNyYeHWE B KOHEYHOM pesynbTaTte
Hanbonee BbICOKOKAYECTBEHHbIX MapPOK TEXHWYECKOrO KpemHus 6e3  UCcnonb3osaHus
poporocTtoawero Keapua. MNpobnema nepepaboTkM MWKpPOKpeMHesema CBA3aHa C Tem, 4TO
MUKPOKPeMHe3eM npeacTaBnseT coboli MenKoaMcnepcHblii MOPOLWOK, HenocpeacTBEHHaA
nepepaboTtka (6e3 npepBapuTENbHOM MNOArOTOBKM) KOTOPOrO Ha TEXHWUYECKUI KpemHWiA
HEeBO3MOXHaA B PyAHO-TEPMUYECKMX Neyax. YTo TpebyeT U3roToBNeHUA BbICOKONPOUHbIX pUKETOB
Ha ero OCHOBe, YAOBNETBOPAIOWMX BCem TpeboBaHWAM, NPesbABAAEMbIM K CbipbeBbiM
MaTtepuanam Ans pyaAHO-TEPMUYECKMX neveld. B pgaHHOM paboTe aBTopamu npeacTaBaeHbl
pesynbTaTbl UCCNEA0BAHMA TEPMUYECKON CTOMKOCTU BPUKETOB Ha OCHOBE MUKPOKpPEMHE3EMa C
Lenblo oNTUMM3aLMN GUBMKO-XMMUYECKUX CBOWCTB NonydYaemblx 6GpuKkeToB. McnbiTbiBaemblie
6PUKeTbl U3 MUKPOKPEMHE3eMa C Pas/IMYHbIMU YrNepoAUCTbIMU BOCCTAHOBUTENAMMU (OTCEBbI
KOKCa TEPMOOKMCAUTENBHOTO KOKCOBAHWA, OTCEBbI APEBECHOIO YrAA U Ap.) 6blAn NoayYeHbl Ha
KpYnHO-nabopaTopHOM BankoBOM 6puKeTMpoBoyHOM npecce ZZXM-4. OUEHKY TepMUYecKon
CTOMKOCTU BPUKETOB BbINO/IHANM MO METOAMKE, B KOTOPOW NOAyYeHHble BpUKeTbl NoasepraoTca
TEPMUYECKOMY YAaPY C NOCNEAYIOWUM UX UCTUPAHUEM Ha CcneumanbHom bapabaHe. Tepmuyeckas
CTOMKOCTb OpuKeTa onpefenAeTcA Kak OTHOLWEHMEe Beca OCHOBHOTO Tena b6pukeTa nocne
MCMbITAaHWA HA UCTMPAEMOCTb K CyMmMe Beca OCHOBHOIO Tena M ocbinasLUeroca matepuana. Takxke
6blna onpeaeneHa 3aBUCMMOCTb TEPMUYECKON CTOMKOCTU OT FpaHy/IOMETPUYECKOrO COCTaBa
6puketoB. OnpeaeneH ONTUMaNbHbLIA TPAHYIOMETPUYECKUIA COCTaB, C KOTOPbIM 6puKeTbl
06/M1a8al0T  YAOBNETBOPUTENBHOW TEpMMYECKOW CTOWKocTbto. Ecnm  BbIGMpaTb Haubonee
TEXHONOTMYHBIN FPAHYIOMETPUYECKUIA COCTaB BPUKETUPOBAHHOM WNXTbI, TO MOXKHO OTMETUTD, YTO
Nydwe noaxoAAaT K BOCCTAHOBUTE/IbHOW MNaBKe B PYAHO-TEPMWUYECKOW Neunm OpUKeTbl ¢
rPaHyN0MEeTPUYECKMMM COCTaBaMM COOTBETCTBYIOLLMM COOTHOWeHnemM dppakumii 0-1; 1-3; 3-5 mm
B cneaywowmx nponopumax 35/35/30 u 60/20/15 cooTBeTCTBEHHO, a TaKKe OGPUKeTbl C
rPaHYNOMETPUYECKMM COCTaBOM B 3TUX Npesenax BapbupoBaHMs.

Kntouyesbie ca08a: TepMUYECKasn CTOMKOCTb, BPUKETbI, MUKPOKPEMHE3EM, KPeMHUEBbIE BPUKETDI,
6prKeTUPOBaHNE, KPEMHUEBBIE OTXO/bl

baiicaHos Anubek Calinaybaesuy

WHpopmayusa o6 asmopax:

KaHoudam mexHuYecKux Hayk, npogeccop, 3aeedyrowuli nabopamopueli
nupomMemarnaypaudeckux npoyeccos, Xumuko-memannypaudeckuli uHcmumym um. K. Abuweasa,
yn. Epmekoea, 63, 100009, 2. KapazaHoa, KazaxcmaH. Email: alibekbaisanov@mail.ru

Bopob6kano HuHa PycnaHoeHa

Maaucmp  mexHu4eckux  Hayk,  Maadwuli  HaydyHolli ~ compydHuK  nabopamopuu
nupomemasnsypaudeckux npoueccos, Xumuko-memansaypaudeckul uHcmumym um. M. Abuweasa,
yn. Epmekoesa, 63, 100009, 2. KapazaHOoa, KazaxcmaH. Email: nina.timirbaeva23@gmail.com

Maxambemoe Ep6oaam HeicaHanolynobi

PhD, 3asedyrowuli nabopamopuell ¢eppocnanasos u npoyecco8 80ccMaHosnaeHus, Xumuko-
memannypaudeckuli uHcmumym um. M.Abuwesa, ya. Epmekosa, 63, 100009, 2. KapazaHda,
KasaxcmaH. Email: m.ye.n@mail.ru

MeoiHxcacap Ecmypam AmaHfanuynel

Mazucmp  mexHu4eckux  Hayk,  Maadwuli  HayyHolli ~ compydHuK  aabopamopuu
nupomemasnsypaudecKkux npoueccos, Xumuko-memansaypaudeckuld uHcmumym um. XK. Abuweasa,
yn. Epmekosa, 63, 100009, 2. KapazaHda, KazaxcmaH. Email: ye.myngzhassar@gmail.com

Zulfiadi Zulhan

Jlokmop mexHuYeckux Hayk, npenodasamesns/uccnedosamernt Kagedpsl Memasnypaudeckozo
MAWUHOCMPOEHUA (haKyanbmema 20pHO20 0ena U HegpmaAHoU uHM#ceHepuu baHAyHacKoz2o
mexHoso2u4eckozo uHcmumyma, MHdoHe3ua. Email: zulfiadi.zulhan@gmail.com

References

[1] Protopopov A, Protopopov M, Suleimenov E, Aimenov Z, Altynbekov R. Study of silicon production process in ore-smelting
furnace and optimization of technological process. Kompleksnoe Ispolzovanie Mineralnogo Syra = Complex Use of Mineral
Resources. 2022, 326(3):68-80. https://doi.org/10.31643/2023/6445.30

[2] Data of LLP Tauken Temir (Electron resource) 2022. (Access date: 12.11.2022), URL: http://www.tks-temir.kz/

[3] Nikolay Zobnin, Torgovets Anatoliy, Pikalova Irina, Yussupova Yuliya, Atakishiyev Sergey. Influence of Thermal Stability of
Quartz and the Particle Size distribution of Burden Materials on the Process of Electrothermal Smelting of Metallurgical Silicon.
Oriental Journal of Chemistry. 2018; 34:1120-1125. http://dx.doi.org/10.13005/0jc/340265

[4] Glazev M, Bazhin V. On the recycling and use of microsilica in the oil industry. E3S Web of Conferences. 2021, 266.
https://doi.org/10.1051/e3sconf/202126602010

[5] Freitas L, Magrini A. Waste Management in Industrial Construction: Investigating Contributions from Industrial Ecology.
Sustainability. 2017; 9(7):1251. https://doi.org/10.3390/su9071251



http://www.tks-temir.kz/
http://dx.doi.org/10.13005/ojc/340265
https://doi.org/10.3390/su9071251

KomnnekcHoe Wcnonb3oBaHne MuHepansHoro Coipbs. Ne4(327), 2023 ISSN-L 2616-6445, ISSN 2224-5243

[6] Dvoracek J, Vodzinsky V, Domaracka L. Industrial Wastes and Economics of their Utilization. Metalurgija. 2006; 45(2):141-
143. https://hrcak.srce.hr/6527

[7]1 YiZhong, Sun Heng, Wan lJian, Li Chao. A New Process for Highly Effective Utilization of Industrial Solid Wastes — Sialite
Technology. Advanced Materials Research. 2009; 66:210-213. https://doi.org/10.4028/www.scientific.net/AMR.66.210

[8] LiY, ZhangJ, Liu Z, et al. Reduction Mechanism of Iron Oxide Briquettes by Carbonaceous Materials Extracted from Blast
Furnace Dust. Metallurgical and Materials Transactions B: Process Metallurgy and Materials Processing Science. 2019; 50(5): 2296-
2303. https://doi.org/10.1007/s11663-019-01628-7

[9] Snyman M, Snyman N. Improved ultrafine coal dewatering using different layering configurations and particle size
combinations. Journal of the Southern African Institute of Mining and Metallurgy. 2019, 119. https://doi.org/10.17159/2411-
9717/2019/v119n3a10

[10] Bruno M. An investigation of microsilica by thermoanalytical methods. Thermochimica Acta. 1998; 318(1-2):125-129.

[11] Ahmad Subhan, Umar A, Masood Amjad, Nayeem Mohammad. Performance of self-compacting concrete at room and
after elevated temperature incorporating Silica fume. Advances in concrete construction. 2019; 7:31-37.
https://doi.org/10.12989/acc.2019.7.1.031

[12] Mater J. Guide for the use of silica fume in concrete. ACI. 1995; 92(4):437-440.

[13] Zakharov SV, Vasiliev KO, Yermolovich E V. Assessment of environmental friendliness of the use of silicon production waste.
School of postgraduate students of the All-Russian scientific conference. Irkutsk. 2017, 16-20.

[14] Bernd F. Microsilica-characterization of a unique additive. IIBCC 2006 - Sao Paulo, Brazil. October 15 — 18. 2006; 10.

[15] Elkin KS. Production of metallic silicon in Russia — state and prospects. "Non-ferrous metals and minerals 2014": materials
of the sixth international congress. 16-19 September 2014, Krasnoyarsk. 2014.

[16] Dubenskiy MS, Kargin A A. Mikrokremnezem - otkhod ili sovremennaya dobavka? [Microsilica is a waste or a modern
additive?]. Vestnik Kuzbasskogo gosudarstvennogo tekhnicheskogo universiteta [Bulletin of the Kuzbass State Technical University].
2012; 1(89):119-120. (In Russ.).

[17] Szelag M. Development of cracking patterns in modified cement matrix with microsilica. Materials. 2018; 11(10):1928.
https://doi.org/10.3390/ma11101928

[18] Kuz’min MP, Larionov LM, Paul K. Chu. New Methods of Obtaining Al-Si Alloys Using Amorphous Microsilica. International
Journal of Metalcasting. 2019; 14:207-217.

[19] Ozhogin VV. Osnovy teorii i tekhnologii briketirovaniya izmelchennogo metallurgicheskogo syria: monografiya. Mariupol:
PGTU (Fundamentals of the theory and technology of briquetting shredded metallurgical raw materials: monograph. Mariupol: PSTU).
2010, 442.

[20] Ravich BM. Briketirovaniye v tsvetnoy i chernoy metallurgii [Briquetting in non-ferrous and ferrous metallurgy]. D. M.:
«Metallurgiya». 1975, 356.

[21] Degel R, Frohling Ch, Kalisch M, Hecker E. Oterdoom H. Innovative electric smelter solutions of the SMS group for the silicon
industry. The Fourteenth International Ferroalloys Congress Energy efficiency and environmental friendlinessare the future of the
global Ferroalloy industry. 2015; 4:122-132.



https://hrcak.srce.hr/6527
https://doi.org/10.4028/www.scientific.net/AMR.66.210
https://doi.org/10.1007/s11663-019-01628-7
https://doi.org/10.17159/2411-9717/2019/v119n3a10
https://doi.org/10.17159/2411-9717/2019/v119n3a10
https://doi.org/10.12989/acc.2019.7.1.031
https://doi.org/10.3390/ma11101928

