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ABSTRACT

A priority direction of ferrous metallurgy development is to increase in output of the high quality metal and
metal products of new assortment. One of the methods to improve a quality of steels is to involve of
complex alloys based on aluminum, silicon, manganese, etc. for their output. They are necessary as
deoxidizing agents and alloying additives. This paper considers the possibility of the thermodynamic
substantiation of the aluminum solubility in the ferrosilicon-aluminum complex alloy (FeSiAl) on the basis of
their phase diagrams using the osmotic coefficient of the Bjerrum-Guggenheim. Methodology used is based
on the theoretical studies of the phase equilibria using the Bjerrum-Guggenheim concept. It includes a set
of computer programs in C# language (C sharp) designed to evaluate a deviation scope of properties of a
real system from the ideal one. Criterion for evaluation is an osmotic coefficient of the Bjerrum-
Guggenheim. The pattern of change in an osmotic coefficient of the Bjerrum-Guggenheim on the ratio of
activity of components in the ideal liquid and solid phases (positive ®i <1 or negative ®i >1) under the
boundary forming conditions of crystallization regions of phases related to the melting ferrosilicon-
aluminum processes is a direct proof of the possibility to use it as a metal reducing agent. The calculated
mathematical dependences of the osmotic coefficient of the Bjerrum-Guggenheim permit us to determine
the crystallization temperature of the ferrosilicon-aluminum alloy. The alloying process with rich aluminum
content is observed at this temperature. The dependence diagrams of an osmotic coefficient of the
Bjerrum-Guggenheim of a crystallizing component on the ratio of its activity in the liquid and solid phases
demonstrated that a temperature rise leads to strong negative deviations in silicon properties, and thus to
its good mixability in the melt with iron and aluminum. Compositions of silicon-aluminum alloys with high
aluminum content in the ferrosilicon-aluminum complex alloy (FeSiAl) were determined on the basis of
their phase diagrams using the osmotic coefficient of the Bjerrum-Guggenheim with iron content of 12-37%,
aluminum 20-25% and silicon 68-38%. The received theoretical results permit to determine conditions
which give the maximum possible aluminum assimilation with the ferrosilicon-aluminum melts supplied
from the high-ash coal in the melting process of this metal in the ore-thermal furnaces. Thus it is a direct
method to develop the output technology of the complex alloys.

Keywords: phase diagrams, Bjerrum-Guggenheim coefficient, crystallization regions of phases, silicon
aluminium alloys, ferrosilicon aluminium, complex alloys.
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Introduction

Today the ferrosilicon-aluminum production
with using the high-ash coal raw materials was only
organized in Kazakhstan. The aluminum content is
regulated by 5 - 15% in Kazakhstan. The basis to
develop the technology was a detailed study of a
reduction process of silicon and aluminum

compounds with using the thermodynamic-diagram
analysis of the Fe-Si-Al-C-O system.

The absence of the thermodynamic information
for a wide range of composition and temperature
makes it impossible to assess the real yield of the
reaction products in the melting process of
ferrosilicon aluminium. It should be pointed out
that for Fe-Si-Al-C system melts the available quite
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extensive  experimental material on the
thermodynamic parameters refers mainly to binary
systems of Fe-C, Fe-Si and Si-Al, and also a small
number of papers on the triple systems [[1], [2],
(311

The analysis of the numerous phrase diagrams
of various systems determined a common pattern
in formation of crystallization regions as a
correlation dependence of an osmotic coefficient of
the crystallizing component on the ratio of its
activity in the liquid and solid phases. The osmotic
coefficient of Bjerrum-Guggenheim is able to be as
a measure of deviation of the energetic properties
of a real system from the ideal one described by Le
Chatelier-Shreder equation.

The received data on crystallization regions of
phases in the studied systems testify the presence
of a regular change in the non-ideality coefficient ®;
(Bjerrum-Guggenheim coefficient) along a line and
crystallization surface of phases and a close
connection of this value with the nature of the
interparticle interaction of components in the melt
and their state.

One of the methods of the technical solutions
for melting of the complex alloys, in particular,
ferrosilicon aluminium with a high aluminum
content of up to 25%, is to conduct the
thermodynamic studies of phase equilibria based
on the Bjerrum-Guggenheim concept for a triple
phase diagram of the Fe-Si-Al system, which will
permit to calculate the rational compositions of
alloys with the thermodynamic method and to
determine areas of existence of an independent
phase of aluminium.

Experimental part

The theoretical studies of the behavior of the
osmotic coefficient of Bjerrum-Guggenheim of a
dissolved substance (e.g. aluminum in iron)
depending on the ratios of components in the melt
can simultaneously have the positive and negative
deviations from ideality. Depending on values of
the osmotic coefficient of Bjerrum-Guggenheim in
the thermodynamic calculations for various Fe:Al
ratios, it will be possible to discuss in which areas of
the melt the aluminum is absorbed very well, and in
which it can be isolated as an independent phase.

The study of the phase diagrams of iron-based
systems was performed according to the well-
known classification of phase diagrams [[4], [5], [6],
[711 and taking into account the possibility of the
analytical description of all types of their solid-
liqguid and solid-solid phase equilibrium diagrams

based on the nature of the change in the value of
the Bjerrum-Guggenheim coefficient near the
singular points.

The principle of our procedure is as follows: to
take data on temperature and composition from a
phase diagram and to find reference data on
temperature and enthalpy of melting of a solvent
and the dissolved substances for Le Chatelier-
Shreder equation. Further our developed program
is used: to process the initial data with finding the
expressions of the osmotic coefficients of Bjerrum-
Guggenheim for the liquid and solid phases, to plot
the dependence diagrams of a osmotic coefficient
of the crystallizing phases (®) on ratio of the
component activities in the ideal liquid and solid
phases and to find a mathematical expression of a
correlation dependence. The mathematical
expressions for the liquidus and solidus lines as a
semi-empirical dependence of the modified
equation of Le Chatelier-Shreder were obtained for
the ideal system and the detected patterns on the
monovariant phase equilibrium lines.

This paper focused on the binary systems of Fe
- Al, Fe - Si and Si — Al [[7], [8]] characterized by the
presence of the extensive areas of the limited solid
ferrite and austenitic solutions and a whole cascade
of the intermediate phases that are important for
the production of ferrosilicon aluminium.

The binary phase diagrams of iron - aluminum
(Fe-Al) and iron - silicon (Fe-Si) are previously
described in full with the mathematical expressions
from the position of the Bjerrum-Guggenheim
concept [9]. Table 1 gives the coefficients of the

dependence of the osmotic coefficient ?, on the
ratio of the activity of the liquid and solid phases
(exponent of the Le Chatelier-Shreder equation)
substituting in equations of (1) or (2), the
correlation dependences will be calculated.
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where ! - concentration of a crystallizing
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component at a given temperature; ! -
activity of a crystallizing component for an ideal
solution calculated by Le Chatelier-Shreder
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equation; - constants determined by the
nature of components and interparticle interaction;
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@i - a value of the ratio of the component
activities at T=T,,, calculated by Le Chatelier-Shreder
equation.

Based on these correlation dependences, the
equation of crystallization of the first or second
component will be calculated, depending on which
component the solvent is. The mathematical
dependence of the composition on temperature is
expressed by equations of (3) or (4).
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where ®H,,, is the enthalpy of melting of the 1st
and 2nd components at melting point, J/mol; R is a
universal gas constant, 8.3144 J/mol K; T,,, and T -
melting point of the 1st and 2nd components and
crystallization of melts, K; ®i ' - the Bjerrum-
Guggenheim coefficient for the 1+« and 2~
components which permits to find a correlation
dependence and to calculate a mathematical
expression for the ratio of the activities of the i-
component in the liquid and solid phases; ®i" -
the Bjerrum-Guggenheim coefficient for the 1st and
2~ components which permits to find a correlation
dependence and calculate a mathematical
expression for liquidus line of i-component.

These mathematical expressions (3, 4) are the
semi-empirical dependencies as a modified Le
Chatelier-Shreder equation.

So, referring to Table 1, the crystallization
region of a-Fe (Fe-Si system) has two phase
transitions, thus it is described by the equation
from the melting point of iron 1811 K to the first
phase transition:

for crystallization region of a—Fe (5):

@, =187 147 a, | aj, (5)

for region of an ordered phase ofa,—Fe (6):

D, =0,9866-04218 af, /a}, (o

for region of an ordered phase of a—Fe (7):

@y, =0,6349+1,5733-a; /ai, )

The crystallization region of a-Fe (Fe-Al system)
is calculated by equation (8):

@, =1,3606-13319-a;, / a;, (8)

for region of an ordered phase of a,—Fe (9):

D;, =0.5445-03883ap /af, (g

The triple system of Fe-Si-Al is the basis of
silicon aluminum alloys and the silicon
crystallization region in it and the features of
thermodynamics of melts in this area are essential
for the melting process of ferrosilicon aluminum.

Combining of the calculation results of the
osmotic coefficients of ®, for different sections of

the Si-Fe-Al system (Figure 1) and isotherm P, for
the different temperatures (Figure 2) permits to
identify the characteristics of the behavior of
elements in the Fe- Si-Al system. The change in the
crystallization beam of the alloys from the Si-Fe to
Si-Al system shows (Figure 1) that only near with
the Si-Fe system the melts, as noted above, have
the component association and a huge negative

deviation from ideality (CD-“" is much more than
one), (Figure 2) [[9], [10], [11]].

In the Si-Al system, the initial additions of Al
lead to a significant deviation of the energy
characteristics of Si in comparison with values of an
osmotic coefficient of the Si-Fe system. But the rate

of this deviation with a temperature change is

lower, and therefore if the starting is from i 0.8,
the effect of Al will decrease (Figure 1).

The beam with a ratio of 0.19 Fe:0.81 Al (at.)
(Figure 1) is characterized by a linear dependence

of P, caused with a weak development of
association of components in the melt. But if the
starting is from the ratio of 0.49 Fe:0.51 Al (at.), the

bending of D, for the beam can be observed.

As the temperature increases, the negative
deviation of Si properties from ideality (figure 2)
can be intensified and hence its better miscibility
with iron and aluminum in the region of Fe : Al =0.7
: 0.3% (at.), which corresponds to the compositions
of ferrosilicon aluminum (FeSiA) alloys with 12-37%
Fe and 20-25% Al in recalculation by weight
concentrations [9]. The temperature reduction
moves the studied area to the Fe-Si binary system.
This indicates that at low temperatures Al dissolves
better in Fe-Si-rich alloys, and as the temperature
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increases, the alloying process with richer
aluminum content is facilitated.

The received data on behavior of an osmotic

coefficient of Bjerrum-Guggenheim (@"f) for
systems of Si-Al and Si-Fe and also for the two
median beams are approximated by the three-term
expression (1), provided that the associated
complexes are present in the melts (Table 1).

Isotherms of @, (Figure 2) for the entire
crystallization surface can be easily represented as:

where ZFe =X ’/(xFe +xA1)9 (at.);

Zy=Xxy /(xFe +fo)§

Pron generalized equation of CD"‘",
determined by the Scheffé’s method. By the solving
of two linear equations with this value obtained

after substitution in the general expression ...,

the equation of 2, for the two beams of 0.491
Fe:0.501 Al and 0.19 Fe:0.81 Al (at.) and Zi values

@

gen.Si

2
+ ZFe ’ ZAI ’ QDAI.«"Fe’

. . ) ‘
=2y Py p+Zy Py y+Zp 2y Dpyyy +

(10)

was calculated (Table 1).

Table 1 - Parameters of crystallization regions of phases in the phase diagram of the binary systems based on iron

Coefficients of equation of dependence of | Correlation Variance
Phase (¢' or -
System ) (1), (2) coefficient R
A B C
5-Fe(d') 13.38 -12.24 - -0.9978 -
os 5-Fe(d") 1.87 -1.47 - -0.9995 -
eSi
oz-Fe(®') 24.47 -25.42 - -0.9907 -
oz-Fe(d") 0.99 -0.42 - -0.9010 -
ou-Fe(d') 70.07 -81.53 - 0.9905 -
o1-Fe(P") -0.63 1.57 - -0.9801 -
FeSi-Fe FeSi(®') 1.84 -1.59 - -0.9920 -
FeSi-Si FeSi(®') 1.55 -1.24 - -0.9967 -
Si-Fe Si(®d') -0.788 0.3504 -1.358 - 0.0018
a-Fe(d') 3.87 3.17 - -0.9974 -
o-Fe(®'") 0.399 0.05 - 0.9584 -
Fe-Al a-Fe(®') -1.03 2.50 - 0.9991 -
GG ax-Fe(d") -0.57 1.17 - 0.9988 -
(T cale.  —
1584K) g-phase(d') -118.99 154.37 - 0.9820 -
- phase (¢") -3.27 4.48 - 0.9944 -
€- phase (¢') -118.99 154.37 - 0.9820 -
- phase (¢") -3.27 4.48 - 0.9944 -
FesAls(d') 5.99 -5.96 - -0.9998 -
FezAls-Fe
Fe Als(d") 3.21 -3.17 - -0.9988 -
FesAls(d') 1.28 -1.27 - -0.9980 -
FezAls-Al
Fe Als(d") 0.84 -0.83 - -0.9880 -
Crystal. FesAls(d') 0.76 -0.61 - -0.9998 -
region FeAls(d") 0.59 -0.57 - -0.9978 -
FeAls
SiAl Si(®') 1.622 -0.58 0.001 - 0.0014
Si-0.491Fe: .
Si(®') 0.7143 0.3297 -0.352 - 0.0021
0.509Al
Si-0.194Fe: _
Si(®') 1.2279 -0.0445 -0.029 - 0.0016
0.806Al

— 3¢ ——
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Figure 1 - Change of ~ * along silicon crystallization
line in binary systems of Si-Fe and Si-Al

The obtained results for two binary systems of
Si-Fe and Si-Al and two beams with Fe/Al
composition ratio at the special temperatures and
crystallization region demonstrated a good
similarity of the calculated (solid lines) and
experimental (points) composition data (Figure 2).

Conclusions

Based on the behavior of the osmotic
coefficient of Bjerrum-Guggenheim in the melt of
the Fe-Si-Al system using the thermodynamic
method, the compositions of silicon-aluminum
alloys with increased aluminum content were
substantiated. @ The  received  mathematical
dependences of the osmotic coefficient of Bjerrum-
Guggenheim  determined the crystallization
temperature of the ferrosilicon-aluminium alloy,
thus, the process of alloy formation with rich
aluminum content was observed. Referring to the
character of changes in the osmotic coefficient of
Bjerrum-Guggenheim it was determined that the
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x—1200°C, A - 1250°C, m - 1300°C, ® - 1350°C

Figure 2 - Isotherms of ~ *' at different temperatures of

Fe: Al =0.7-0.3% (at.) which corresponds to compositions of Fe-
Si-Al alloys with 12-37% Fe and 20-25% Al in recalculation

temperature increase leads to the strong negative
deviations of silicon properties and thus to its
better miscibility in the melt with iron and
aluminum for the compositions of Fe: Al = 0.7 - 0.3
%. The optimum ratios of elements in the
ferrosilicon aluminum complex alloy with the iron
content of 12-37%, aluminum -20-25%, and silicon -
68-38% were defined. This composition
characterizes the area of the alloy in which the
aluminum melt will fully absorb.

Conflict of interests. On behalf of all authors,
the correspondent author declares that there is no
conflict of interests.

Acknowledgements. This study was performed
according to the agreement concluded between the
Committee of Science of the Ministry of Education
and Science of the Republic of Kazakhstan and the
Chemical and Abishev Chemical-Metallurgical
Institute under the grant of IRN AP08855453.

Cite this article as: Baisanov S, Tolokonnikova VV, Narikbayeva Gl, Korsukova l|Ya. Thermodynamic substantiation of
compositions of silicon aluminium alloys with increased aluminium content in Fe-Si-Al system. Kompleksnoe Ispol’zovanie
Mineral’nogo Syr’a = Complex Use of Mineral Resources 2022;321(2):31-37. https://doi.org/10.31643/2022/6445.15

Fe-Si-Al )XyMeciHiH aIlOMUHUIA MeLWwepi XKoFapbl KPEeMHUIT aNIOMUHUNA
KOPbITNaNapblHbIH, KYPaMblH TEpMOAUHAMUKANDIK Herizgey

baiicaHoB C., TonokoHHMKoBa B.B., Hapuk6aesa I'.U., Kopcykosa U.1.

K. 96iwes ambIHOGFbI XUMUSA-MemassypausnsiKk uHcmumym, KaparaHosl, Kasakcma



https://doi.org/10.31643/2022/6445.15

Complex Use of Mineral Resources. 2022; 321(2): 31-37 ISSN-L 2616-6445, ISSN 2224-5243

Makana kengi: 09 Kbipkyliek 2021
CapantamagaH eTrTi: 28 Kapawa 2021
KabbingaHapl: 01 aknaH 2022

TYAIHAEME

Kapa meTtannypruaHbl AambiTyablH, 6acbiM 6GafbiTbl-KOFapbl cananbl MeTann eHAIPICiH KaHe meTann
6yibIMAAPbIHbIH, }aHa aCCOPTUMEHTIH yNFaiTy. bonaTTapAblH canacblH *KaKcapTyFa KON KETKi3yaiH 6ip
94iCi - onapAbl eHAipyre antoMUHUI, KPEMHUI, MapraHel, XaHe T.6. HerisiHaeri Kypaeni KopbiTnanapabl
TapTy, Onap TOTbIKCbI3AAHABIPFLILITAP MeH Jeripaeywi Kocnanap peTiHae KaxkeT. Makanaga
ANOMUHUNAIH, Kypaeni deppocrankoantoMmHnit KopbITNacbiHAA (FeSiAl) epirilwTiriHin,
TEPMOAMHAMMKANBIK, HETi3Aey MYMKIHAIM, 0NapablH Ky Anarpammanapsl HerisiHae bbeppym-TyrreHreim
OCMOCTbIK,  KOIDPUUMEHTI apKbiabl TankpliaHagpl. KonpaHbinatbiH aaicteme Bbeppym-TyrreHrerim
TYXKblpbIMAAMacbiHa HerisaenreH ¢asanbik Tene-TeHAIKTIH, TEOPUANBIK 3epTTeyNepiHe Heri3AenreH KaHe
HaKTbl YKYMEHiH, KacueTTepiHiH, naeannaH aybiTKy AapexeciH baranayra apHanfaH C# TiniHgeri (Csharp)
KOMMblOTEPANiK bargapnamanap XKUbIHTbIFbIH KamTuabl. baranay KpuTepuiii - Bbeppym-TyrreHreim
OCMOCTbIK,  Ko3ddpuumeHTi. KpuctangaHy epictepiHiH, naiga 6ONYbIHbIH, LWeKapanblK KafaanbiHAd
naeanabl CyMblK KaHe KaTTbl dasanaphafbl KOMNOHeHTTepAiH 6enceHainiri (oH, @i <1 Hemece Tepic @i >1)
KaTblHacbl  6oWblHWA  Bbeppym-TyrreHreliM  OCMOCTbIK — KO3QOUUMEHTIHIH,  e3repy  cunaTbl.
deppocunvkoantomuHuiiai  6ankbiTy  npouecTepiHe — HalnaHbicTbl  dasanap  OHbl  MeTann
TOTbIKCbI3AAHABIPFLIW PEeTiHAE KONZaHy MYMKIHAIriHIH Tikenel ganeni 6onbin Tabblnagpl. bbeppym-
FyrreHreim OCMOCTbIK, K03pDULMEHTIHIH, ecenTtenreH MaTeMaTUKanbIK Tayenainikrepi
$eppocMAMKOaNIOMUHUIA KOPBITNACbIHbIH, KPUCTaNAaHy TemnepaTypacbiH aHblKTayFa MYMKIHAIK Gepai,
6yn Kesge KypamblHA@ antoMUHWII Ken Kocnanap 6ap. KpucTangaHaTblH KOMMOHEHTTIH, Bbeppym-
[yrreHreiiM OCMOTUKaNbIK KO3POULMEHTIHIH, OHbIH, CyMbIK KaHE KaTTbl dasanappafbl 6enceHAiniriHin,
apaKkaTblHacbiHa Tayenainik rpadukTepi TemnepaTypaHblH, KOFapblnaybl KPeMHUIAIH, KacueTTepiHae
KYWTi Tepic ayblTKynapfa SKeNeTiHiH KepceTTi, byn OHbIH, KaKCbl apanacyblH 6ingipesi. Temip koHe
antoMuHuinmeH 6ankbitagbl. Kypaeni deppocunnkoantommHuin KopbitnacbiHaa (FeSiAl) antomuHUAgiH,
KYpPambl  KOfapbinafaH  KPEeMHWI-aloMUHUI  KOPbITMANapbiHbIH,  Kypambl  0napAblH,  KyWAik
OmMarpammanapsl HerisiHae Temip Kypambl 12-37%, antomunHuii 20-25%, KpemHuin 68-38% 6ap bbeppym-
FyrreHreiiM OCMOCTbIK KO3GOUUMEHTI apKbiabl Kypbligbl ONapAplH, Ky Auarpammanapbl HerisiHae
OpHaTbINFaH. ANbIHFAH TEOPUANbIK HaTUXKenep Oyn meTanAbl KeHA-TepMUANbIK NewTepae 6ankbity
KesiHAe KOFapbl KynAi KemipfeH KeneTiH $beppocuanKoantoMuHUiA BankpiManapbiMeH antoMUHUNAIH,
MaKCUManapl MyMKiH aCCUMUAALMACHIH KAMTaMacbI3 eTETIH XKafAalinapAapl aHbIKTayFa MyMKIHAIK 6epegai,
6yN-eHAIPICTIH AaMYbIHbIH, TIKENEN oMbl - KypAeni KopbITnanapabl any TEXHONOTUACHI.

TyiiH ce3pep: Kyt amarpammacsbl, Bbeppym-FyrreHreim KoadpduumenTi, dasanbik KpucTangaHy epicrepi,
KPEMHWI aNtOMUHWUIA KOpbITNanapbl, GepPOCUIMKOANIOMUHWUIA, KELLEHA] KopbITnanap.
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AHHOTALMUA

MpUOPUTETHBIM HanpaBAeHUEM Pa3BUTMA YEPHON METanNyprum ABNAETCA YBE/UYeHUe MPOU3BOACTBA
BbICOKOKQYeCTBEHHOTO MeTa//la M METa//IoNPOAYKLMM HOBOTO copTameHTa. OpHum U3 nyTeit
[OCTUMKEHUA MOBbIWEHWA KayecTBa CTasnel ABNAETCA BOB/AEYeHMe ANA UX NMPOM3BOACTBA KOMMAEKCHbIX
CMAaBOB Ha OCHOBE A/IIOMUHUA, KPEMHWSA, MapraHLua 1 T.4., Tak Heo6X0AMMbIX B KauecTse packucauTenei
1 nervpylowmx Ao6aBok. B cTaTbe paccmMoTpeHa BO3MOXKHOCTb TEPMOAMHAMUYECKOTO OBOCHOBaHWSA
pPacTBOPMMOCTM alOMUHUA B KOMMJIEKCHOM crnase ¢eppocuamnkoantommummn (FeSiAl) Ha ocHose ux
AMarpamMm COCTOAHMA Yepe3 OCMOTUYECKUi KoadbduumeHT Bbeppyma-TyrreHreiima. MpumeHsemas
METOA0/I0r1A OCHOBAHA Ha TEOPETUYECKUX UCCNE0BaHNUAX Ga30BbIX PAaBHOBECUIA HA OCHOBE KOHLIENLUMK
Bbeppyma-TyrreHrelima M BK/IIOYAET KOMMJIEKC KOMIMBIOTEPHbIX Mporpamm Ha nasbike C# (Csharp),
npeaHasHayYeHHbIX A/1A OLEHKWU CTENeHW OTKAOHEHWA CBOMCTB peanbHOW CUCTEMbl OT WAEasbHOM.
Kputeprem OLEHKM ABAAETCA OCMOTUYECKUI KO3bdULMEHT Bbepymma-TyreHreima. Xapaktep
M3MEHEHUA OCMOTUYECKOTrOo KoapduumeHTa bBbeppyma-TyrreHrelima OT OTHOLEHMA aKTUBHOCTU
KOMMOHEHTOB B UAEaNbHOW XuUAKOM U TBepaon dasax (nonoxutensHblt @i <1 uam otpuuatenbHbii Oi
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>1) Npu rpaHUYHbIX YCA0BUAX GOPMMPOBAHMA MONElN KpUcTanamsauum ¢as, OTHOCALMXCA K Npoueccam
BbINAABKN GEPPOCUNIUKOANIOMUHUA ABNAETCA NPAMbIM A0Ka3aTENbCTBOM BO3SMOXKHOCTU MPUMEHEHUA ero
B KayecTBe MeTa/l/IM4ecKoro BOCCTAHOBUTENA. PacuMTaHHble MmaTemaTMyeckue  3aBUCMMOCTM
OCMOTMYECKOro  KoadouumeHTa bBbeppyma-TyrreHreliMa no3BOAMAM  ONpeAenuTb  Temnepatypy
KpUCTanauMsaumMm  cnnasa  GeppoCUNUKOANIOMUHMA,  NPU  KOTOPOW  MPOMCXOAMT  npouecc
cnnasoobpasoBaHua c bonee boraTbiMm cogepkaHMeM aNtoMUHUA. TpadrKM 3aBUCUMOCTU OCMOTUYECKOTO
koadpduumneHta Bbeppyma-TyrreHreiima KpuCTanAM3yloLWErocA KOMMOHEHTa OT OTHOWEHWA ero
AKTUBHOCTU B KWMAKOW M TBepAoil ¢dasax Mokasanu, 4To PoOCT TeMnepaTypbl MPUBOAUT K CUAbHBIM
oTpULATENbHbIM OTKJIOHEHWAM CBOWCTB KPEMHMA, @ 3HAYUT NyyLieli CMewnBaeMocTM ero B pacnaase C
Kenesom W aNloMUHMEM. YCTaHOB/IEHbl COCTaBbl KPeMHeasloMUHUEBBIX CM/aBOB C MOBbILEHHbIM
COAEPKAHMEM aNOMUHMA B KOMMNIEKCHOM cnnase ¢eppocunnkoantommHmnin (FeSiAl) Ha ocHoBe ux
AMarpamMmm COCTOAHMA Yepe3 OCMOTUYECKUI KoadpduumeHT Bbeppyma-lyrreHreiima c cogepskaHuem
kenesa 12-37 %, anomuHua 20-25 %, kpemHua 68-38 %. MonyyeHHble TeopeTUYecKMe pesynbTaThbl
NoO3BONAT ONPeaennTb YCI0BUA, obecneynsatoliue MakCMManbHO BO3MOXHOE YCBOEHWE aNtOMUHUA
pacnnasamu GbeppOCUNINKOANOMUHNA, MOCTYNAOLLETO U3 BbICOKO30/1bHOMO YA B NPOLLecce NAaBKU 3TOrO
MeTanna B PYAHOTEPMMYECKMX Meyax, a 3TO MPAMOM NyTb K pa3paboTKe TeXHONOTUM NONyYeHUA
KOMM/IEKCHbIX CNNaBOB.

Kniouesble cnoBa: anarpamma cocToaHuA, KoadduuneHT bbeppyma-fyrreHrelima, Nona KpUctanamnsaumum
$as, KpeMHUantoMUHUEBbIE CNasbl, PepPOCUINKOANIOMUHMNIA, KOMNEKCHbIE CMNAaBbI.
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