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Study of the thermal properties of clays from the Krasnoyarsk
and Sukpak deposits of Tuva

The most important factor in the development of industry and the construction industry of individual and
hard-to-reach regions is the availability of their respective raw materials and energy base. Their possible ef-
fective use can often be difficult due to difficult geological conditions, lack of required transport connections
and removal from industrial centers. So, in particular, more than a dozen industrial deposits of fossil raw ma-
terials and clay rocks located in hard-to-reach areas are known on the territory of the Republic of Tuva and
their extraction is currently not cost-effective. Therefore, available low-grade raw materials with the introduc-
tion of various additional components can be used as the main raw material. The latter requires a certain
amount of complex research, namely, the study of the dynamics of the behavior of the initial components,
their mixtures, the batching compositions during roasting, the development of technology parameters using
new raw materials, etc. In this connection, in the first stage of the research in this paper using a number of
methods of physicochemical analysis the dynamics of the phase transformations occurring in the material of
the rare-earth clays of the Sukpak and Krasnoyarsk deposits of Tuva is studied, with their heating in the tem-
perature range up to ~ 1020-1025 °C. As a result, the stages of successive thermal decomposition of the ma-
terial were determined, namely, the removal of sorption and hydrated moisture, the destruction of
hydroaluminosilicates, the decomposition of magnesian calcite, and the initial formation of high-temperature
aluminosilicate structures.

Keywords: thermal, X-ray phase analysis, X-ray fluorescent analysis, clays, oxides, carbonates, silicates,
aluminosilicates.

Introduction

One of the most important factors for the development of the construction industry of remote and hard-
to-reach regions is the availability of an appropriate raw materials base and its efficient use. However, often
existing internal sources of raw materials are not used enough in regions. So, in particular, more than a dozen
industrial deposits of clay rocks are known on the territory of Tuva [1-4]. The presence of 45-62 % of SiO,
and 13-18 % of Al,O; in them allows them to be attributed to semi-acid clays (herein and after, % wt.). They
contain significant concentrations of alkaline earth metal compounds (5-10 %), iron oxides (69 %). Similar
clay rocks are divided into two groups:

— smectite, with predominance of the mineral nontronite (Fe, Al),[Si4O0](OH),'nH,O in the clays of

this group;

—micaceous, rock-forming mineral in which is illite (a kind of hydromuscovite) — K< AL[(Si,

Al)4010]'OH2'nH20.

The latter in terms of plasticity refer to a moderately and slightly plastic group. They are also light-
binder material. Their refractory temperatures are in the range of 11801250 °C and have a small sintering
interval (~ 30-50 °C).

At a firing temperature of smectite clay up to 1100 °C, the crock of the cake has water absorption (B)
equal to 8—10 %, which indicates its porous structure. Therefore, in order to obtain a dense crock (B <5 %),
as a rule, clays of the hydromica group are used.

An analysis of the geography of occurrence of clay rocks of Tuva showed that the existing clays of the
micaceous group on the territory of the Republic were in hard-to-reach areas of the region and their extrac-
tion was currently not possible. Therefore, mainly montmorillonite clays of the Krasnoyarsk and Sukpak de-
posits are used as the main plastic raw material in practice. These clays are low-dispersed, moderately and
low-plastic, with high and medium sensitivity to drying, characterized by a small interval of sintering.

For effective work of production on this raw material it is necessary to work out for it the required tech-
nological mode of roasting. And to obtain the specified technological properties of the material of these
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clays, it is necessary to additionally produce specially selected effective additives for them. Natural
fluxescan be these additives. Deposits of qualitative natural fluxes — pegmatites (a mixture of quartz and
feldspars) are found in the Republic, but are in inaccessible mountainous terrain and are not yet developed
due to the difficulty of their development. Therefore, low-quality raw materials with the addition of various
man-made materials such as quarry wastes, asbestos and other technological products are used as additives in
practice.

By the time, only solid brick of M75 grade is produced from ceramic materials in the amount of
~2-3 thousand pieces per year by the construction industry of Tuva, with the annual requirement of about
20-22 thousand pieces of conditional brick. Missing requirements are covered by income from other regions.
At the same time the cost of material increases by 1.5—1.7 times due to transportation costs [2].

With the purpose of more efficient use of raw materials for the construction industry, a number of
works on improving the production of ceramic materials have been carried out recently [2, 3, 5]. Also, at-
tempts were made to use the Khovu-Aksy dump slurry (plant «Tuvakobalty» wastes) in the production pro-
cess of ceramic materials instead of natural fluxes [6, 7].

These preliminary experiments have shown the possibility of obtaining a ceramic material of a dense
crock based on local clays and dump sludge of Khovu-Aksy. However, these experiments were of a trial na-
ture. At the same time, the ecological factor was not taken into account, although the sludge of the Khovu-
Aksy dumps contains 3.0 to 6.3 % of arsenic [8]. How will the arsenic compounds present in the sludge be-
have in the process of production and further exploitation of ceramic products? This question remains open.
Therefore, at the subsequent stage of research on the use of Khovu-Aksy dump wastes in the production of
ceramic building materials, the environmental factor should be decisive, along with the study of the physical
and technological properties of the materials of the initial charge and the products obtained.

In order to study the possibility of using the wastes of the Khovu-Aksy dump for the production of ce-
ramic products and building materials as a flux at the initial stage of the research program, there was made a
study of the phase transformations occurring during roasting, the initial components of the production of ce-
ramic materials (clays of Sukpak and Krasnoyarsk deposits of Tuva, dump products of Khovu-Aksy), as well
as their mixtures.

This report presents the results of studying the phase transformations occurring in the material of the
clays under investigation during their calcination.

Experimental

Initial samples of clays were subjected to quantitative analysis for oxides by X-ray fluorescent method
and X-ray phase analysis (XRD) to determine their mineral composition. The obtained results on the content
of oxides in the samples of the investigated clays are presented in the Table.

Table
X-ray fluorescence analysis of starting materials
Analysis data, % mass
No Starting ma- Amor-
terial SIOZ A1203 F6203 MgO CaO T102 NazO Kzo SO3 NiO | CuO C0304 P205 MnO phOUS
phase
I Krasnoyarsk | 55 73 | 1426 | 6.20 | 2.48 | 636 | 0.75 | 2.17 | 224 | 051 |0.006 | VP (Unde-) 525 10,10 | 8.22
C]ay fined | fined
2 |Sukpak 4976 | 14.83 | 7.26 | 3.22 | 824 | 0.83 | 1.15 | 2.17 | 026 | 0.008 | Ynde{Unde-| 635 | g.16 | 11.05
C]ay fined | fined

X-ray fluorescence silicate analysis of the samples was performed on an ARL-9900-XP ARL (Applied
Research Laboratories) X-ray spectrometer. The sample was dried at 105 °C for 1.5 hours, then it was
calcined at 960 °C for 2.5 hours and mixed with a flux (66.67 % of lithium tetraborate, 32.83 % of lithium
metaborate, and 0.5 of lithium bromide) in a ratio of 1:9 (the total weight of the mixture is 5 g). The mixture
was melted in platinum crucibles in an induction furnace (Lifumat-2,0-Ox, Germany). State standard sam-
ples of the rock composition were used to verify the correctness of the analysis.

X-ray phase analysis was performed on an ARLXTRA powder diffractometer of Thermo Scientific
ARL Products (Switzerland). The samples were ground in alcohol in an agate mortar and applied to a glass
substrate of 2x2 c¢m in size. The thickness of the preparation was ~20 mg/cm”. The samples were scanned
(CuK, radiation) in the range from 2° to 65° (20) in steps of 0.05°, the scanning time at the point was 3 sec.
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The interpretation of X-ray diffraction patterns of minerals was compared with the reference cards of the In-
ternational powder database «Power diffraction files» (PDF).

Thermal studies (DTA) were carried out using the Pauliick model derivatograph, Pauliick Erdei (Hun-
gary), MOM-1000 type. The conditions are standard: the heating rate is ~10 deg/min, the air environment;
the temperature limit is 900—1025 °C. The samples of the cinders of the investigated clays after thermal anal-
ysis were also studied for the phase composition by X-ray diffraction analysis. The data on the chemical,
physical, chemical and thermochemical properties of individual natural compounds, minerals and clays
available in the reference and scientific literature were used to process the results of the thermal analysis of
the products under study [9-15].

Thermal analysis of the Sukpak clay

According to X-ray fluorescence analysis:

— The basis of the average sample of the Sukpak clay is quartz (a-Si0O,) and magnesium containing cal-

cite — (Mg, Ca)COs;;
—1it contains a considerable amount of plagioclase, the sum of albite (NaAlSi;Og) and anorthite
(CaAl,Si,04) = (100 — n) NaAlSi;Og + nCaAl,Si,0g, where «n» can vary from 0 to 100;

— kaolinite — Al4[Si40;0](OH); is also present; potassium feldspar, which represents aluminosilicates
mainly of potassium (orthoclase, microcline — K[AISi;Oy0], etc.); mica (aluminosilicates
AB, 3[T400](OH, F), where A — K, Na, Ca and others, B — Al, Mg, Fe; T — Si, Al); smectite,
illite-smectite (solid solution of mica-like minerals, the compositions of which, according to the bibli-
ography, belong to the high-silica mica: montmorillonites and saponites);

— the presence of hematite a-Fe,Os is noted.

According to the data of X-ray fluorescence analysis (see Table), the sample with relatively equal
content of alumina (14.83 %) with Krasnoyarsk clay has lower contents of silicon oxide (49.76 %), sodium
(1.15 %), but in somewhat larger amounts oxides of a number of other metals (iron, magnesium, calcium,
potassium).

After carrying out the thermal analysis within the temperature up to 900 °C, the mineral composition of
the resulting cinder according to the X-ray phase analysis has undergone the following changes. There is a
complete absence of magnesian calcite and kaolinitein the sample with the dominance of the quartz phase.
Along with quartz, the dominant mineral is plagioclase. The product of thermolysis shows the presence of
potassium feldspar, hematite, traces of mica, illite-smectite, and also the possible presence of karosite-
KFe;[SO4]2(OH)g.

The DTA curve of the thermogram (Fig. 1) shows a number of endothermic effects with temperature
peaks at 100, 540, 680, and ~795 °C. The stages of mass loss (see curves of TG and DTQG) are fixed by the
final temperatures of 250, 540, 750 and 800 °C. Sorbed and crystallization moisture is removed from the clay
materialin the interval up to ~ 250 °C. In the temperature range ~ 435—620 °C, decomposition of kaolinite
takes place: decomposition of weakly formed structures occursup to ~ 500 °C, and further (at ~500-600 °C),
the ordered forms are destroyed with removal of structural (molecular) water and the release of amorphous
phases of Al,O; and SiO,.

Apparently, the process of decomposition of magnesian calcite beginsalready at temperatures of ~ 620—
650 °C. Initially, the decomposition process occurs with the release of MgO as an amorphous phase. Further,
the decomposition of magnesian calcite is completed by the release of CaO and complete distillation of CO,
within the limits of temperatures ~ 750795 °C.

The DTGA of a sample of Sukpak clay subjected to additional abrasion in a mortar and heated in the
temperature range up to 1025 °C (see Fig. 2), practically confirmed the course of the thermal decomposition
described by the curves of the thermogram curves of the first experiment (Fig. 1). However, there is an
increase in mass loss in the temperature range of 80-250 °C and a decrease in mass loss in the high-
temperature stages of heating. As a result, the total mass loss was also significantly reduced. This is due to
the fact that with additional processing (abrasion), there was a partial destruction of hydrated hydrosilicate
structures and at the same time an increase in the sorption capacity of the material [15]. Analysis of the TG
curve shows that the decomposition process of magnesian calcite is more clearly divided into two stages. At
the temperature stage from temperatures of ~ 580—600 °C the effect of decomposition of magnesian calcite
with the release of the amorphous phase of MgO is manifested. A fairly clear endoeffect at 740-770-820 °C
is due to further decomposition of calcite with the formation of an amorphous phase of CaO and CO,
distilling off. And further, at ~ 900 °C the decomposition of the residual calcite is completed. Subsequent
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small effects at 900, 930 °C, apparently, can be attributed to the residual decomposition of the most stable
aluminosilicate phases and the formation of structures such as spinel or mullite based on amorphous active
oxides formed during the decomposition of aluminosilicates and carbonates.
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Figure 1. The thermogram of the Sukpak clay sample Figure 2. The thermogram of the Sukpak clay sample
without additional treatment subjected to additional abrasion

The drop in the mass of the material when heated according to the TG curve is in accordance with the
dynamics of the thermal decomposition of the sample presented above. It is carried out sequentially in
several stages in the temperature intervals: ~ 80-250 °C, ~ 440-600 °C, ~ 650-750 °C, ~ 770-900 °C with a
loss of mass, respectively: 0.8—1.7 %; 2.2 %; 2.8-6.7 %; 4.9-5.6 %. The main weight loss (~ 80 %) occurs at
the last stage. The total mass loss is in the range of ~ 11.7-15.2 %, depending on the conditions for the
preliminary preparation of the sample and the temperature limit of heating at DTGA.

Thermal analysis of the Krasnoyarsk clay

According to the X-ray fluorescence analysis in the original sample of the Krasnoyarsk clay:

— quartz (0-SiO,); potassium feldspar (in particular, microcline and orthoclase-K [AlSi;0]), plagio-
clase (albite — Na[AlSi3Og] and anorthite — Ca[Al,Si,0Og]), magnesian calcite — (Mg, Ca)CO; dom-
1nate;

—there are such minerals as chlorite — (Mg, Fe™, Fe’")s[AlSi;0,0](OH)s; kaolinite —
Aly[Si4O019](OH)g; dioctahedral mica (muscovite type — KAL[(Si, Al)4O0](OH, F)); smectite and
traces of illite-smectite;

— traces of hematite — Fe,0;, siderite — FeCO; and goethite — FeO(OH) are noted.

In contrast to the Sukpak clay, potassium feldspar and plagioclase dominate in the composition of the
Krasnoyarsk clay along with quartz and calcite. These minerals in the Sukpak clay are contained in a small
amount. In addition, there are still chlorite and goethite, as well as sideritein the Krasnoyarsk clay. They
were not found in the Sukpak clay.

Comparing the content of element oxides in the Krasnoyarsk and Sukpak clays (see Table), it should be
noted that there is a greater content of quartz, sodium oxides and a fewer oxides of iron, magnesium and
calciumin the Krasnoyarsk clay.

The character of the DTGA curve of the sample of the Krasnoyarsk clay subjected to preliminary abra-
sion (Fig. 3) is rather close to the character of the DTGA curves of the Sukpak clay, although it has some
differences. Thus, with similar low-temperature endoeffects with temperature peaks at 160 and 540°, the sub-
sequent course of the DTA and TG curves changes somewhat. High-temperature endoeffects of DTA (in the
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temperature range of 600-850 °C) are insignificant and weakly manifested. Only endoeffect with a peak at
750 °C is relatively clearly manifested. The TG curve smoothly extends from 440 to 600 °C and further from
700 to 800 °C with the continuation of some decrease in mass up to 900 °C, in contrast to the TG curves of
the sample of the Sukpak clay.
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Figure 3. Thermocouple sample of the Krasnoyarsk clay subjected to additional abrasion

After the thermal analysis of the sample of the Krasnoyarsk clay, carried out in the temperature range
up to 900 °C, the phases of quartz, plagioclase dominate in the cinder material, the content of potassium feld-
spar is somewhat lowered, calcite, kaolinite, siderite, hematite, goethite, illite-smectiteare completely absent.
The material retains traces of mica and a magnetite phase appears.

Based on the data obtained from the thermal analysis of the samples of the Krasnoyarsk clay (Fig. 3)
and X-ray phase analysis data, the following sequence of thermal transformations occurring when the mate-
rial of the Krasnoyarsk clay is heated can be represented.

Adsorbed water is removed in the temperature range of ~ 80—160 °C. Subsequently, within a range of
up to 300 °C, a partial removal of the crystallization water takes place. In the temperature range of ~ 400—
600 °C, the destruction of mineral phases such as kaolinite occurs with the removal of structural (molecular)
water and the formation of amorphous Al,O; and SiO,. The decomposition of chlorite and magnesian calcite
takes place with a further rise in temperature within 600—-850°C. The degradation products (Al,Os, SiO,,
MgO, CaO) formed in these temperature ranges are likely to acquire a plagioclase structure after subsequent
heating (> 900 °C), which explains the increase in its content in the material as a result of thermal exposure
to the product under study.

The weight loss of the material occurs in the following sequence: within the limits of temperatures up to
280 °C — 3,3 %, to 600 °C — 6,7 %, to 700 °C — 4,4 %, to 850 °C — 3,3 % and to ~ 920 °C — 2,2 %. The
total mass loss is 19.9 %, which significantly exceeds (within ~ 5-6 %) the decrease in the mass of the
Sukpak clay.

Subsequent heating, exceeding 900 °C, leads to complete decomposition of carbonate and hydrosilicate
phases and promotes the process of transformation of amorphous phases formed as a result of the destruction
of a wide range of aluminosilicates into plagioclase, spinel or mullite structures.

The stage-by-stage loss of mass that occurs during heating is due to the following factors, namely, re-
moval of adsorption and crystallization water (endoeffects at ~ 80—400 °C) and decomposition of structures
of aluminosilicates with removal of structural (molecular) moisture (endoeffects at ~ 440—600 °C); decompo-
sition of magnesium calcite and siderite with the removal of CO, (endoeffects at ~ 600—850 °C).
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Conclusion

The dynamics of the phase transformations in the clay samples of the clays of the Sukpak and Krasno-
yarsk deposits that occur when they are heated in the temperature range up to ~ 1020-1025 °C is generally
carried out according to the general scheme. Sorption and crystalline hydrate moisture is mainly removed in
the region of low temperatures up to ~ 400-450 °C. At temperatures in the region of ~500—-600 °C and with
subsequent heating, the destruction of hydroaluminosilicate structures with the removal of crystallization
(molecular) water, the release of amorphous oxide phases of silicon, aluminum and other metals included in
these aluminosilicates occur. At subsequent heating in the temperature range of ~ 600 °C and higher, the de-
composition of magnesian calcite with the removal of CO, into the gas phase and the formation of succes-
sively amorphous magnesium oxide structures (up to ~ 700-800 °C) and, further, calcium oxide (in the range
above 800-850 °C) take place. At temperatures above 900 °C in the material of the samples, new high-
temperature aluminosilicate structures such as spinel, mullite, and plagioclase begin to form amorphous ox-
ides. However, this does not lead to a volumetric and aggregate change. The material, as a rule, slightly
hardened, but there was no appearance of liquid phases and even minimal sintering («grasping»). The prod-
ucts formed after the experiment with a little effort are scattered.

Some differences in the dynamics of phase transformations and in the composition of firing products of
the Sukpak and Krasnoyarsk clays are determined by the difference in the phase composition of these clays.

References

1 Kapa-can b.K. Xumuko-muHepanoradeckue 0COOCHHOCTH MecTOpokaeHus riauH u cyrnuHkoB Tyeel / B.K. Kapa-ca,
B.U. KynpsiBues // CocTosiHUE W MEPCIEKTHBBI OCBOSHHUS MPUPOAHBIX pecypcoB Tyssl: ¢6. Hayd. Tp. — Kenbur: TysBUKOIIP CO
PAH, 2002. — C. 100-105.

2 Kapa-can b.K. Kepamuueckue cTpouTenbHble MaTe€pUalbl, MOJIydyaeMble O0KUIOM IPU MOHM)KEHHOM [IaBJICHUU: aBTOped.
IHC. ... I1-pa TexH. Hayk: 05.23.05 — «CtpourenbHble MaTepualibl U U3enus (TeXHONor s, crpykrypa u usaenus)» / b.K. Kapa-can.
— Hoocubupck: Cu6CTPUH, 2007. — 36 c.

3 Kapa-can b.K. Binsinue moHIKEHHOTo JaBjieHHs Ha mpoliecchl ra3oBbiaeneHus npu ookure riun / b.K. Kapa-cax // Ctekio
u kepamuka. — 2004. — Ne 9. — C. 18-20.

4 Jle6enes B.W. Ilpupoansie pecypcsl PecnyOnuku TyBa: mpobiemMbl M MEPCHEKTHBBI MX OCBOCHHs: MOHOrpadus /
B.U. Jle6enes. — Koizpu1: TyBUKOIIP CO PAH, 2007. — 77 c.

5 Kapa-can B.K. IIpormo3upoBanue TEXHOJIOTUYECKHX CBOHCTB KEPAaMHYECKHX MAacCc Ha OCHOBE XHMHKO-MHUHEPATOTHYECKUX
ocobenHocrei rauuucThix mopox / b.K. Kapa-can, 1.X. Car, V.. Uynbaywm // EcrecTBeHHble U TexHHYeckne Hayku. — 2009. —
Ne 1. —C. 371-375.

6 Kapa-can b.K. Kepamuueckuii marepuan Ha OCHOBE OTXOAOB H3BIedYeHHs KobanbToBoro kouuenrpara / Bb.K. Kapa-cain,
3.3. Onpap, K.JI. Car // U3Bectust By3oB. CtpourensctBo. — 2009. — Ne 8. — C. 32-36.

7 Kapa-can B.K. Kepamuueckuii Marepuan Ha OCHOBE OTX0J0B KobGamproBoro koHmenrparta / b.K. Kapa-camn, M.C. Uprur,
10. /1. Kamunckuii // Texauka u Texunosorust. — 2005. — Ne 5. — C. 63-66.

8 Komsuos H.U. [Ipo6nemsl MBIIBSK-coaepxamux orBasioB: Monorpadus / H.M. KomsinoB. — HoBocubupcek: Axanem. u3z-
Bo «I'EO», 2012. — 182 c.

9 Atlas of thermoanalytical curves. — London; New York; Budapest: Akademiai Kiado, 1974. — Vol. 1-5.

10 KymukoB B.®. MuHepanoruyeckuii CHpaBOYHHMK TexHojora-oboraturens: cmpas. u3n. / b.®. Kymukos, B.B.3yes,
W.A. Baiinmenkep, I'.A. Murenkos. — JI.: Henpa, 1985. — 264 c.

11 Berextun A.I'. Munepanorus: monorpadwus / A.I'. berextun. — M.: T'oc. u3a-Bo reonor. aur., 1950. — 956 c.

12 Topmkos B.C. Tepmorpadust crpourensHsix MaTepuanoB: MoHorpadus / B.C. 'opmkos. — M.: M3x-Bo 1uT. IO CTpoH-
TenbCTBY, 1968. — 237 c.

13 TlamkeBna JI.A. Tepmorpadust mpoaykToB TIiIMHO3EMHOTrO mpomsBoictBa: cmpaB. / JLA. IlamkeBuu, B.A. bponesoii,
W.II. Kpayc. — M.: Mertamnyprus, 1983. — 129 c.

14 TomosukoB A.A. Munepainorus: yueouuk / A.A. 'onoBukoB. — M.: Henpa, 1983. — 647 c.

15 WBanoBa B.II. Tepmuyeckuii aHamu3 MuHEpaJoB W TopHbIX mopoxa: Mouorpadus / B.IL MBanosa, b.K.Kacatos,
T.H. Kpacasuna, E.JI. PosunoBa. — JI.: Henpa, 1974. — 399 c.

Cepusa «Xumuns». Ne 2(90)/2018 97



N.l. Kopylov, E.P. Solotchina

H.N. Konsinos, D.11. ComotunHa

TyBanbiH Cyknak :xoHe KpacHosipck KeH OpbIHAAPHI TONBIPAKTAPBIHBIH
TEePMUSJIBIK KaCHETTEPiH 3epTTey

JKexke koHe anbiC allMaKTapAbIH OHEPKACiOi MEH KYPBUIBIC HHYCTPHSCHI AaMYBbI YILIiH MaHbI3bI haKkTOpIIapsl
GOJTBII IIMKI3aTTHIK JKOHE YHEPIUSUIBIK Oa3anapbIHbIH 00JTybl TaObUIAAbI. OJETTe, OJap/bl THIMII Halifanany
MYMKIHZIr KypZeni reoJoTHsUIbIK JKaFaailiapMeH, KaKeTTi TPaHCIIOPTTHIK KaThIHACY/IBIH KHE OHEPKICIITIK
OpTalbIKTapJaH ajbic OpHalacybIMEH KHbIHAAThUIaAbl. Mblcaiibl, HaKThUIaN aiiTkanna, TyBa PecnyOnukack
OHIpIH/IE, aNbIC OHIpIIEpP/Ie OPHAIACKAH )KOHE COHBIKTAH OJIapIblH OHICTYI Ka3ipri Ke3/ie THiIMAI 00JIMalThIH,
IIMKI3aT KEHJAEpIHIH >XoHE TONBIpaK INBIFApBIHAAIAPBIH OHJAFaH OHEPKACINTIK Kazbamap KeHi Oap.
CoHABIKTaH HETi3Ti MUKi3aT Ke3i peTiHAe KODKETIMII TOMEH CYpPBINTAFrbl MIMKI3aTBIH OPTYPJi KOCHIMIIA
KOMITOHEHTTEp CHT13y aKbUIbI KOJIAHBUTYEl MYMKiH. OchlFaH OalaHBICTHI KeIISHAI 3epTTeyIepain Oenrimi
KelneMi KaxeT: Oacranmkpl KOMIIOHEHTTEPIiH CHNATTaly JAWHAMHKACHIH, OJapAblH  KOCIAJIapbIH,
KBI3JIbIPFaH/aFbl IIMXTAMANTBIH KYpaMIapblH 3epTTey, jKaHa IIHKI3aTThIH KOJIAHYBIMEH TEXHOJIOTHUsIAp
napamerpiepin enzey T.0. OcbFaH OaiaHBICTBI OCHI JKYMBICTBIH OacTamnkbl caTbuiapbiHaa (U3HKa-
XUMHSUTBIK TangayiaapibiH OipkaTap oamictepin Koinmauein, TyBamarel Cykmak jkoHe KpacHospck KeH
OpBIHIAPHI TOIBIPAKTAPbIHBIH TOMEH CYpBINTHI MaTepHangapbiHaa, onapasl ~1020-1025°C  neiiin
KbI3JbIpFaHaarsl (as3aiblK e3repicTepAiH AMHAMHKACH 3epTTeireH. Hartmkecinae maTepuanably OipTiHaen
TEPMUSJIBIK  BIIBIPAYBIHIAFbl CATBUIAPbl AHBIKTAJIbL: COPOLMSIIBIK JKOHE T'HMAPATTHl BUFAIIBl JKOIO,
THAPOATIOMOCHINKATTApABl  JACKYPBUIBIMAAY, MAarHe3Walibl  KajJbLWTTI  BIIBIPATY JKOHE  IKOFApBI
TeMIIEpaTypalIbIK AIFOMOCHINKATTBI KYPBUIBIMAAP/IBI XKaHAIaH KaJbIITaCThIPY.

Kinm co30ep: peHTreH(IyOpecueHTTi, peHTreH(}a3adblK >KOHE TEPMUSUIBIK Taliayiap, TOIBIPAKTap,
OKCHJTEp, CUIMKATTAp, ATFOMOCHIIMKATTap.

H.N. Konrsrnos, 3.I1. ConoTunna

H3yuyenne TepMu4YecKMX CBOWCTB IIHH
Cyxknakckoro u Kpacnosipckoro mecropo:xaenuiit TyBbl

BaxxneimiM (akTopoM pa3BUTHUs MPOMBIIIIEHHOCTH M CTPOWHHAYCTPHM OTAENBHBIX U TPYAHOAOCTYIHBIX
PETHOHOB SBJISIETCSI HAIMYKE Y HUX COOTBETCTBYIOIIEH CHIPhEBON M dHepreTHyeckoil 0a3el. X BO3MOXKHOE
3¢ peKTHBHOE HCIOJIF30BaHNE 3a4acTyI0 MOXKET OBITH 3aTPYAHCHO BCIIEACTBHE CIOXKHBIX T'€0JIOTUUECKUX yC-
JIOBHH, OTCYTCTBUS TPEOYEMOTr0 TPAaHCIOPTHOTO COOOMICHNS M YIAJICHUS OT IPOMBIIIICHHBIX [IEHTPOB. Tak,
B 4aCTHOCTH, Ha Teppurtopun Pecryomuku TyBa m3BecTHO Goiee necsTKa MPOMBIIIICHHBIX 3aJeXel HCKo-
TIaEMOT0 CHIPbsSI U TTIOPOJ TJIMH, HAXOAAIINXCS B TPYJHOJOCTYIHBIX paifoHax, 1 nX Ko0blda B HACTOAIIEE Bpe-
Msl HepeHTabenbHa. [103ToMy B KauecTBE OCHOBHOT'O CBIPbSI MOKET OBITH HCIONB30BAHO JOCTYITHOE HU3KO-
COPTHOE CBIPhE C BBEIECHUEM PA3NUYHBIX JOMOIHUTEIbHBIX KOMIOHEHTOB. Ilocnennee Tpebyer onpenenéH-
HOT0o 00BbEMa KOMIUIEKCHBIX HCCIIEOBAHUH, TAKUX KaK M3yYeHHE NUHAMHUKH MOBEJICHUSI HCXOIHBIX KOMIIO-
HEHTOB, UX CMecel, IMUXTYIOIUX COCTaBOB MPH 00XKUre, 0TPabOTKa MapaMeTPOB TEXHOJIOTUH C HCIOIb30Ba-
HHUEM HOBOTO CBHIPbS U T.JI. B CBSI3M ¢ 9TMM Ha IepBOM 3TaIe UCCIENOBaHUN B JaHHOH paboTe C MCIIOIb30Ba-
HHUEM psiia METOJIOB (hM3MKO-XUMUUECKOTO aHAIN3a M3ydeHa AWHaMuKa (a30BBIX IpeoOpa3oBaHMiA, IpOUC-
XOJSIIUX B MaTepHaie HU3KocopTHbIX IiuH Cyknakckoro u KpacHospckoro mecropoxaeHuil TyBsl, Ipu ux
HarpeBe B obsactu Temneparyp 1o ~1020-1025 °C. B pesynbsraTte ObUIH ONpEAENeHbI STAIBI ITOCIEA0BATEb-
HOTO TEPMHUUECKOTO Pa3okKEeHHs MaTepuala: yhaneHue copOIMOHHOM U rMApaTHOH Blaru, AeCTPyKTypH3a-
M5 TUAPOATIOMOCHIIMKATOB, PA3JI0KEHNE MarHe3HabHOTO KaJblUTa U Ha4aJIbHOE ()OPMHUPOBAHUE BBICOKO-
TEMIEPaTyPHBIX ATFOMOCHIIHKATHBIX CTPYKTYP.

Kniouesvie cnosa: TepMuueckuii, peHTreHo(a30Bbli, PEHTIeHOGIYOPECLEHTHBINH aHaIN3bl, TJIMHBI, OKCHIIBI,
KapOOHATHI, CHIIMKATEI, ATIOMOCHIIMKATEL.
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