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PHYSICOCHEMICAL INVESTIGATIONS OF VERMICULITE -
MICROPOROUS COMPONENT FOR HEAT-RESISTANT MATERIALS

Abstract. The results of investigations of Kulantau field (Turkestan region) vermiculite’s physicochemical and
physical-technical properties are presented. The vermiculite’s chemical and mineralogical composition and its main
crystalline phases, which are composed of ferrous magnesium and calcium aluminosilicates of complex composition,
are determined by chemical, X-ray diffraction, spectral analysis methods. The complex thermal analysis method
established the processes occurring during heating, which allow to judge the physicochemical and structural changes
occurring in vermiculite during heat treatment. The electron microscopy method investigated the vermiculite
particles’ surface morphology. The main physical-technical properties of the expanded vermiculite are determined. It
was established that the expanded vermiculite has low bulk density and low thermal conductivity, has high porosity,
fire resistance, and refractoriness characteristics. Due to its unique properties, the expanded vermiculite can be
effectively used as a microporous component for production of composite heat-resistant materials.

Key words: vermiculite, methods of physicochemical analysis, physical-technical properties, microporous
component, composite heat-resistant materials.

Introduction. The Republic of Kazakhstan has huge reserves of natural and technogenic mineral raw
materials, which under certain conditions of their processing can become a full-fledged resource for
various industries [1-4].

The development of effective types of composite binding materials from natural and technogenic
mineral raw materials is one of the most urgent scientific, technical, economic and environmental
problems.

Vermiculite is a natural mineral from the group of hydromica, formed in natural conditions as a result
of hydration and other secondary changes of various micas. Vermiculites, formed from ferrous magnesium
micas — biotite and phlogopite, are of practical importance. The vermiculite’s chemical composition
corresponds to the approximate formula (Mg, Fe?, Fe®);[(Si, Al)s O10](OH)2-4H.O. However,
vermiculite does not always exactly correspond to the general formula, since it contains various impurities
[5].

In Kazakhstan, the most famous deposits of vermiculite are Altyntas, Karatas, Sholak-Kairaktin in
Aktobe region; Barchinsk in North Kazakhstan region; Neozhidannoye in Karaganda region; Kulantau in
Turkestan region [6].

A special feature of vermiculite is its ability to increase its volume by 10-20 times with a sharp
roasting. This expansion phenomenon is due to the fact that during a sharp roasting, the molecular water
between the vermiculite flakes quickly turns into steam, which moves the mica flakes always in the
direction perpendicular to the mica cleavage. The vermiculite expanded during roasting during cooling
retains increased volume with the thinnest air interlayers between the mica flakes, which gives the mineral
many valuable properties, in particular fire resistance, refractoriness and low thermal conductivity [7, 8].

Introduction of the expanded vermiculite, as a refractory microporous component, which, being a
damper, suppresses the resulting stresses under thermal effects, which contributes to increase in the heat
resistance of heat-resistant concrete [9, 10].
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In the works [11, 12], proceeding from the theoretical model applied to refractory materials, it was
found that the vermiculite use contributes to decrease in the thermal conductivity of heat-resistant
vermiculite concrete in comparison with other highly porous materials.

Methods. The physicochemical investigations of the vermiculite samples’ microstructure were
performed using JSM-6490LV scanning electron microscope (JEOL, Japan), with the help of which the
elemental chemical composition was also determined by the energy dispersive method.

The petrographic investigations of the vermiculite samples were performed using MIN-8 optical
polarization microscope by examining immersion preparations in the transmitted light.

The chemical analysis of the studied vermiculite samples was performed according to the method
adopted for inorganic materials [13, 14].

The vermiculite samples’ microstructure was investigated using JSM-6490LV scanning electron
microscope (JEOL, Japan), which also determined the elemental chemical composition by the energy
dispersive method.

The X-ray diffraction investigation was performed using Bruker AXS X-ray diffractometer

(Germany) on CaK, radiation at a voltage of 40kV and at a current of 40mA, at an angle coverage

interval of 26 5-80° at a recording step of 0.1° and a recording speed of 2s/step.

The diffraction patterns were decoded automatically using EVA software package of Bruker AXS X-
ray diffractometer.

The thermogravimetric investigations were performed using TGA/DSC1 Mettler Toledo thermal-
analytical system (Switzerland) — a device for combined thermographic analysis and differential scanning
calorimetry. The device is designed to measure thermodynamic characteristics (heat and temperature of
phase transitions and physicochemical reactions), as well as recording changes in the mass of solid and
powdered materials in the temperature range from 25 to 1600°C.
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Figure 1 — The diffractogram of the vermiculite sample

Results. The Kulantau field (Turkestan region) vermiculite samples were used for physicochemical
investigations.
The chemical composition of the vermiculite is shown in Table 1.
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Table 1 — Chemical content of the vermiculite

Content of oxides, mass percent

SiO2 Al2Os3 Ca0 MgO Fe20s FeO Na2.0 K20

MnO

H20

325 114 2.6 16.6 115 1.7 55 5.6

8.1 4.6

The diffractogram of the vermiculite sample is shown in Figure 1.

As a result of the X-ray investigation of the vermiculite sample, the following main
were identified:

- vermiculite (Mg2.ssFeo.4sAlo.16) (Al1.28Si2.72) O10(OH)2(H20)4.32Mg00 32;

- calcium alumosilicates Cas Al2.3Si1204s; Caag.1(AlgeSiosOssa).

Figure 2 shows the derivatogram of the vermiculite sample.

As a result of the complex thermal investigation of the vermiculite sample, the following thermal

effects were determined.

When analyzing the vermiculite’s TG, DTG and DSC curves, it was found that when the vermiculite
is heated, complex thermal transformations were observed: the 1% endo-effect is removal of moisture at a
of moisture with
3™ effect) with a
mass loss of up to 10%, another 0.5% of water is lost at 917°C (the 4™ effect). The first two endo-effects
are due to the loss of zeolitic water from large and small pores, the 3" and the 4™ effects are due to the loss
of water present in the vermiculite in the form of structural OH groups, the removal of which leads to the

temperature of 90.7°C with 6% mass loss; the 2™ endo-effect at 176.85°C is removal
7.5% mass loss. At a temperature of 653.4°C there is a prolonged release of water (the

zeolite structure destruction. The total water mass loss is 11.1%.
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Figure 2 — The derivatogram of the vermiculite

The vermiculite’s complex thermal analysis results allow to judge the physicochemical processes

occurring in it when heated and associated with various states of water in the vermiculite.

The observed intense endothermic effect in the temperature range of 80-100°C is associated with the

adsorption water loss.
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The second endo-effect is caused by the release of water (interpacket), bound to exchangeable water
ions, which is contained between the mica flakes and is strongly adsorbed on their cleavage planes. In this
case, there is a significant samples’ mass loss.

The stretched third endo-effect is characteristic of all micaceous materials, including vermiculite, and
is associated with the removal of hydroxyl groups.

The results of the surface morphology’s electron microscopic investigations and the vermiculite
sample’s energy dispersive analysis are shown in Figure 3.

CnekTp

Figure 3 — The surface morphology and the elemental composition
when scanning the vermiculite sample

The investigations of the elemental chemical composition (Table 2) showed that the vermiculite
composition has a significant content of such elements as Si, Mg, Al, Ca, Fe, K, which characterizes its
mineralogical composition.

Table 2 — The elemental chemical composition of the vermiculite

Content of elements, mass percent

0 Na Mg Al Si Cl K Ca Ti Fe

45.89 0.11 8.63 7.82 17.42 0.27 3.04 2.12 1.42 13.28

Table 3 shows the main physical-technical properties of the expanded vermiculite.
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Table 3 — The main physical-technical properties of the expanded vermiculite

Main physical-technical properties Indicators
Loss on ignition, mass percent 12-118
Bulk density, fraction 0.6-5 mm, kg/m?3 100-150 kg/m?
(Mark 150)
Porosity, including intergranular, % 84 — 95
Operating temperature, °C +1350

The expanded vermiculite has a number of valuable properties [15], among them the most important
ones include the following:

- low density — 60-200 kg/m3;

- low thermal conductivity coefficient — 0.048-0.06 W/m - degree (°C);

- high fire resistance, melting point > 1300°C;

- low coefficient of thermal expansion — 0.000014;

Currently, the actual scientific and technical challenge is to create new efficient types of heat-resistant
materials, in particular heat-resistant concretes, the production of which saves deficit and expensive raw
materials, reduces fuel and energy consumption and reduces labor costs [16].

Heat-resistant materials for thermal units operating at high temperatures should have high strength,
low thermal conductivity, high heat resistance, not high cost, and a number of other performance
indicators.

Analysis of published works showed that the use of mineral industrial wastes for production of
composite binders can be no less effective than the use of specially manufactured technical products [17].

The choice of the expanded vermiculite as a microporous component of heat-resistant materials is due
to its high thermal insulation properties and fire resistance, due to which the expanded vermiculite is used
in fire-retardant materials.

Conclusion. As a result of the physicochemical investigations, it was established that according to the
mineralogical composition, the vermiculite is represented mainly by magnesian aluminosilicates of
complex composition.

The expanded vermiculite has such valuable properties as fire resistance, high melting point, low
thermal conductivity, low bulk density.

Due to its unique properties, the expanded vermiculite can be effectively used as a microporous
component for production of composite heat-resistant materials.

T. C. Baxupos’, B. C. IIpouenko?, H. C. Baxupos?,
M. C. Jaynerusipos’, B. E. Cepuxoéaes’, K. H. Baxuposa!

1M.Sye30B ateraparel OHTyCTiK Kasakctan MemiiekeTTik yHuBepeuTeTi, LlIpiMkeHT K., Ka3akcTaH;
2YkpauHa MeMeNeKeTTIK XUMHUA-TEXHOIOIUsIbIK YHUBepcuTeTi, JHenp K., YkpauHa

BICTBIKKA TO3IMAI MATEPUAJIJAPTA APHAJIFAH MUKPOKEYEKTI
KOMITIOHEHTI - BEPMUKYJIUTTI ®PU3UKA-XUMUAJIBIK 3EPTTEY

AnHoTanus. Typkictan o6mnbicel KymanTay KeH OpHBIHBIH BEPMHUKYIHTIHIH (DU3UKa-XUMILIIBIK KoHE (pr3uKa-
TEXHUKAJIBIK KACHETTEPiH 3epTTey HOTIDKENepi KeNTipinreH. XUMHUSUIBIK, PEHTTEHOTpadus, CIEKTPaIbAbl TaJaay
ozicTepiMeH BEPMUKYIUTTIH XUMHUSUIBIK KOHE MUHEPATOTHSIBIK KYPaMbl, 5KOHE OHBIH HETI3T1 KPUCTAIBI (a3anapbl
KypAeii Kypamibl MarHUHTeMip jKOHE KajblUil aJrOMOCHIIMKATTAphl aHbIKTanaabl. KelleHi TepMUsUIbIK Tajjaay
ofliciMeH TEPMIBUIBIK OHACY Ke3iHAe BEPMHUKYIUTTErl (U3NKa-XUMHUSUIBIK KOHE KYPBUIBIMIBIK ©3repicTepai
Oarayayra MYMKIiHAIK OCpeTiH MporecTepi aHBIKTaAbl.  DJIEKTPOHABl MHKPOCKONMS OICIMEH BEPMHUKYJIUTTIH
OenmekTep OeTiHIH MOP(OIOTHACH 3epTTeNi. [CIHreH BEpPMUKYIUTTHIH HEri3ri (pU3HKa-TeXHHUKAJIBIK KacHeTTepi
AHBIKTAJ/IbI. ICIHT€H BEpMHKYJIUT TOMEH TBHIFBI3/IBIFBI MEH TOMEH JKbIIy OTKI3TILITIKKE He, )KOFaphl KEYeKTi, OpTKe
KapCchl JKOHE KHUBIH OalKy CHUIaTTamaiapbl Oap CKCHIIrT aHBIKTAIIBl. bipereil kKacuerrepi apKachlHAA ICIHTCH
BEPMHKYJIUT BICTBIKKA TO3IM/II KOMIIO3UTTI MaTepHaIiap/ sl OHAIPY YIIiH MUKPOKEYEKTI KOMIIOHEHT PETiHAe THIMII
naigananyra 001abl.

Tyitinai ce3mep: BepMUKYIUT, QU3UKO-XUMHUSIIBIK Tajlfay ofmicTepi, (HU3WKa-TEXHUKAIBIK KaCHETTepi,
MHUKPOKEYEKTi KOMIIOHEHT, BICTBIKKA TO31M/i KOMIIO3HIIMSIIBIK MaTepHAIap.
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Oxno0-Kazaxcranckuii rocyiapcTBeHHbIN yHuBepeuteT uM. M. AyesoBa, r.11IbiMkenT, Kazaxcran
2V KpauHCKHii rOCyIapCTBEHHBIH XHUMHMKO-TEXHOJIOTHYECKUH YHUBEPCHUTET, T.J[Henp, YKpanHa

OU3NKO-XUMHNYECKHUE NCCJIEJOBAHUSI BEPMUKYJIUTA —
MHUKPOIIOPUCTOT'O KOMIIOHEHTA JIJIS1 ")KAPOCTOMKHUX MATEPHUAJIOB

AHHoTanus. [IpuBeneHs! pe3ynbTaTel UCCIEIOBAaHWN (PU3NKO-XMMHYECKHX M (PU3NKO-TEXHWIECKHUX CBOMCTB
BepMmukynura Kynantayckoro  MecropoxaeHus — TypkectaHckod — obmactu.  MeTogaMu — XMMHYECKOTO,
PEeHTreHOTpaUIecKoro, CIeKTPaIbHOTO aHalk3a OIpeAeIeHbl XMMUKO-MHUHEPATOTHUECKUH COCTaB BEPMUKYJINTA U
COCTaBJISIIOLIME €r0 OCHOBHBIE KpHCTaJUIMUeckue (as3bl, MPEJICTaBICHHbIE MarHUIKEIe3UCTHIMA U KaJIbIIUEBBIMH
AIFOMOCHIIMKATaMU CIIOKHOTO COCTaBa. MeTOIOM KOMIUIEKCHOTO TEPMHUYECKOTO aHalM3a YCTAHOBIICHBI ITPOIIECCHI,
MPOTEKAIOLMe TPH HarpEeBaHUH, KOTOPBIE MO3BOJIIOT CYJUTh O (PU3UKO-XUMHYECKUX M CTPYKTYPHBIX M3MEHCHUSIX,
MIPOUCXOSIIUX B BEPMHUKYJIUTE IIPH TEPMUUECKOH 00paboTke. MeToI0M 3J1eKTPOHHONH MUKPOCKOIIMH HCCIIeJ0BaHa
MOpQOIOTHs TOBEPXHOCTH YaCTUI BEepMHUKynuTa. OIpeneneHsl OCHOBHBIC (H3MKO-TEXHHYECKHE CBOHCTBA
BCITyYE€HHOT'O BEPMHUKYJIUTA. ¥ CTAHOBJICHO, YTO BCITyYCHHBIH BEPMHUKYIUT 00JIa1aeT HU3KOW HACHIITHON INIOTHOCTBIO
1 HU3KOW TEIIONPOBOAHOCTHIO, IMEET BBHICOKHE XapaKTEPUCTHKH 110 MOPHUCTOCTH, OTHECTOMKOCTH, TYTOIIaBKOCTH.
BemydeHHbBI BEepMHUKYJIHT, Olarogapsi CBOMM YHUKAJIBHBIM CBOWCTBaM, MOXET 3(QQEKTHBHO INPUMEHATHCA B
Ka4eCTBE MUKPOIIOPHCTOTO KOMITIOHEHTA JUIS IPON3BO/ICTBA KOMIIO3UIIMOHHBIX )KapOCTOWKNX MAaTepHAaJIOB.

KaioueBble ci10Ba: BEPMUKYIHT, METOIB (PH3NKO-XMMHUYECKOTO aHaIM3a, (PU3NKO-TEXHUUYECKHE CBOWCTBA,
MHUKPOHOPHCTHIA KOMIIOHEHT, KOMIIO3UIIMOHHBIE KapOCTONKHE MaTepHabl.
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