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Annotation. The possibility of obtaining effective wall materials and technological lightweight products for
high-temperature insulation by introducing the expanded vermiculite into the ceramic mass is investigated.
Mineralogy of used clays and vermiculites was studied. They are represented by minerals of the same class,
and therefore weak adhesion of smooth surfaces of vermiculite grains is compensated by common genetic
origin with the matrix of the basic material of the composite. Thermotechnical studies of the process of swelling
of vermiculite in a quartz furnace showed that to obtain a relatively high mechanical strength of vermiculite
grains, it is necessary to select the maximum temperature and the mode of swelling, so that the planar shape of
vermiculite plates remains and there is no pronounced warping. The degree of thermal delamination is
influenced by the particle size, the increase of which entails a deterioration in physical and mechanical
properties. The introduction of a high percentage of vermiculite additives in the charge allows to obtain
lightweight thermal insulation products.

AHHOTauuA. VccrnegoBaHa BO3MOXHOCTE —MOMyvYeHUs SMAEKTUBHBLIX CTEHOBLIX Martepuans U
TEXHOMOMMYHbLIX FErKOBECHbIX W3AenuMn ANs  BbICOKOTEMMEPaTypHOW U30NAUUM  NyTemM BBEOEHUS B
KepamMM4YecKyto Maccy BCMYYEHHOrO BepMuKynuta. W3ydyeHa MuHeparnornst UCMnomnb3yemblX [fMH U
BepmukynutoB. OHWM MpeacTaBneHbl MuHepanamy OAHOro Krnacca, M noatoMmy cnabas agresvs rnagkux
NMOBEPXHOCTEN 3epeH BEPMUKYNMTa KOMMEHCMPYETCH OBLLHOCTLI0 reHEeTUYECKOro NPOUCXOXAEHUS C MaTpuuen
OCHOBHOro MmaTepuana KoMrosuTa. TennoTexHUYecKMMn uccrnefoBaHMsAMM  npouecca  BCryyYnMBaHUA
BEPMUKYNUTA B KBApLEBOW Meyn MnokasaHo, YTO ANs MNOSYYEHUss OTHOCUTESTbHO BbICOKOW MeXaHWU4eCKomn
NMPOYHOCTU 3epeH BEPMUKYNuUTa Heobxoanmo noabupaTbe MakCMMarnbHYyK TEMNepaTypy U pexnm BCny4YMBaHus,
4YTOObI COXpaHsnacb MMAOCKOCTHas dopMa MMacTUMHOK BEPMUKYNMWTa M OTCYTCTBOBANO SBHO BbIPaXXEHHOEe
kopobrieHve. Ha cTeneHb TennoBoro paccrnavBaHus BMSET pa3Mep 4YacTul, YBenuyeHue KoToporo BrieveT 3a
cobol yxyaweHue U3MKO-MEXaHNYECKUX CBOWCTB. BBeaeHMe BbICOKOrO MPOLEHTHOro OTHOLWeEHMSA AobaBku
BEPMUKYNUTa B LUMXTY MO3BOSISAET NONYYUTb NErKOBECHbLIE TEMMON3ONALNOHHbIE U3AENUS.

Key words: ceramic composite, exfoliated vermiculite, chemical composition, clay Mineralogy,
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BBeneHue

B okpyxeHuu cTpouTenbHbIx MaTepuanoB venoBek Haxogutca Ao 70 - 90 % cBoen Xu3Hu, ocobeHHo B
KNMMaTUYEeCKUX YCMNOBUAX CEBEPHbIX PErnmoHOB, B CBA3M C 3TUM OOHOW U3 BaKHEWLIMX 3ajadv Ans yveHblX
ABNsieTcA co3gaHve KoMopTHOM cpedbl OOWUTaAHWS YenoBeka WM ONTUMU3AUUS CUCTEMbI  «4YEJOBEK—
mMaTepuan—cpega obutaxusay [8—12].

B HacTosiee Bpemsi okono 67% Bcero oobeMa Npon3BoANMbIX CTPOUTENBbHbBIX MaTepuanoB NPUXoAMTCS
Ha knpnuy. BocTpeboBaHHOCTL yka3aHHOTO MaTepuaria Ha pblHKE CTPOMTENbHbIX U3denuin obbsACHSAeTCH ero
HECOMHEHHbIMM MpeumyLlecTBamMu: MnoxapHas W 3konormyeckasds ©e3onacHOCTb, MNapoOnNpOHULAEMOCTb,
AonroBeyHocTb. OgHaKoO y MOMHOTENOro KepaMuMyecKoro Kupnuya WUMEKTCS CYLUeCTBEHHble HedoCTaTkn -
OTHOCUTESBHO BbICOKas MMOTHOCTL (Macca 1Mm° cTeHbl cocTaBnsieT okono 1600 Kr) 1 TennonpoBoAHOCTb. Takne
CTeHbl Hepegko 06nagalT M3NUWHEN MNPOYHOCTbIO, KOTOpasd He wucnonb3dyetcs. CHM3UTb MMAOTHOCTb W



TEeNnonpoBOAHOCTb MOXHO Pas3fUYHbIMK MpUeMaMU,- KaK M3rOTOBMIEHMEM KUpMMYa C TEeXHOSOrMYeCKMMM
nycTtoTamu, Tak 1 3a CYET BBEOEHUS B IMUHY BbiroparoLmx o6aBok (Yronb, ONWIKK, IMHUH 1 ap.) v ap. [1-2].

[ns nponsBoAcTBa KOHKYPEHTHO-CMOCOBHONM NpoAyKumMm Heobxoanmo coBMeLLaTh pecypcocbeperarome
TEXHOMOrMM  Mpom3BoACTBa 3A(PPEKTUBHOM KEpaMUKM U OEKOPaTMBHYO OTAENKy ANnd  co3gaHus
KOMMO3WLMOHHOIO Amn3ariHa COBPEMEHHbIX ropodoB. [103ToMy uccrnegoBaHus B 3TOM HanpasieHUW SBNSAOTCA
aKTyarnbHbIMU MPW peLleHnr NpobrnemM COBPEMEHHON KeEpaMMUYECKON OTpaciu.

Tak kak B OCHOBHOW Macce rMuHbl SBNAOTCSA NOMIMMUHEpanbHbIMW, W, CnefoBaTenbHO, OTMANYaTCA
BbICOKON HEOAHOPOAHOCTBIO MWHEpPAariorMyeckoro coctaBa He TOMbKO Mo rnybuHe 3aneraHus, HO Mo
NPOTAXEHHOCTU MECTOPOXAEHUSA, WX OTHOCUTENBbHO CIIOXHO MOoAMUUMPOBaTbL C LUENbo  NONyvYeHUs
KayecTBeHHOM WKxTbl. COBPEMEHHbLIN 3Tanm pas3BUTUS CTPOUTENBHOrO MaTepuanoBedeHusi Tpebyet
NCNONb30BaHNA MHOTOKOMMOHEHTHbIX, MHOFOCMONHbBIX, MHOTOYPOBHEBLIX MarepuanoB C 3ajaHHbIM Habopom
CBOWCTB,  OTMMYAOLWNXCA  CTPYKTYPHOW M (OYHKUMOHANbHOW  OpraHu3auuen  And  nonyyvyeHus
BbICOKO3(D(hEKTUBHBIX CTPOUTESBHBIX KOMMNO3UTOB. Heo6x0aumMo ncnonb3oBaTe MaTtepmansl, CXOXMe no gasam
N CTPYKTYPE C IMMHUCTBIM CbIpbEM, TaKMe Kak BEPMUKYNUT. [3—4].

Llenbto gaHHoM paboTbl ABMSETCS MOBbIEHNE 3PQEKTUBHOCTM CTEHOBLIX MaTepuarnoB U COo3faHue
KepamMn4ecKknx KOMMO3UTOB, MyTEM BBEAEHUS B KepaMuyeckyld maccy JobaBok BepMuKynuta. OTOT npuem
no3BonsieT nonyyatb Kak adeKkTnBHbIE CTEHOBbIE MaTepuarbl, Tak U TEXHONOIMMYHbIE NErKOBECHbIE U3denus
ONsl BBICOKOTEMNEPAaTYPHOW U30NALMN.

MeTtoauka

MpuvBegoeHbl  BuMAblI UM XapaKTEPUCTMKM  MPUMEHSIEMbIX  MaTepuanoB, OMuCaHbl  MeToabl
3KCMepuMMeHTanbHbIX MccnenoBaHui. MccneqoBaHust BbINOSMIHEHbI HA FMHAX M BEPMUKYNUTAX HECKOIbKMX
MecTopoXaeHui. bbinv npoBegeHbl crnegywwue uccnegoBaHus: POA un xumumyeckun aHanu3  (Ha
peHTreHoBckoM gudppaktomeTpe [O8-ADVANCE (cpmpma Bruker) n peHTreHonyopecLueHTHOM CnekTpoMeTpe
Ons  aHanmsa anemeHTHoro coctaa ARL OPTIM, X, «kamnaHus «TepmoTexHoy, LlBenuapus).
TennoTeXHNYECKME NCCNEeNOBaHUS BCMyYMBaHUSA BEPMUKYNMTa MPOBOAMIUCL B TpyO4yaTon KBapLEBOW neyu
npu pasnuyHbix Temnepartypax - 950, 1000 n 1050°C. lNMpouecc dukcupoBana oTokamepa ¢ YaCcTOTON CbEMKMU
3 kagpl/c.

ViccnegoBaHns MpoBOOUIIUCL B COOTBETCTBUM C HOPMaTUBHBIMW [OKYMEHTaMU Ha CTaHOApPTHOM
obopyaoBaHuu.

BnusHue goGaBku BCNyYEHHOrO BEPMUKYNMWTaA Ha Kepamu4Yeckyld MacCy HYXHO pacueHuBaTb C ABYX
TOYeK 3peHus: 6In3oK Ny OH NO COCTaBy U CTPYKType OCHOBHOMY Martepuany cucTembl n 6ygeT iy CTonb xe
HaEXHbIM 3NIEMEHTOM CTPYKTYpbl Yepenka. [13-16].

HecMoTps Ha MHOrME NONOXUTENbHbIE CBOMCTBA BEPMUKYNNTA, OH HE HAaXO4UT LUMPOKOTO NPUMEHEHUS B
CTpOUTENbHBIX MaTtepuanax nu n3genusix No ABym npuynHam — cnabasa agresvs rnagkux noBepXHOCTEN 3epeH
BEPMUKYNNTA, B OCHOBHOM, K LIEMEHTHbIM CBA3YIOLLMM U HU3Kast MexaHnyeckas MpoYHOCTb - XPYNKOCTb 3epeH
BEPMUKYNUTa BCNeacTBME criabow CBA3M Mexay OTAEeNbHbIMW €ro nrnacTuHkamu. [5-7].

Ons co3gaHns [ONrOBEYHOrO KOHTaKTa Mexay oneMeHTamMy KOoMno3uta HeobxoauMMo co3paTtbh
YCTOMYMBYIO CBA3b B KOHTaKTHOM 30He. COOTBETCTBEHHO KOHTaKTHas 30Ha [O/KHA WMMETb CPOACTBO MO
OCHOBHbIM CBOWCTBaM M OOLUHOCTM FEHETMYECKOrO MPOUCXOXAOEHUS C MaTpulen OCHOBHOIO MaTepuana
KkoMnoswuTa.

OKcnepuMeHT

[na pelweHns nocTaBneHHbIX 3agay uccnegoBany XMMUYECKUA U MUHEPANOrMYecKUin CoCTaBbl TWMH U
BEPMUKYNUTOB pasHbiX MecTopoxaeHun Poccum un 3apybexba. XMMUYECKM COCTaB MNPUMEHSAEMbIX B
nccrnegoBaHUM MaTepmanos nNpuseaeH B Tabn. 1.

Tabnuya 1. Xumu4eckue cocmasbl Cbipbe8bIX Mamepuarnos

Q ccf 6 @] O Q\I e) Q @] C
FIHBI UQ) = & 2 S g N E = E
o KybekoBckas 58,09 | 16,82 11,92 3,09 6,25 1,44 2,39 - - -
=
g Kantatckass | 57,40 | 2841 | 758 | 0,75 | 128 | 033 | 185 2,39 - -
8 BepMUKynuTbI
g KpacHosipcku 40,29- | 10,48- | 11,0- | 17,94- | 1,29- 0,60- 3,99- 0,466| 0,467 | 7,3-8,3
O | 1 Kpan 40,42 10,92 14,47 | 22,28 1,35 1,0 4,08
= (TaTapckoe)
NHous 45,24 | 14,67 16,88 8,40 1,67 1,76 3,77 0,8 - 5,94
Kutan 41,0 16,38 16,58 | 10,82 2,26 0,47 5,35 - - 6,68
AxkyTus 36,08 | 11,53 5,29 19,16 1,54 0,2 0,2 0,25 - 20,82
(MHarnuHck
oe)




B uccnepoBaHnsax Ucnonb30Banuchb MMuHbI Pa3NNYHbIX MeCTOpO)KLleHVIVI — B TOM 4ucne nerkonnaBkasa rmuHa —

KybekoBckoro mectopoxaeHusi (puc.1a) n tyronnaekas — Kantatckoro KpacHosipckoro kpas (puc. 16).
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Puc. 1 MukpocTpyKkTypa rimHbl: a - Kybekosckoro mectopoxaeHusi; 6 - KaHTaTckoro MectTopoXaeHus

MuHepanorusi rmuHbl  KybGekoBCKOro MeCTOPOXAEHUsI MnpeacTaBfieHa OCHOBHOM — CReAyoLuMm
MUHepanamu — KBapuem, MOHTMOPUIIFIOHUTOM, anbbMTOM, MYCKOBMTOM W MUKPOKIIMHOM, YTO OTPaXeHOo Ha
Andpakrorpamme (puc. 2), OTHOCSLLUMMUCS K INCTOBBLIM cunmkaTam, kak n 6notut K(Mg, Fe);[AlSisO0](OH, F), c

dnoronmtoM KMgs[AlSizO10](OH, F),, npogykTaMmu BTOPUYHBLIX U3MEHEHMWI KOTOPbIX ABMASIOTCA BEPMUKYNUTHI [31-
34].

A
A !
| j | s
il Moo [, B8 n” Y, . 2 WA W

I
i e
SR T”‘\r-""'\x_,ﬂﬁ‘- /\Jrl‘_’._ﬁ'_'_ilri_._{'__r_ e _,'r\_;“-

00

Pwuc. 2 Qudpaktorpamma rnvHbl Ky6ekoBCKOro MecTopoxaeHus

Takum o6pasom, 06e rpynnbl [UMHUCTLIX MWHEPanoB - BEPMUKYNUTbI W MOHTMOPUIINIOHUTbI,
npeacTaBneHbl MyWHepanamu OOHOro Krnacca, COCTOAT U3 pasdyxalowmx pelieToK, COAepXawmx Mo Tpu
aNeMeHTapHbIX crnosi. Takas TecHas CBsA3b BbI3bIBAET MNPEANOSIOKEHME, YTO [paHuua Mexagy STUMu
MUHepanamu B 3Ha4YUTENbHOW CTEMEHW MCKYcCTBEHHA [28]. Habniogaemas pasHuua B CBOMCTBAX MOXET ObITb
obycrnoBneHa nuwb pasnuyMemM B BENIMYMHE 3apsiaa Crosi.

Mpn mncnonb3oBaHMM BEPMUKYNMTA B KadyecTBe J00aBOK B KepaMM4Yeckyld maccy — crnabas apresus
rmagkmnx I'IOBerHOCTeI7I 3epeH BeEpMUKYInUTa KO MHOI'MM HeopraHU4eCKMmMm CBA3YHOLLNM YCTpaHAEeTCA, COornacHo
npasuny PebuHgepa, npMpogown 0CHOBHOIO 6a30BOro CKpennsoLero matepmana — riMHaHon maccon. [17-19].

OpavH 13 uccnegyemMbix BEPMUKYITUTOB - KOHLEHTPAT TaTtapCckoro MECTOPOXAEHUS OTHOCUTCS Mo hopme K
MarHMeBOMY BEPMUKYIUTY, B KOTOPOM HET ABYX HEnpepbIBHbIX CMOEB BOAbl, @ COAEPXaTbCA Pa3pO3HEHHbIE
dopmbl Mg(H»0) [29], oTnMyaeTcsa KpacHO-6ypbiM OTTEHKOM M3-3a MPUCYTCTBUS OKUCHOIO U 3aKMCHOTO Xeresa,
nocne obxura NnpuodpeTaeT CBET0-30JIOTUCTLIN LBET, MMEET KO3(hULMEHT BCny4YnBaHmsa 5-9 B 3aBMCUMOCTU
OT KPYMHOCTMW.

MuKpOCTpyKTYpa 4YacTuubl BCMYYEHHOrO BEPMMKYNUTA TaTapCKOro MeCTOPOXAEHUS MNpU pasfmyHbIX
yBENUYEHUsIX NpuBeaeHa Takke Ha puc. 3 u 4. NMoBepXHOCTb BEPMUKYNUTA NpPeAcTaBneHa KpynHbIMU rnagkumm
OLHOPOAHBLIMW MNACTUHYATLIMU YacTMLAMUN BbITSAHYTOM (POPMbI, HA UX BHELUHEN MOBEPXHOCTU HabntoaawTcs

6onee Mernkue 4acTuUbl C YETKUMU CKOMNbHLIMWU KOHTYpamu, a Takke y4acTKu Bbinykrnon cdopmbl 6e3 4éTkom
OrpaHKun KOHTYypa.



Puc.3 MyKpocTpyKTypa NOBEPXHOCTM YacTuLbl BEPMUKYNUTa TaTapckoro MecTopoXaeHus
a) Mo NNocKocTAM cnanHocTH, 6) NepneHaMKYNSPHO NIOCKOCTSIM CNanHOCTH

MexnakeTHble CBA3W B KpucTanne Haubonee cnabble, YTO U NPOSBASETCA B BeCbMa COBEPLUEHHON
CNanvHOCTW, T.e. CPaBHMTENbHO MErkon paclennaeMoCcT! KpucTamma No MEeXMaKeTHbIM MfIOCKOCTAM. JTH
MMOCKOCTN COBMaatoT C MIOCKOCTLI0O SIEMEHTAPHOM siYenkn kpuctanna. CnaiHOCTb COBEpLUEHHAs, YeLlynku
msArkve, rmbkme, Heynpyrue.

MogobHas aHM30TPONUSA CUM MEXATOMHBIX CBS3eW NPUBOAUT K CUNbHOW 3aBUCMMOCTU OT HanpaBfieHus B
Kpuctanmne mogyrnen ynpyrocTv, MPOYHOCTM MpWU PasnuyHbiX Buagax gedopmaunn, TBEPAOCTM M APYrnX
MeXaHNYECKMNX XapaKTePUCTUK.

OneMeHTHbIN COCTaB TOYEYHbIX CMEKTPOB YacTul TaTapCKoro BEPMUKYNMTa B MACCOBbIX M aTOMHbIX %
npeacrtaeneH B 1abn. 2. AHanua pesynbTaToB 3MEKTPOHHOW MMKPOCKOMUK, NMO3BOMSET NPeanonioXutb, YTo B
MEXCIOEBbIX NPOCTPAHCTBaX Ha MOBEPXHOCTHAX HaxXoAsTCs CHEpOnuTbl C BbICOKMM >KENe30COoAepKaHuEM,
HanMume KOTOPbIX BO3MOXHO MNPUMBOAWUT K CHWKEHUIO TeMnepaTtypbl OGXura Kepamudeckux W3Oernun, 4To
noaTBepXKAaeTCa pe3dynbTatamm afieMeHTHOro coctasa (Tabn.2).
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Pwuc. 4. MukpocTpyKTypa NnoBepxHOCTU obpasua YyacTuubl BEpMUKYNUTa TaTapckoro
MECTOPOXAEHUS: a — BO BTOPUYHBIX 3nekTpoHax; 6 — ¢ Mapkepamu cnektpos, x10000

Tabnuua 2
ONeMeHTHbIN COCTaB TOYEYHbIX CNEKTPOB
Spectrum OnemeHTHbIN cocTas cnekTpos B All results in weight%,
(6] Mg Al Si K Fe Total

Spectrum 1 33.65 4.16 3.55 5.40 0.81 52.42 100.00
Spectrum 2 33.03 3.46 3.42 4.93 0.75 54.42 100.00
Spectrum 3 46.63 11.22 5.13 14.72 2.59 19.72 100.00
Spectrum 4 30.63 2.07 2.52 3.18 0.65 60.96 100.00

Huskaa mexaHnuyeckass NPOYHOCTb 3epeH BEpMUKYnuUTa B GonbLuein cTeneHyn obycrnoeneHa ycrnoBusimMu
BCNy4nBaHus. Yem GbicTpee CKOpPOCTb MogbeMa TeMnepaTtypbl, TEM aKTUBHee NpoTekaeT BCnyyYnBaemocTb. [Mpu
MeAJIeHHOM HarpeBe 4acTb BOAbl B BUAEe napa BXOAWUT Yepes TpeLuMHbl CnaiHOCTW, He npoussoas paboTel Mo
BCMNy4uBaHuio, crnabo ysenuymBas paccTosiHue Mexay napannensHo uayLwymMmu nnacTuHamm.

BcnyynBaHue BepMUKYNMTa Bbi3bIBAETCSA CNEAYIOLUMMMN ABNIEHUSIMM:

1. YBenunyeHunem obbema 3akpbITbIX MWUKPO- M MaKpOMOMOCTEeN B KpucTanne chogpbl, 3anofiHEHHbIX
rmaBHbIM 06pa3om razoobpasHoN M NeHOYHOW BOAOKN (HM3KOTEMnepaTypHOe BCryyMBaHWE rmapaTUpOBaHHbIX
noronutos).

BAOJMb CNANHOCTKN, 06YCMNOBMEHHOM Pa3fNNYHbIM XMMU3MOM OTAENbHbIX CII0EB KpMcTanna, NpuBoAsiLLMM K
nx n3rnby (MexaHu3m GunnacTuH).



3. BbigeneHvem npu BbICOKMX TEMMepaTypax B 3aKpbiTble PACCIIOEHUS KOHCTUTYLIMOHHBIX TMAPOOKCMAOB
(MpeBpawaromnxcst 3aTeM B MOJSEKynbl BOAbI), Kak Hambonee cnabo cBsA3aHHbIX C PeLIeTKOW KpucTanna
(BbICOKOTEMMNEPATYPHOE BCMNYy4YMBaHME MYCKOBMTOB U (PrIOronmToB).

BcnyymBaHue npmBOOUT K PacCrOeHWM0 KpucTanmna Ha TOHKME, MepeMexuBalolimecs Mexgy cobon
obracTtu, YTO NPMBOANT K HAPYLUEHMSM KPYMHBLIX KPUCTANMOB U PE3KOMY YXYALUEHUIO X (PU3NYECKMX CBOWCTB.
CnowvcTtoe pacnpegeneHue 4actuy B CTPYKType NpmBoguT K 6onee BbICOKOW TENnonpoBOAHOCTU BAOSb CIIOEB,
HexXenu nornepexk.

Mpn aTomM HeobXoAUMO MNOCTOAHHO YYUTbIBaATb, YTO PSAAOM C BbICOKMMWU 3HAYEHUSMU  (PU3UKO-
MEeXaHUYECKNX XapaKTEPUCTUK B 3epHE BEPMUKYyNUTa CYLLECTBYIOT U HU3KME B 3aBUCUMOCTM OT U3MEHEHMS
OopueHTaumn KpucTanmna Ha AeBAHOCTO rpagycoB.

MpoBogunuce TennoTeXHUYECKMe UCCreLoBaHWs BCMy4MBaHWS BEPMUKYNUTa B TpybuaTon KBapueBOu
neun. Hanbonee HarnagHo 9TOT npouecc Habniwogaetca Ha 4vactuuax WHarnmuMHCKOro BepmuKynuTa.
CyLLiecTBEHHOE KOMMYECTBO 3€peH BEPMUKYNUTOBOW MOpoAbl MOCneAoBaTenbHO MOABEPranucb BO3OENCTBUIO
Bbicokon Temnepatypbl (950, 1000 n 1050°C). Becb npouecc dukcupoBana oTokamepa ¢ 4acTOTOM CbeMKM 3
kagp/c (puc. 5).

Puc. 5 BenyunBaHue 3epHa BepMuKynuTa npu Temnepatypax 950, 1000 n 1050°C cooTBETCTBEHHO.
BHu3y dpoTorpadun ykaszaHo Bpems

Kak BMOHO U3 pucyHka, mpu TemnepaType 950°C, NnacTUHKM CrOAbl €elle NOAAEpPXKMBalT CBOH
MAOCKOCTHYO (pOpMY, 4TO HECKONbKO YyBenuuuBaeT MPOYHOCTb WX CBSA3EN. YBenuuyeHne TemnepaTypbl
BCMYYMBAHUS, T.€ WMHTEHCUBHOCTW TEPMWYECKOro BO3AEWCTBUS, MPUMBOAMT K MOTepe MNfOCKOCTHOW ¢opMbl
NNacTMHOK BepMmukynuTa (kopobneHuto). B pesynbrate nnacTuHkn 4edopMupyroTcs, OTpbiBatoTCA No 6onbLuen
YacTu CBOeW Mrnowaan ¢ CoXxpaHeHWeM CBSA3el Ha BbIMYKMOCTSAX. Takon xapakrep BCNy4yuMBaHWSA, BO3MOXHO,
OOBACHUTDL TEM, YTO 3epHa BEPMUKYNMTa MMET HEOAMHAKOBYHO CTENEHb BEPMUKYNMTU3aLMN Ha OTOENbHbIX
yyacTkax, W, COOTBETCTBEHHO pPa3fW4YHYH CMNOCOGHOCTb K BCMyYMBaHWIO. OTOMY SBFIEHMIO, BO3MOXHO,
CNocobCTBYET M Hanmume BKITIOYEHUN, TaKMX Kak Ha pUCYHke 4.

PesynbTat

Ona nogaepXaHust OTHOCUTENBbHO BbICOKOW MEXaHWYEeCKOW NPOYHOCTM 3epeH BEPMUKYNMTa Heobxoammo
noabupatb pexvM BCNy4YMBaHWA M MaKCUManbHY0 TemnepaTtypy obxura Takum obpasom, YToObl coxpaHsnach
cdopma nNacTMHOK BepMUKynuTa, MpubnmkeHHass K MMOCKOCTHOW, W OTCYTCTBOBANO $IBHO BbIpaXKEHHOE
kopobneHue.

CrteneHb TENNIOBOIo paccnavBaHns Takke CBA3aHa C pa3aMepamy 4YacTul, — MenkmMe 4acTulbl, U3 KOTOPbIX
MexXCcrioeBasd BOAa MOXET ferko BblOENATbCH, HEe paccnamMBaloTCsl Tak WMHTEHCMBHO, KakK KpYMHble 3epHa,
MO3TOMY B KEpaMUYECKOW MaTpuue LenecoobpasHo NPUMEHEHHATb BCMYyYEHHbIN BEPMUKYIUT MENKUX pakumn,
BbIXO4 KOTOPbIX MpU BCMYYMBaHUWM 3HaAYMTENbHO 6onblie, MU OHM MO CTOMMOCTM pfeweBne. PesynbtaThbl
MCMNbITAHM NoKas3anu, 4YTo yBenuyeHue pasmepa dpakuunm NPUBOOAUT K CHWXKEHUIO MPOYHOCTM M3Oenui,
MOBBILLIEHNIO BOOOMOIMOLWEHNS, YTO OOBACHSAETCS, O4EeBMOHO, HWU3KOW MeXaHW4eCKOW MPOYHOCTbIO 3epeH
BEpMUKyNnuTa BcreacTBne cnabo CBA3WM Mexay OTAenbHbIMWA MNAacTMHKaMK, pacliennseMocTblo Mo
NNOCKOCTAM cnanHoctu. [20-21].

[ns NpuroToBneHnsa Kepammyeckom LWNXTbl UCMONb30Bancst BCMYYEHHbIV BEPMUKYIUT — KPACHOSPCKUIA U
KMTancKni - ¢ paamepom 3epeH 0,63 MM 1 meHee. BcnydeHHbIi BEpMUKYNUT A00aBMANN B LLUUXTY B KONMYecTBe



10, 20, 30, 40% no obbemy, MpMMeHSANnca MeTog nnactudeckoro copmoBaHus. PesynbTaTthl nccnegosaHui
npuBeneHbl B Tabn. 3.

Tabnuya 3 @u3uko-mexaHU4ecKue ceolicmea KepaMudecKux KOMno3uyul niacmu4yeckoz2o ¢hopmMosaHusi
¢ dobaskol 8Criy4eHHO20 8epMUKynuma

Ne CopgepxaHwve rmvH B KonuuectBo | CpeaHsisi | poyHocT | BogonornouweHn | TennonpBogHoC
3ame wmnxre, % macc nob6aBku NAOTHOCT b Npu e, % b, BT/M-°C
-ca KybekoBck | KaHTaTcka | BEPMUKYNUT b, KI/M> oxaTtuu,
as a a, % macc. MMa

1 100 - - 1610 9,4 11,9 0,580

2 90 10 - 1620 12,4 10,9 0,589

3 85 15 - 1630 13,0 10,7 0,640

4 80 20 - 1640 13,2 10,5 0,680

5 75 25 - 1650 14,0 10,3 0,700

6 67,5 225 10 1210 13,0 13,0 0,158

7 60,0 20,0 20 1090 7,8 23,6 0,135

8 52,5 17,5 30 990 5,8 31,7 0,128

9 45,0 15,0 40 650 3,9 40,8 0,110

AHanu3 nony4eHHbIX pe3ynbTaToB MOKasbiBaeT, YTO BBeAeHMe [00aBOK BCMYyYEHHOrO BEPMUKYNMTa B
LUMXTY NO3BONSAET:

- nony4nMTb 3PMEKTUBHBIA KEpaMUYECKMIA MaTepuarn OTHOCUTENbHO BbICOKOW MPOYHOCTU WU HU3KON
NMOTHOCTY;

- nonyyatb m3genusa 6onbluen NPOYHOCTM U YBEMNMYEHHOTO BOAOMOrNOWeEHUs ¢ JobaBKoW B LUMXTY
TYronnaeKOW MMUHbI;

- CHWXaTb TemnepaTtypy obxura AN LWKMXT Ha OCHOBE TYroMnaBKUX [fMH, BCNEACTBME MOBbLILEHHOMO
cofepxXaHusi OKCUAOB Xernesa B BepMUKynuTax; yxe npu Temnepatype 950 °C B komnosuuum obpasyeTcst
MynnmMToBas oa3a — OCHOBHOW CTPYKTYpPOOOpa3yoLLMi KOMNOHEHT KEPaMMYECKOro Yepernka.

vVE

Puc. 6 BHelwHui BuA kepamukn ¢ gobaskamy BCy4€HHOro BEPMUKYNNTa B pa3HOM COOTHOLLIEHWN B
CPaBHEHWW C KOHTPOIbHbLIM 06pa3LoMm

B gucnepcHol cucTeMe KepamMmM4yecKoW MacChbl MOBEPXHOCTHbIM 30Mb, BO3HUKAWLWMIA KaK MNpPOAYKT
nenTM3auumn BO4oON rmapoduibHOroO rMHUCTOro MaTepuana, NPOHUKAeT HE TONbKO B MEX3EPHOBbLIE MYCTOTHI,
HO M MeXay NnacTuHKamMy BCMYyYEHHOro BEPMUKYNUTa B npegenax 3epHa, YNpovHsAs KOMMO3ULmio 1 co3gaBast
CTPYKTYpY, KoTopas obecneunBaeT B3aMMOpacrnonoXeHne N COOTBETCTBYHLLYIO CBA3b €€ COCTaBHbIX YacTew.
OTO rapaHTUpyeT COBMECTHYH paboTy B 30HE KOHTAKTa COCTaBMAKOLNX SIEMEHTOB. [22—-25].

BBeaeHMe BbLICOKOrO NPOLEHTHOrO OTHOLLEHMS A0GaBKM BEPMUKYNMTa B LUMXTY MO3BOMSET MOMY4YUTb
NErkOBECHbIE M3Oenusl, UMeloLIMe 4YeTKMe reoMeTpuyeckMe pasmepbl (puc. 6), 4To OaeT BO3MOXHOCTb
MCMoNb30BaTh NX HE TOMbKO B Ka4ecTBe 3(PEKTMBHBIX CTEHOBLIX MaTepuanos, HO 1 MNOy4yaTb TEXHOMOIMMYHbIE
nsgenus Onst BbICOKOTEMMEPaTYpPHOW MW30MAUMM, B 3aBUCMMOCTM OT KONMyecTBa [006aBKM BCMYYEHHOro
BepMukynura. [1-6].

Takum obpa3om, kepamuyeckve maTepuanbl, OOHUM W3 3MEMEHTOB KOTOPLIX SIBMSETCS BEPMUKYIUT,
NOAYMHAITCS 3aKOHY CPOACTBA CTPYKTYP AN aHM30TPOMHbLIX MaTepuanoB [26, 27]. KoHTakTHas 30Ha yacTu
BEPMUKYNUTOB WMMEET CXOACTBO, ONM30CTb, a TOYHEE CPOACTBO MO OCHOBHbIM CBOWCTBaM M OBGLLHOCTM
reHeTU4eCKOoro MPOUCXOXOEHNS C KepaMUYeCKon MaTpulen MaTepumarna.




310 no3BonseT co3daTb [AOSNTOBEYHbIA KOHTAKT M BHYTPEHHIO YCTOMYMBYKO CBSA3b, MPU3BaHHYHO
obecneynTb onpeneneHHble PU3MKO-MexaHU4Yeckme 1 aKCnyaTaumoHHbIe TPEGOBAHUS K U3OEeNUsM.
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In an environment of building materials the person is up to 70-90% of the life, especially in climate
conditions of northern regions in connection with this, one of the major problems for scientists is the creation of
a comfortable habitat, the or optimization of the "person-material-inhabitancy" system [8-12].

Nowadays, bricks make up about 67% of all produced building materials. The demand for this specified
material in the market of building products speaks to its doubtless advantages: fire and ecological security,
water vapor permeabilitgl, and durability. However, the corpulent ceramic brick has essential lacks - rather high
density (the weight 1m” makes walls about 1600 kg) and heat conductivity. Such walls quite often possess
excessive strength which is not used. There are various methods. To lower density and heat conductivity - as
manufacturing of a brick with technological emptiness, burning out additives (coal, sawdust lignin, etc.), by
introducing clay, etc. [1-2].

For manufacture of capable production it is necessary to combine pecypcocbeperatowme "know-how" of
effective ceramics and decorative furnishings for the creation of the composite design of modern cities.
Therefore researches in this direction are of modern ceramics.

As clay is mainly polymineral, and, consequently, the high heterogeneity of mineralogical structure differs
not only in depth, but on the extent of a deposit, they are rather complex for modifying with objective reception
and qualitative. The present stage of progress of building materiology requires use of multicomponent,
multilayered, and multilevel materials with a determined set of the properties, and a differing structural and
functional organization for the reception of highly effective building composites. The most rational approach in
the creation of concrete of new generation is the modification of cement stone with additives, on a polymeric
basis and mineral. The majority of modifiers are not viable due to a specific character of the technology of high-
temperature ceramic roasting materials. It is necessary to use materials of similar mineralogy with clay raw
material, such as vermiculite. [3-4].

The Objective of this work is to increase the efficiency of materials and the creation of ceramic
composites, via the introduction of vermiculite additives in ceramic weight. This reception both effective
cTteHoBble materials, and technological superficial products for high-temperature isolation.

Influence of the additive of expanded vermiculite on ceramic weight needs to be considered from two
points of view. Despite the many positive properties of vermiculite, it does not find widespread use in building
materials and products for two reasons - weak adhesion to smooth surfaces of grains of vermiculite, basically, to
cement by binding and low mechanical strength - the fragility of grains of vermiculite owing to weak
communication between separate it records. [13-16].

To create a durable contact between the elements of the composite, must create a stable relationship in
the contact zone. Accordingly, the contact area should have an affinity for the basic properties and common
genetic origin with a matrix of the base material of the composite. [5-7].

For the tasks investigated chemical and mineralogical compositions of clays and vermiculites of different
deposits of Russia and abroad. Chemical comp used in the study of materials is given in table.1.

Table 1. Chemical compositions of raw materials

Field

Clay

o~ o S (@) o~ o
s 12 1% 18 % |% |9 |¢ |2 |3
n < L P O e N = = o
Chubakovskaya 58,09 | 16,82 11,92 3,09 6,25 1,44 2,39 - - -
Cantata 57,40 | 28,41 7,58 0,75 1,28 0,33 1,85 2,39 - -
Vermiculite
Krasnoyarsk 40,29 | 10,48- 11,0- | 17,94- | 1,29- 0,60- 3,99- 0,46-| 0,46- 7,30-
Tartarian -40,42 | 10,92 14,47 | 22,28 1,35 1,00 4,08 0,47 | 0,47 8,30
India 45,24 | 14,67 16,88 8,40 1,67 1,76 3,77 0,80 - 5,94
China 41,00 | 16,38 16,58 | 10,82 2,26 0,47 5,35 - - 6,68
Yakutia 36,08 | 11,53 5,29 19,16 1,54 0,20 0,20 0,25 - 20,82

The studies used different clay deposits — including fusible clay — Kabakovskie field (Fig.1A) and
refractory — Kotatkova (Fig. 1B).




Clay Mineralogy Kabakovskie deposits are represented mainly by the following minerals — quartz,
montmorillonite, albite, Muscovite and microcline, which is reflected in the diffraction pattern (Fig. 2), who are
clay minerals, and mica - montmorillonite and Muscovite, and biotite K(Mg, Fe);[AlSi;O0](F), phlogopite
KMg3[AlSizO40)(F),, the vermiculites are products of the second changes (as a result of weathering and
hydrolysis). [31-34].

The sheet silicates (with continuous layers of silica oxide tetrahedra)
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Figure 2.The diffraction pattern of the clay Deposit Kabakovskie

Thus, both groups of clay minerals, vermiculites and montmorillonites, are represented by minerals of one
class consist of swelling of the grids containing the three basic layers. The vermiculites always have a large
charge layer, and it is possible that the montmorillonites can turn into vermiculites by increasing the charge layer
[28]. This close relationship raises the assumption that the boundary between these minerals is largely atrtificial.
The observed difference in properties can be caused only by the difference in the magnitude of the charge
layer.

When using vermiculite as additives to the ceramic mass, the weak adhesion of the smooth surfaces of
grains of vermiculite to many inorganic binders is eliminated under Rehbinder’s rule, nature of bonding the main
base material - clay raw materials. [17-19].

One of the studied vermiculite concentrates of the Tatar Deposit is a different red-brown shade due to
the presence of oxide and ferrous iron which, after firing, becomes a light golden color, and has a coefficient of
expansion 5-9 depending on size.

The microstructure of particles of exfoliated vermiculite in the Tartar deposits is shown at different
maghnifications in Fig. 3 and 4. The surface of the vermiculite presents large smooth plate-like particles of
elongated form, which on their outer surface have been observed in smaller particles with a clear solnymi
contours and sections of convex shape without a clear-cut contour.



Figure 3. Surface Microstructure of the particles of vermiculite Tartar deposits a) on the planes of
cleavage; b) perpendicular to the planes of cleavage

Interpackage connection in the crystal is weak, which is manifested in a very perfect cleavage, i.e.
relatively easy assalaamo crystal for interpackage planes. These planes coincide with the plane of the unit cell
of the crystal. Cleavage is perfect, the scales are soft, flexible, and inelastic.

The consequence of this anisotropy of the strength of interatomic bonds is the ability to distend and split
into thin plane-parallel plates of substantial area, i.e., the pronounced anisotropy of mechanical properties,
which leads to a strong dependence on the direction in the crystal elastic modulus, strength under various types
of deformation, hardness and other mechanical properties.

Vermiculite Tartar deposits relates to the magnesium vermiculite. In the magnesium no two continuous
layers of water form, and they contain disparate forms of Mg(H,O) [29].

The elemental composition of the point spectra of particles of Tatar vermiculite in mass and atomic % are
presented in table. 2. Analysis of the results of electron microscopy, suggests that in the interlayer spaces on
the surfaces of the spherulites are high zhelezosoderzhashchie, which possibly leads to a decrease in the firing
temperature of ceramic products, as evidenced by the results of the elemental composition (table.2).
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Figure 4. Microstructure of the sample surface of the vermiculite particle of the Tatar deposit: a - in
secondary electrons; b - with markers of spectra, x10000
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Table 2. Elemental composition of point spectra

Spectrum The elemental composition of the spectra in All results in weight%,

(@) Mg Al Si K Fe Total
Spectrum 1 33.65 4.16 3.55 5.40 0.81 52.42 100.00
Spectrum 2 33.03 3.46 3.42 4.93 0.75 54.42 100.00
Spectrum 3 46.63 11.22 5.13 14.72 2.59 19.72 100.00
Spectrum 4 30.63 2.07 252 3.18 0.65 60.96 100.00

The low mechanical strength of vermiculite grains is largely due to the conditions of swelling. The faster
the rate of temperature rise, the more active intumescence develops. With slow heating, some of the water in
the form of steam enters through the cleavage cracks, without performing work on swelling, slightly increasing
the distance between parallel plates. Vermiculitis swelling is caused by the following phenomena: 1. Increased
volume of closed micro- and macro-cavities in a mica crystal filled mainly with gaseous and film water (low-
temperature swelling of hydrated phlogopites).



Figure 5. Extrusion of the grain of vermiculite at temperatures of 950, 1000 and 1050 °C, respectively

At the bottom of the photo the time is indicated. As can be seen from the figure, at a temperature of
950 ° C, the mica plates still support their planar shape, which somewhat increases the strength of their bonds.
An increase in the swelling temperature, i.e., the intensity of the thermal action, leads to the loss of the planar
shape of the vermiculite plates (buckling). As a result, the plates are deformed, tear off the majority of their area
with the preservation of bonds on the protuberances. This type of swelling may be explained by the fact that the
vermiculite grains have an unequal degree of vermiculization in individual areas, and, accordingly, a different
capacity for swelling. This phenomenon is probably facilitated by the presence of inclusions, such as in Figure 5.

Thus, in order to maintain a relatively high mechanical strength of the vermiculite grains, it is necessary to
select the swelling mode and the maximum temperature such that the shape of the vermiculite plates
approximating to the planar one remains, and there is no clearly expressed warping.

The degree of thermal stratification is also related to the particle size - small particles, of which interlayer
water can easily be separated, do not stratify as intensively as coarse grains, so it is advisable to use expanded
vermiculite of fine fractions in the ceramic matrix, cost cheaper. The results of the tests showed that increasing
the size of the fraction leads to a decrease in the strength of the articles, an increase in water absorption, which
is apparently due to the low mechanical strength of the vermiculite grains due to the weak bond between the
individual plates, the cleavage along the cleavage planes. [20-21].

For the preparation of ceramic charge was used expanded vermiculite - Tatar and Chinese - with a grain
size of 0.63 mm or less. Expanded vermiculite was added to the charge in an amount of 10, 20, 30, 40% by
volume, a method of plastic molding was used. The results of the studies are given in table. 3.

Table 3. Physical and mechanical properties of ceramic compositions of plastic molding with the addition
of expanded vermiculite

No. | Content of clays in Amount of Average Compressive Water Thermal
of the charge, mass% admixture of density, strength, MPa absorption,% conductivity,

batch vermiculite,% w. kg / m? W/m°C
100 - - 1610 9,4 11,9 0,580
2 90 10 - 1620 12,4 10,9 0,589
3 85 15 - 1630 13,0 10,7 0,640
4 80 20 - 1640 13,2 10,5 0,680
5 75 25 - 1650 14,0 10,3 0,700
6 67,5 22,5 10 1210 13,0 13,0 0,158
7 60,0 20,0 20 1090 7.8 23,6 0,135
8 52,5 17,5 30 990 5,8 31,7 0,128
9 45,0 15,0 40 650 3,9 40,8 0,110




The analysis of the obtained results shows that the introduction of additives of expanded vermiculite into
the charge allows:- to obtain an effective ceramic material of relatively high strength and low density; - to obtain
products of greater strength and increased water absorption with the addition of refractory clay to the charge; -
reduce the burning temperature for charge based on refractory clays, due to the increased content of iron
oxides in vermiculites; already at a temperature of 950 °C, the mullite phase is formed in the composition, the
main structure-forming component of the ceramic shard.

Figure 6. The appearance of ceramics with additives of expanded vermiculite in different ratios in
comparison with the control sample

In a dispersed system of ceramic mass, the surface sol, arising as a product of water peptization with
hydrophilic clay material, penetrates not only into the intergranular voids, but also between the plates of
expanded vermiculite within the grain, Strengthening the composition and creating a structure that ensures the
mutual position and the corresponding connection of its constituent parts. This ensures the joint work in the
contact area of the constituent elements. [22—-25].

The introduction of a high percentage of the vermiculite additive into the charge makes it possible to
obtain lightweight products having clear geometric dimensions (Figure 6), which makes it possible to use them
not only as effective wall materials, but also to obtain process products for high-temperature insulation,
depending on the amount of the additive of expanded vermiculite. [1-7].

Thus, ceramic materials, one of the elements of which is vermiculite, obey the law of affinity of structures
for anisotropic materials [26, 27]. The contact zone of vermiculite particles has a similarity, proximity, or rather
an affinity for the basic properties and commonality of the genetic origin with the ceramic matrix of the material.
This makes it possible to create a long-lasting contact and an internal stable connection, designed to provide
certain physical, mechanical and operational requirements for the products.
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