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AHHOTALUSA

B oannom uccneoosanuu npusedenst pezyniomamol u3UKO-XUMUYECKUX MENMOO08 AHANU3A CIMPYKIYPbL U CBOUCIE 0OHOKOMIOHEHIMHO
YeMeHMHO-CUNUKAMHOL KPACKU, MOOUDUYUPOBAHHOU 00OABKOU XPUIOMULOBbIX HAHOBOJIOKOH HA OCHO8E MeXHO2eHHbIX 0mx0008 bajicenos-
CK020 MecmopodcoeHust xpuzomuia 7 copma. Ochognast yeib 0006aeieHusi 60J10KOH 8 COCMAG KPACKU C60OUMCSL K NOGLIUUEHUIO TEPMOCMOL-
KOCMU U MPewuHOCMOUKOCIU HAHOCUMO20 NOKPbIMUSL HA NOBEPXHOCHb UCKYCCIMBEHHBIX KAMEHHbIX MAMEPUANO8 HA CUTUKAMHOU OCHOGE.
C ucnonvzosanuem ougpepenyuanrpHo-mepmuteckoeo anaiu3a NOKA3aHo, Ymo Xpusomuiogsie 60J10KHA NOGLIUAIOM MEPMOCMOUKOCMb ye-
MeHmHo-cunuxkamuou Kkpacku 0o 600°C, umo npedonpedensemcs memMnepamypou 0ecmpyKyuy 6Cie0Cmeaue 0ecudpamayuil Xpuzomuioeulx
6010KOH npu Hazpeganuu. [lpu ananuze MUuKpocmpykmypol 3ameepoesuieli KpacKk ¢ NPUMEHEHUEM IHEP20-OUCNEePCUOHHO20 AHANU3A NOKA-
3AHO, YMO BCICOCMBUE XUMUYECKO20 CPOOCHBA BOIOKOH C YEMEHMHO-CUIUKAMHOU MAMpUyell Ha Mec@asHoll NOGEPXHOCIU 80I0KOH (op-
MUPYIOMCsL amop@uvle u Kpucmaniudeckue ¢asol, obecnevusaioujue apmMuposanue YyemeHmHo-CUIUKamuol Mampuysl, KOmopule, /55
00HOBPEMEHHO YeHMPAMU KPUCMALIU3AYUL, 00eCneyusalom co30anue eOuH020 KOH2IOMEPama, Komopblil NOGbLULAEM MPEWUHOCIOUKOCHb
nokpeimusi. B npoyecce sxeniyamayuu oocmueaemcs 00HoO8peMmeHHOe YayduieHue COUCME YeMeHMHO -CUNUKAMHOU KPACKU 3d CHem npo-
doicarowetics 2uopamayuu MUHEpPaio8 NOPMIAHOYEMEHma, Ymo obecneyugaem YniomHeHue u aoee3uto Kpacku K OKpauueaemoil nogepx-
HOCmu. Dmo no3eosiem npumMeHsims ee 8 OOUUPHOM UHMEPEaLe meMnepamyp 6e3 weayueHus,, mpeuuHooopa308aHusi U 6blOeIeHUsL Hedice-
JamenbHbIX 2a3000paszublx npooykmos. UK-cnekmpanvhblii nokaszan, ymo nogepxXHOCHb YeMEeHMHO-CUTUKAMHOU KPACKU OONOIHUMENbHO
noogepeaemcs KapooHusayuy noo 8030elicmeueM 61a2u U yeaeKUcio2o eaza OKpyxcauell cpeosl, Ymo nosviuaenm 6000CmMoUKocmy 1 00J-
206eunocms nokpvimust. Qopmuposanue 6 npoyecce meepoeHuss NOPUCMOU CIMPYKMYPbl YeMEHMHO-CUTUKAMHOU KPACKU obecneyugaem
napo- u Maccoobmen, npedomsepaujas OecmpyKyuio NOKpblmusl 8 Rpoyecce IKCIYAmayuu.
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ABSTRACT

This study presents the results of physicochemical methods of analysis of structure and properties of one-component cement-silicate
paint modified by the addition of chrysotile nanofibers on the basis of technogenic wastes of Bazhenov chrysotile 7 grade. The main pur-
pose of adding fibers to the paint composition is to increase the heat resistance and crack resistance of the applied coating on the surface
of silicate-based artificial stone materials. Using differential-thermal analysis it is shown that chrysotile fibers increase the thermal re-
sistance of cement-silicate paint up to 600°C, which is predetermined by the temperature of destruction due to dehydration of chrysotile
fibers during heating. When analyzing the microstructure of cured paint using energy-dispersion analysis it is shown that due to chemical
affinity of fibers with cement-silicate matrix on the interfacial surface of fibers the formation of amorphous and crystalline phases provid-
ing reinforcement of cement-silicate matrix is provided, which, being simultaneously the centers of crystallization, provide the creation of a
single conglomerate, which increases the crack resistance of coating on the basis of cement-silicate paint. During operation, simultaneous
improvement of properties of cement-silicate paint is achieved due to continued hydration of Portland cement minerals, which provides
compaction and adhesion of paint to the painted surface. This allows its application in an extensive temperature range without flaking,
cracking and release of undesirable gaseous products. IR-spectral showed that the surface of cement-silicate paint additionally undergoes
carbonization under the influence of moisture and carbon dioxide in the environment, which increases the water resistance and durability
of the coating. Formation of porous structure of cement-silicate paint in the process of hardening provides vapor and mass exchange, pre-
venting the destruction of the coating in the process of operation.

KEY WORDS: cement silicate paint, heat resistance, crack resistance, sodium hydrosilicate, sodium phosphate, microstructure, en-
ergy dispersive analysis.
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BBEJEHUE

B Hacrosimee BpeMsi MCHOJNB3YIOT TEXHOJIOTHH M COCTABHI,
MPEUMYIIECTBEHHO Ha OCHOBE BOJHBIX 3MyJ'II:-CPII>i AKPUIIOBBIX
noiauMepos. [loaxon MMeeT onpeneneHHy0 CTETIeHb TEXHOIO-
TMYHOCTH, O/IHAKO HU3KHE Macco- U ITapOIPOHUIIAEMOCTh (MeHee
150 r/M?-CyT) IOKPBITUS IPUBOJAT K €r0 OTCIOEHHUIO OT OCHOBA-
HU (B TedeHHe 3-5 JeT rmocie HaHeCEeH!sT), YTO CHIYKAET JIOJro-
BEYHOCTH NMOKPHITHA [ 1]. BenencTBue Bo3aeHCTBISI Ha OKpAIICH-
HYIO TIOBEPXHOCTb COJTHEYHOH Pajnalny, MPOUCXOIUT ACCTPYK-
U osiuMepHoro ceszyrouero [2,3]. [Ipu oxpamyBaHuu MuHe-
palbHBIX IOBEPXHOCTEH (CHIIMKATHBIE KOMIIO3MIMH, OETOHBI,
pacTBOpPHI, KEPAMHUYECKUI W CHIIMKATHBIA KUPIIWY) TPAIUIIAOH-
HBIMH COCTaBaMH Ha MOJMMEPHON OCHOBE, BOSHUKAIOT AE(EKTHI
B BHJE TpeumHooOpa3zoBaHus u menymeHus. [logoOHble me-
(exTsl 00yCIOBIIEHB! 3HAUYUTEIBHOM, HHOTJa JaXke ABYKPATHOM
pasHHUIEH B KOX(QQHUIHEHTaX IMHEHHOTO pacmupeHus [4].
Kpome Toro, sMyIbCHOHHBIE KPACKH HIMEIOT HU3KYIO TEPMOCTOM-
KOCTb, He TpeBbimarontyo 250 - 300 °C, 9yTo ucKiIo4yaeT ux uc-
MI0JIb30BAaHKE NIPU OKPACKE FOPSYHX IIOBEPXHOCTEH C TeMIIepary-
pamu 10 600 - 700 °C. B kauecTBe abTepHATUBBI MTPEIJIaraloTCs
(bacasHBIC KPaCKH Ha OCHOBE KAJMEBOTO YKHJIKOTO CTEKJIA U OK-
cyjia uHKa [5, 6], KOTOphIe HE UMEIOT HEJOCTAaTKOB, IPUCYIITHX
BOJIOOMYJIECHOHHBIM ITOKPBITHSIM, OJTHAKO IIPH UX N3TOTOBJICHUN
UCIIONIB3YETCS OKCUJI IIMHKA U JKUJIKOE KaJMeBOE CTEKJIO, KOTO-
pBIE SBIAIOTCS TOPOTOCTOSIIMMHI KOMIIOHEHTaMu. Taknum oOpa-
30M, 9KOHOMHYecKast 3P HEKTHBHOCTh U IOATOBEYHOCTH HCIIOIb-
3YIOIIUXCSI B HACTOSIIEE BPEMsI COCTABOB SIBIISIETCSI HEYJIOBJIE-
TBOPUTEJIBHOM.

Pemennem 3aqaun 1o oOecrieueHnIo JTOIrOBEYHOCTH U TEp-
MOCTOHKOCTH OKPAaCOYHBIX COCTAaBOB SIBIISIETCSI MCIIOJIB30BAHHE
HEOPraHUYECKUX ITOKPBITUI HAa CUJIMKATHOM OCHOBE C TOHKOZMC-
MIEPCHBIMU BOJIOKHUCTBIMH 100aBKaMH HPUPOJTHOTO MPOHCXOXK-
JICHU S, TOBBIIIAIOIIMMY TPEIIMHOCTONKOCTh U TEPMOCTONKOCTD,
a TaKKe MMEIOIINMH XHMUYECKOe CPOJCTBO C MUHEPAIbHBIMU
BSOKYIIMMHM M MaTepHaJlaMH Ha X ocHOBe. [IpiuMeneHue moao0-
HBIX MOKPBITHH MO3BOISIET (POPMHUPOBATH APMUPOBAHHYIO MTOPH-
30BaHHYIO CTPYKTYpY, CIIOCOOCTBYIONIYIO TOBBIILICHHIO TPEIIH-
HOCTOMKOCTH, TEPMOCTOMKOCTH M O0ECIEYHMBAIOIIYIO Hapo- U
MaccoOMeH OKpaImnBaeMol MmoBepxXHOCTH. [loBBIIeHHas mapo-
MIPOHUIIAEMOCTb JIAHHBIX COCTaBOB CIIOCOOCTBYET OBICTPOMY BbI-
CBIXaHHIO KPAacKH, MPEIOTBpAIaeT Pa3BUTHUE HA MOBEPXHOCTHU
MHUKpPOOPTraHU3MOB, TuteceHd. OHAaKO HCIONIb30BaHHE B Kade-
CTBE OCHOBHOI'0 KOMITOHEHTA )KH/IKOT'O KAJIMEBOT'0 CTEKJIa 3HAYH-
TEJIHO CY’KaeT 00JacTh NPUMEHEHUS, TaK KaK JaHHBIH KOMIIO-
HEHT SIBJISIETCS IOPOTOCTOSIIIHM.

ITosToMy akTyanbHa pa3paboTKa MOKPBHITHH HA OCHOBE Ooitee
JIEIIEeBOr0 PacTBOPUMOI'0 HaTpUEBOro cTekia [7, 6], CTOMMOCTb
KOTOPOTO B 2,5-3 paza HIXKeE, IS KOATYJISIIANA KOTOPOTO UCTIONb-
3yeTcsl MOPTJIAH/IIEMEHT, OJJHOBPEMEHHO ITOBBIIIAIONINN BOJIO-
CTOMKOCTh M JIOJTOBEYHOCTh Kpacku. [Ipeanaraercst ucrnonb3o-
BaTh HapaOOTKH C CO3JaHUEM IIEMEHTHO-CHINKATHOM KPacKu C
HCIIOJIB30BaAaHUECM I[ByXKOMHOHeHTHOﬁ CMCCH, BKJ'IIO‘IaIOHIeﬁ
pacTBOPUMOE HATPUEBOE CTEKIIO U MOPTIAHALEMEHT C 3aMEIITH-
TeJIEM KOaryJIsaluHi Ha OCHOBE pacTBopa ¢ocdara Hatpus. [Ipu
3TOM C IIETbIO CO3/IaHUsI OJHOKOMIIOHEHTHOW KOMITO3HIIUH BME-
CTO pacTBOpa HJKOr0 HaTPHEBOro crekia [9] Oyner ucroib3o-
BaH CyXOﬁ IMOPOMIOK TUAPOCUITIMKATA HATPpHUA, a I IMPUAAHUA
MOBBIIICHHON TPEMIMHOCTOMKOCTH M TEPMOCTOMKOCTH OyAeT
NPUMEHEH MaJIOBOCTPEOOBaHHBIA B NMPOMBIIUIEHHOCTH XPHU30-
tun 7 copra [10]. Ilpeamomaraercs, 94To MOTUPHUIHPYIOIIAS
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INTRODUCTION

Currently, technologies and compositions are used,
mainly based on aqueous emulsions of acrylic polymers.
The approach has a certain degree of manufacturability,
but the low mass and vapor permeability (less than 150
g/m2-day) of the coating leads to its delamination from
the base (within 3-5 years after application), which re-
duces the durability of the coating [1]. Due to the impact
of solar radiation on the painted surface, the polymer
binder degrades [2,3]. When painting mineral surfaces
(silicate compositions, concrete, mortars, ceramic and sil-
icate bricks) with traditional polymer-based composi-
tions, defects in the form of cracking and peeling occur.
Such defects are caused by a significant, sometimes even
twofold difference in the coefficients of linear expansion
[4]. In addition, emulsion paints have low temperature re-
sistance, not exceeding 250 - 300 °C, which excludes their
use in painting hot surfaces with temperatures up to 600 -
700 °C. As an alternative, facade paints based on potas-
sium liquid glass and zinc oxide [5, 6] are offered, which
do not have the disadvantages inherent in water emulsion
coatings, but in their manufacture zinc oxide and liquid
potassium glass are used, which are expensive compo-
nents. Thus, the economic efficiency and durability of the
currently used compositions are unsatisfactory.

The solution to the problem of ensuring durability and
heat resistance of paint compositions is the use of inor-
ganic coatings on silicate base with fine fiber additives of
natural origin, increasing crack resistance and heat re-
sistance, as well as having chemical affinity with mineral
binders and materials based on them. The use of such coat-
ings allows to form a reinforced porous structure, contrib-
uting to the increase of crack resistance, heat resistance
and providing vapor and mass exchange of the painted
surface. Increased vapor permeability of these composi-
tions promotes quick drying of paint, prevents the devel-
opment of microorganisms and mold on the surface. How-
ever, the use of liquid potassium glass as the main com-
ponent significantly narrows the area of application, as
this component is expensive.

Therefore, it is relevant to develop coatings based on
cheaper soluble sodium glass [7, 6], the cost of which is
2.5-3 times lower, for the coagulation of which Portland
cement is used, simultaneously increasing the water re-
sistance and durability of the paint. It is proposed to use
the developments with the creation of cement-silicate
paint using a two-component mixture including soluble
sodium glass and portland cement with a coagulation re-
tarder based on sodium phosphate solution. In this case, in
order to create a one-component composition instead of
the solution of liquid sodium glass [9] dry powder of so-
dium hydrosilicate will be used, and to give increased
crack resistance and heat resistance will be used low-de-
mand in the industry chrysotile 7 grade [10]. It is assumed
that the modifying additive based on chrysotile will pro-
vide the possibility of operation of cement-silicate paint at
temperatures on hot surfaces up to 600 °C without peeling
and swelling of the coating [11, 12], in the absence of ther-
mal degradation with the release of gaseous products that
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J00aBKa Ha OCHOBE XPH30THIIa 00ECIIEYUT BO3MOKHOCTD pabOTHI
[[EMEHTHO-CHJINKAaTHON KPacKu IMpH TeMIIepaTypax Ha TOpsSuux
noBepxHOCTSX 710 600 °C 6e3 OTCIIOCHNUS U BCITYYHBaHUS MTOKPHI-
Tus [11, 12], npu oTCYTCTBUM TEPMHUECKOH AECTPYKLUU C BbI-
JIETICHNEM T'a3000pa3HbIX MIPOAYKTOB, 3aTrPSI3HAIOIINX OKPYKako-
niee MPOCTPAaHCTBO. ba3oBbI COCTaB 3alaTEHTOBAHHOM IBYyX-
KOMIIOHEHTHOM 1IEMEHTHO-CHIIMKAaTHOM KPACKH, IPUMEHSAETCA B
HACTOsIEee BpeMsl MPH OTIENKE 30aHUN M COOPYKEHHH B T.
WNxeBcke, a takke xonmuarom «CMB-rpynm» B pecmyOnnke
Eruner, r. Kaup.

2. MaTtepuaJjibl 1 MeTOABI MCCIIeI0BAHUI

OmHAM W3 OCHOBHBIX KOMIIOHEHTOB KOMITO3WITHH SIBIISICTCS
CYXO#l MOpPOIIOK TMAPaTUPOBAHHOTO CHJIMKATa HATPHUs KOMIIa-
Hun OOO «Jlafican», BBIMYLICHHBIM B COOTBETCTBUU ¢ TY
20.13.62-060-00883732-2019, orBewarommii TpedoBaHusM TY
20.13.62-001-06051139-2020. CuiukaTHBI MOIYJb NMPOIYKTa
BappupyeTcs oT 2,8 1o 3,4. MaccoBast 10JIsT KOMIIOHEHTOB, CO-
[JIaCHO MAaclopTy KauyecTBa, COCTAaBJIAET AT OKCHUAA HaTpus
(Nax0) - 24,13% u nnoxcuna kpemuus (Si0») - 70,83% (puc. 1a).

B kauecTBe 0TBEpAMTEINS PACTBOPHMOTO CTEKJIAa B3aMEH Tpa-
JTUIMOHHOTO JOPOTOCTOSIIIET0 OKCHAA LWHKA HCIIOJIB30BANCS
oemprit mopTmanmnement 1B 1 500 10, u cooTBeTCTBYIOMHI
IF'OCT 965-89. IlopmnanauemeHT sBisieTcss 3()(GEKTUBHBIM
OTBEPAUTEIIEM KHUIKOTO CTEKNIA, T.K. PH IEePexXo/e KalbIus B
pacTBOp MPOUCXOIUT PAHHUI HAOOP MPOYHOCTHU 3a CUET 00pa3o-
BaHUS THUAPOCHWIMKATOB KAJIBIUS M KOATYJSALUH SKUAKOTO
cTekia. beicTphle KoaryJsius 1 OTBEPIKACHHE CHCTEMBI CBS3aHbI
TaKKe C BBICOKOH IMOIIIONIAIONIeH CIOCOOHOCTBIO YACTHIL Iie-
MeHTa, 00e3BOKHMBAIOIINX JKUAKOE cTekino. [ToaToMy cmech pac-
TBOPMMOT0 HATPHEBOTO CTEKJIA U MOPTIIaH/leMeHTa 0e3 UCIIONb-
30BaHMUS 3aMEUTUTENICH KOAryIIUN TEXHOJOTHUYECKH HEMpHU-
roJiHa BCieAcTBHE ObicTporo cxmarbiBanus [13]. s mpemot-
BpaIeHsi MTHOBEHHOTO TBEPACHUS CHCTEMbI BBOIWIICS 3aMel-
murens — docdar Hatpust NazPOs o 'OCT 201-76 B xosmye-
ctBe 4% oT Maccel nmoptiaanamneMenta. @ocdar HaTpust crocoo-
CTBYET BPEMCHHOW OJOKHPOBKE TUAPATALMHU MMOPTIAHAIIEMEHTA
3a c4éT 00pa3zoBaHMs TPYIHOPACTBOPUMOI oOoouku (ocdara
KaJbIUS Ha IOBEPXHOCTH YaCTHII IleMeHTa [ 14].

B xauecTBe yHKIMOHAIBHOHN 100aBKH B COCTaB LIEMEHTHO-
CHJINKAaTHON KPAaCKH UCIIOIB30BAIN XPH30THUIIOBBIE BOJIOKHA 6-7
copra, coorBerctByromme ['OCT 12871-2013 «Xpuzormi. 0O6-
IIME TEXHUYECKUE YCIOBHs» (pHC. 10).

PUCYHOK 1

MUKPOCTPYKTYPA:

a - THAPOCUINKATA HATPHSI
Na;0-3Si0:'5H:0,

0 - BOJIOKOH THIPOCHINKATA MATHUS
3Mg0-2Si0:-2H,0

Figure 1

Microstructure:

a - Sodium hydrosilicate
Na»0-3Si02'5H:0,

b - fibers of magnesium hydrosilicate
3Mg0-2Si0:-2H,0

pollute the surrounding space. The basic composition of
the patented two-component cement-silicate paint is cur-
rently used in the finishing of buildings and structures in
Izhevsk, as well as by the holding company "CMB-group"
in the Republic of Egypt, Cairo.

Materials and methods of research

One of the main components of the composition is dry
powder of hydrated sodium silicate of the company "Lai-
san" Ltd, produced in accordance with TU 20.13.62-060-
00883732-2019, meeting the requirements of TU
20.13.62-001-06051139-2020. The silicate modulus of
the product varies from 2.8 to 3.4. The mass fraction of
components, according to the quality data sheet, is for so-
dium oxide (NayO) - 24.13% and silicon dioxide (SiO,) -
70.83% (Fig. 1a).

As a hardener of soluble glass instead of traditional
expensive zinc oxide white Portland cement PCB 1 500
DO was used, and corresponding to GOST 965-89. Port-
land cement is an effective hardener of liquid glass, be-
cause at the transition of calcium into the solution there is
an early set of strength due to the formation of calcium
hydrosilicates and coagulation of liquid glass. Rapid co-
agulation and curing of the system are also related to the
high absorption capacity of cement particles dehydrating
liquid glass. Therefore, a mixture of soluble sodium glass
and Portland cement without the use of coagulation retard-
ers is technologically unsuitable due to rapid setting [13].
To prevent instantaneous hardening of the system, a re-
tarder was introduced - sodium phosphate Na3PO4 ac-
cording to GOST 201-76 in the amount of 4% of the Port-
land cement weight. Sodium phosphate contributes to
temporary blocking of Portland cement hydration due to
the formation of a hard-to-soluble calcium phosphate shell
on the surface of cement particles [14].

Chrysotile fibers of 6-7 grade corresponding to GOST
12871-2013 "Chrysotile. General technical conditions"
(Fig. 1b).
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BB1600p OCHOBHBIX KOMIIOHEHTOB CYXOif cCMecH (pacTBOpHMOE
HaTPHEBOE CTEKIIO, MOPTIAHALEMEHT, GocdaT HaTpus) MPOBO-
JIWJICSI HA OCHOBAHMH CIPABOYHBIX AaHHBIX [15]. OnTUManbHbli
COCTaB, UMEIOLIHNI HEOOXOIMMOE CLIETIIEHNE C MUHEPaJIbHOM I10-
BEPXHOCTBIO, BOJIOCTOMKOCTBIO M OTCYTCTBHEM MEJIEHUS BKIIIO-
gay Oenbiil mopTinanaueMeHT 50 T, ruapocuirkar Hatpus - 40 T,
MHUKPOKAJIBILHUT - 7 T, TAAPOKCH Kanus - 5 1, hocdar HaTpus - 25
T, XpU30THIOBOE BOJIOKHO - 5 T. CMech BceX KOMIIOHEHTOB Iepe-
THpanack B quckoBoM uctuparene MJ1-200 u 3aTBOpsiiach BOOM
¢ Temmeparypoit 20 °C.

JIiist OCTHIKEHHSI OAHOPOAHOCTH U JIOTIOJHUTEIHLHOTO PacTH-
paHus KPYIHBIX YaCTUL] PACTBOPUMOTI'O CTEKIIA H XPU3OTHIOBOTO
BOJIOKHA CyXasl CMeCh MPOITyCKalach depe3 JTUCKOBBIH HCTHpa-
tenb MJI-200, obecrieunBarOIIHi JUCTIEPTAIIUI0 COCTABIISIONUX
He Bbime 100 MxM. 3aTBOpeHHEe IPON3BOIMIOCH Booi mpu B/L]
otHomeHnu 0,64. CBexenpuroToBieHHas kpacka uepe3 20 Mu-
HYT IOCJIE€ IPUTOTOBIICHHUS HAHOCWIIACh Ha CTCKJITHHBIE ILIa-
CTHHKH ¢ noMonibio kpackoryinsra (DECO DKSG55K1 HVLP)
TosuHoi 150-200 MKM.

KomrutekcHble (QU3NKO-XUMHUYECKHE HCCIICIOBAHUS COCTa-
BOB OBIJIO TMPOBEAEHO C NMPHMEHEHHEM CIIEAYIOUIMX METOMIOB:
mddepeHnnanTbHO-CKaHUPYIOIIask KaIOPUMETPHSL Ha JIepUBaTO-
rpade TGA/DSC1 Starsystem npousBozactBa Mettler Toledo ot
60°C mo 1100°C co ckopoctsio 30°C/mun; UK-criekTpambHBIi
ananu3 Ha criektpomeTpe IRAffinity-1 npousBoacrea Shimadzu
B 06mactu gactot 400 — 4000 cm™.

HccnenoBanuss MUKPOCTPYKTYPBI BBINOJHSUINCH METOJIOM
CKaHUPYIOLLEH 3JIEKTPOHHOM MUKPOCKOIIUU U S3HEPTO-AUCIIEPCH-
OHHOW PEHTTEHOBCKOW CHEKTPOCKOIMY Ha CKaHUPYIOIIEM JJICK-
tponHOM Mukpockore Thermo Fisher Scientific Quattro S ¢ npu-
CTaBKOM 3HEPro-JUCHEPCHOHHONW PEHTTEHOBCKOH CIIEKTPOCKO-
mun EDAX Octane Elect Plus EDS System B LlenTpe koutek-
TUBHOTO N0/1630BaHus! «[I0BEPXHOCTH M HOBBIE MaTEpHAIIBI) TIPH
Yim®ULL YpO PAH.

AHanu3 MUKPOCTPYKTYPBI XPH30THUIIOBBIX BOJOKOH HPOBO-
JIWICST Ha CKaHMPYIOIIEM 3JIEKTPOHHOM MHKpockone MIRA3
TESCAN B TexuuueckoM yHuBepcutere I. bpao (Uexus)

3. PesynbTarsl u o0cyKIeHHE

3.1 Huppepenyuanvno-ckanupyrowas Kanopumempus
MOOUPUUUPOBAHHOI YEMEHMHO-CUNUKAMHOU KPACKU

Jlis peanu3anuy OJJHOKOMIOHEHTHOH I[€MEHTHO-CHIIMKAT-
HOM Kpacku ObUI IPUTOTOBJICH COCTaB Ha OCHOBE 0a30BOI0 JIBYX-
KOMIIOHEHTHOTO cocTaBa [16], B KOTOPOM KHIKOE HAaTPUEBOE
CTEKJIO 3aMEHAJIOCh CYXHUM IOPOIIKOM THAPOCHIINKATa HATPHUS.
J1st tocTHKEHUsT MOBBILIEHHONW TEPMOCTOMKOCTH M TPELIMHO-
CTOMKOCTH MCHOJIB30BAJIM XPU30THIIOBBIE BOJIOKHA 7 copTa C
mumHOM 110 200 MKM. YUHUTHIBast, 9TO XPU30TUIIOBBIC BOJIOKHA 00-
Jaal0T 3HAYNTEIILHOM TEPMOCTONKOCTBIO, OBLT TIPOBENIeH TU-
(hepeHnaITbHO-TEPMHUUECKIN aHaIi3 00pasiloB BOJIOKHA 7 copTa
C LIEJIBI0 YCTAHOBJICHUS TEMIIEPaTypPhl JETHIPATALMHA THAPOCH-
mukata maraus 3Mg0-2Si0,-2H,0.

Ha cnexrpe JICK xpu3zoTmimoBoro BojokHa (puc. 2a) oTMe-
YeHa He3HAYMTeNbHasi MOTeps] KPUCTAIUIN3AIMOHHON BOJBI ITPH
temnepatype 185 °C. DumpoTepmuueckuii 3dexT mpu Temmnepa-
Type 722 °C cBsi3aH ¢ Aeruaparanuei THAPOCUINKaTa MarHus 10
dopcrepura 2MgO-Si0; u Si0,. Dxk30TepMuUecKuii 3G dext mpu
temnepatype 830,5 °C cBsizaH ¢ KpUCTAUIM3alleld CHIIMKAaTa
Marausa. Takum obpa3zom, AETHapaTaIys BOJIOKOH XPHU30THIIA C
yAaJeHneM OCHOBHOTO 00bheMa BOBI HACTYTIACT IIPH TEMITePaTy-
pax cBbime 600 °C, crenoBaTenbHO, B COCTaBE [IEMEHTHO-CHITH-
KaTHOM KPacKW XPHU30THJI CIIOCOOEH padoTaTh MpH HArpEeBaHWU
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The choice of the main components of the dry mixture
(soluble sodium glass, Portland cement, sodium phos-
phate) was carried out on the basis of reference data [15].
The optimal composition, having the necessary adhesion
to the mineral surface, water resistance and lack of chalk-
ing included white Portland cement 50 g, sodium hydro-
silicate - 40 g, microcalcite - 7 g, potassium hydroxide - 5
g, sodium phosphate - 25 g, chrysotile fiber - 5 g. The
mixture of all the components was grinded in a disk eraser
ID-200 and mixed with water at a temperature of 20 °C.

To achieve homogeneity and additional rubbing of
large particles of soluble glass and chrysotile fiber, the dry
mixture was passed through a disk eraser ID-200, provid-
ing dispersion of components not exceeding 100 microns.
Sealing was carried out with water at B/C ratio 0.64.
Freshly prepared paint was applied to glass plates 20
minutes after preparation with a paint gun (DECO
DKSG55K1 HVLP) with a thickness of 150-200 microns.

Complex physicochemical studies of the compositions
were carried out using the following methods: differential
scanning calorimetry on a TGA/DSC1 Starsystem deri-
vatograph manufactured by Mettler Toledo from 60°C to
1100°C at a rate of 30°C/min; infrared spectral analysis
on an IRAffinity-1 spectrometer manufactured by Shi-
madzu in the frequency range of 400 - 4000 cm™.

Microstructure studies were performed by scanning
electron microscopy and energy-dispersive X-ray spec-
troscopy on a Thermo Fisher Scientific Quattro S scan-
ning electron microscope with the EDAX Octane Elect
Plus EDS System energy-dispersive X-ray spectroscopy
attachment at the Center for Collective Use "Surface and
New Materials" at the UdmFIC of the Ural RAS Depart-
ment.

Microstructure analysis of chrysotile fibers was per-
formed on a MIRA3 TESCAN scanning electron micro-
scope at the Technical University of Brno (Czech Repub-
lic)

3. Results and discussion

3.1 Differential scanning calorimetry of modified
cement-silicate paint

To realize a one-component cement-silicate paint, a
composition based on the basic two-component composi-
tion was prepared [16], in which liquid sodium glass was
replaced by dry sodium hydrosilicate powder. Chrysotile
fibers of grade 7 with lengths up to 200 um were used to
achieve increased heat and crack resistance. Considering
that chrysotile fibers have significant heat resistance, dif-
ferential thermal analysis of the samples of grade 7 fibers
was carried out to establish the dehydration temperature
of magnesium hydrosilicate 3MgO-2Si0,-2H,0.

The DSC spectrum of chrysotile fiber (Fig. 2a) shows
a slight loss of crystallization water at a temperature of
185 °C. The endothermic effect at 722 °C is due to the de-
hydration of magnesium hydrosilicate to forsterite
2MgO-SiO; and SiO». The exothermic effect at 830.5 °C
is associated with the crystallization of magnesium sili-
cate. Thus, dehydration of chrysotile fibers with removal
of the basic volume of water comes at temperatures more
than 600 °C, consequently, in structure of cement-silicate
paint chrysotile is capable to work at heating without de-
struction of a paint covering. At the same time, intensive
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0e3 gecTpyKIuu KpacouHoro mokpeITws. [Ipu stom nHTeHCHBHAs  dehydration of cement-silicate matrix occurs at tempera-

JIeTUApaTallii [IeMEHTHO-CHJIMKATHON MaTpUIbl HACTYIAeT MpU
temnepatype Boire 600 °C, cnalwiii SHIOTepMITYECKUN YD hEeKT

oTMeyvaercs rnpu temmeparype 599,5 °C (puc. 20).

PUCYHOK 2

JAPOEPEHIIAAJIBHO-TEPMAYECKUAA
AHAJIN3:

a — XPU30TUJIOBOI'0 BOJIOKHA,

0 — HeMEeHTHO-CHJIMKATHOIi KPACKH COBMECTHO
¢ XpU30TWJIOBBIM BOJIOKHOM IIPH BO3AYLIHOM
TBEpPACHUH

Figure 2

Differential-thermal analysis of:

a — chrysotile fiber,

b — cement-silicate paint together with chryso-
tile fiber during air curing

584 150

tures above 600 °C, weak endothermic effect is noted at a
temperature of 599.5 °C (Fig. 2b).

LECEC L

R SR,

e RETTRER

Amnanu3s criektpa aupdepeHnaIbHO-TEPMUYECKOr0 aHa-
JIM3a LEMEHTHO-CWIMKAaTHOM KpacK, TBEPAEBILEH B BO3-
JIYIIHO-CYXOM COCTOSIHMH (pHcC. 3a), TOKa3al HHTEHCHBHYIO
MOTEPI0 KPUCTAIUTM3AIMOHHON BOBI IIPH Temmeparype 159
°C. Dumorepmudecknit ekt mpu Temmepatype 599,5 °C
cBsizaH ¢ jperuzaparanueit ocdara Hatpust NasPOy-12H,0
1o 6e3BomHOTO Qocdara Hatpus. [Ipu Temnepatype 776 °C
OTMEYaeTCsl MHTEHCUBHAs JETWApaTalii [eMEHTHO-CHIIH-
KaTHOM MaTpHIIbI, COMPOBOXKAaeMas feKapOOHU3aIUeH Kap-
Oonara KaybIys. B T0 ke BpeMsi, Ipy TBEPICHUH LIEMEHTHO-
CUJIMKATHOW Kpacku B Bojie (puc. 36) HabmoqaeTcs SpKO BhI-
pPaXEHHBIH SHIOTEPMHUYECKUH S(PQEKT NMpH TemIepaTrype
702 °C. Ilpu »TOM mnpH aHaAIU3e MHKPOCTPYKTYpPHI Iie-
MEHTHO-CIJINKATHOW KPAacCKH OTMEUEHBI THJIPOCHUIINKATHI
KaJIbIHsI pa3HOW MOP(OIOTHH, KOTOPEIE, BO3MOXKHO, UMEIOT

IS0 AR 10 L S A5 AN - R0 - RO ESR TR TR REE-ANE RS- WA [ ERE L

LR 5y M a9

6 (b)

Analysis of the differential-thermal spectrum of cement-
silicate paint cured in air-dry state (Fig. 3a) showed intensive
loss of crystallization water at a temperature of 159 °C. The
endothermic effect at 599.5 °C was related to the dehydration
of sodium phosphate Na;PO4 12H>O to anhydrous sodium
phosphate. At a temperature of 776 °C, intensive dehydration
of cement-silicate matrix accompanied by decarbonization of
calcium carbonate is observed. At the same time, during the
hardening of cement-silicate paint in water (Fig. 3b), a pro-
nounced endothermic effect is observed at a temperature of
702 °C. At the same time, when analyzing the microstructure
of cement-silicate paint, calcium hydrosilicates of different
morphologies were observed, which probably have different
dehydration temperatures. In the case of curing paint in air-
dry state due to incomplete dissolution of sodium
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pasHbIe TeMIeparypbl JeruapaTanui. B ciyqae TBepaeHus
KPacKd B BO3/YIIHO-CYXOM COCTOSIHUM BCIIEJICTBHE HEIOJ-
HOTO PacTBOPEHHUS THIPOCHIMKATa HATPUS THIPOCHIHKATHI
KaybIust OPMHUPYIOTCS B MEHBIIEM 00bEMe, YTO IIPHUBOAUT
K OTCYTCTBHIO HIOTepMUYEcKOTo d(ddekra mpu dosree HI3-
KHX TeMIlepaTypax.

PUCYHOK 3

JUPOEPEHIIUAAIBHO-TEPMUYECKHUIA

AHAJIN3 HEMEHTHO-CUJIMKATHOM
KPACKMU:

a — 1mocJie HaHeceHHsI MPU BO3AYLIHOM TBepe-
HHUH,

0 — npu TBepIEHHH B BOjIE

Figure 3

Differential thermal analysis of cement-silicate
paint:

a - after application at air curing,

b - during curing in water

3.2 UK-cnekmpansHulii ananus

Ha UK-cniekTpax 11eMeHTHO-CUIIMKATHONW KPACKU JI0 BbI-
JIepKUBAHUS B Bo/Ie (pHC. 4a) U TMOCIE BBIACPKKA B BOJIC B
Teuenne 24 yacos (puc. 40) OTMEUEHBI BHIPAKEHHBIE IIUPO-
KHe TI0JI0CH B obnacty yactot 1064,71 — 1020,34 cm™! coort-
BETCTBYIOLIME IpynmupoBke -Si-O-Si- u nmoaTBeprkaatomme
(dbopMupoBaHue THAPOCUINKATOB KallbIHUs Pa3HOI OCHOBHO-
ctu. I1pu 3TOM, 10 BBIAEPKKH 00pa3[0B KPACKH B BOAE JIH-
HUH MOTJIONIEHNS CMEIICHBI B 001aCTh 00Jee HU3KHUX YacTOT
(c 1065 1o 1020 cm™), uto mo3BOJIAET yTBEpKIATH O OOpa-
30BaHUH TOOEpMOPHTOBBIX reneit (1075 — 1027 em™) [17], a
1OCJIe BBIZCPKKH [IEMEHTHO-CHUIMKATHOW KPAacKd B BOJE
(dopmupyrorcst 6osee cTabnIIbHBIE IBYXKAJIbIIMEBbIE THAPO-
cunnkatel THna C>SH KpuCTamindeckoi CTpyKTyphI.
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hydrosilicate, calcium hydrosilicates are formed in a smaller
volume, which leads to the absence of endothermic effect at
lower temperatures.

a(a)

6 (b)

3.2 IR spectral analysis

The IR spectra of cement-silicate paint before soaking in
water (Fig. 4a) and after soaking in water for 24 hours (Fig.
4b) show pronounced broad bands in the frequency range
1064.71 - 1020.34 c¢cm™ corresponding to the -Si-O-Si-
grouping and confirming the formation of calcium hydrosil-
icates of different basicity. At the same time, before exposure
of paint samples in water the absorption lines are shifted to
the region of lower frequencies (from 1065 to 1020 cm™),
which allows to assert the formation of tobermorite gels
(1075 - 1027 em™) [17], and after exposure of cement-sili-
cate paint in water more stable two-calcium hydrosilicates of
C,SH type of crystalline structure are formed.
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PUCYHOK 4

NH®PAKPACHBIE CIIEKTPBI
MEHTHO-CUJIMKATHOM KPACKH:
a — 1ocJje HaHeceHHsl NPU BO31yIIHOM TBep/e-
HMH,

0 — mocJie BbIIeP:KUBAHUS B BOjIe

E-

Figure 4

Infrared spectra of cement-silicate paint:
a - after application during air curing,
b - after incubation in water

IMomocer 472,56 em™', 426,27 cm™! cBs3aHb! ¢ nedopmaru-
OHHBIMHU KoJieOaHUsIMU cBsizeld Me-O.

[Tosocsl B 06actu yactor 1442,75 — 1429,25 em’!, co-
OTBETCTBYIOT KoseGanusam rpymmbl CO3> BeneicTre kap6o-
HU3AIUH THAPOCHINKATOB Kbl ClieoBaTeIbHO, HOBO-
o0OpazoBaHus, (OPMUPYIONIMECS B MPOIECCE TBEPACHUS
KpacKH 0] BO3JACHCTBHEM MAPOB BOJBI M YTJICKHCIOrO ra3a
U3 OKpPY’KaIOMICH CPebl, MOABEpPraroTcs KapOOHU3aNH, 110-
BbIIIast BOHOCTOﬁKOCTL 1 TOJIIOBCUYHOCTH MMOKPLITHUA Ha OC-
HOBE IIEMCHTHO-CHUIMKATHON Kpacku. IlImpoxwme momocs
3687,90 — 2875,86 cm™! 1 3297,03 cM-1, cOOTBETCTBYIOT Ba-
JIeHTHBIM Kostebanusam cBsi3u O-H cBszanno# Bogw! [18, 19].
[upoxkuit xapakTep IMOJOC CBUICTEIBCTBYET 00 y4acTHH
THIPOKCHIIBHOW TPYIITBI B 00pa30BaHUM BOIOPOJHBIX CBS-
3eil.

3.3 Hccneoosanue Mukpocmpykmypol U peHmzeHo6-
CKUl MUKDPOAHAIU3 MOOUDUUUPOBAHHOI UeMEHMHO-CU-
JUKAMHOU KPACKU

AHanmM3 MHKPOCTPYKTYpPBI MPOBOAWIICS Ui 0Opas3IoB
MOCT€ BBLIEPKKU MPU BO3TYLUIHOM TBEPJACHUU U MOCIE BbI-
Jepxkn B Boje. IIpeaBapuTensHO cOCTaB 1EMEHTHO-CHITH-
KaTHOU KPacKU HAHOCHWIICS KPACKOITyJIbTOM Ha CTEKJISIHHBIE
TUTACTHHKH, BO3PACT MOKPHITHS COCTaBHI 14 CyTOK.

a(a)

6 (b)

The bands at 472.56 cm™!, 426.27 cm™ are related to de-
formation vibrations of Me-O bonds.

Bands in the frequency region 1442,75 - 1429,25 cm™!,
correspond to vibrations of CO3* group due to carbonization
of calcium hydrosilicates. Consequently, the new formations
formed in the process of paint hardening under the influence
of water vapor and carbon dioxide from the environment un-
dergo carbonization, increasing the water resistance and du-
rability of the coating based on cement-silicate paint. The
broad bands 3687.90 - 2875.86 cm™! and 3297.03 ¢cm™', cor-
respond to the valence vibrations of the O-H bond of bound
water [18, 19]. The broad character of the bands indicates the
participation of the hydroxyl group in the formation of hy-
drogen bonds.

3.3 Microstructure study and X-ray microanalysis of
modified cement-silicate paint

The microstructure was analyzed for samples after air
curing and after curing in water. Preliminary composition of
cement-silicate paint was sprayed on glass plates, the age of
coating was 14 days.

The microstructure of cement-silicate paint cured in air-
dry conditions is characterized by incomplete dissolution of
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MHUKpOCTPYKTYpa IEMEHTHO-CHIIMKaTHON KPacKH, TBEP-
)IeBLHefI B BO3YHIHO CYXHX YCJIOBHAX, XapaKTCPU3YCTCA HE-
MOJHBIM PAcTBOPEHHEM TPaHyJ THIPOCWINKATA HATPHUS
BCJIC/ICTBHE HEJJOCTATKA BJIAar P TBEPJICHUN KpacKu (pHc.
5a). B Toxe BpeMs MOBEPXHOCTh XPHU3OTHUIIOBBIX BOJIOKOH
MOKPBITA HOBOOOPA30BaHUSIMHU, COUYETAIOIIUMH aMOP(HYIO
(puc. 56) 1 KpUCTAINTUYECKYIO CTPYKTYPY (pHC. SB).

a(a)
PUCYHOK 5§
MUKPOCTPYKTYPA HNEMEHTHO-CUJINKATHOM
KPACKU:

a — 00IIMIi BUJI IIOCJIE BO3/IYILHO CYXOI'0 TBEPAEHHs;
MOP®OJIOTHUSI HOBOOBPA3OBAHUW BSIKYIIEW
MATPHUILBI HA TIOBEPXHOCTHU XPU30TUJIOBBIX BO-
JIOKOH:

0 — amop@dHoOii CTPYKTYPHI,

B — KPHCTAJUIMYECKOH CTPYKTYPBI

Figure 5

Microstructure of cement-silicate paint:

a - general view after air-dry curing;

Morphology of binder matrix neoplasms on the surface of
chrysotile fibers:

b - amorphous structure,

¢ - crystalline structure

DHEepProfMCepCcHoHHbIH aHamu3 (puc. 6) ¢parmMeHTOB
HOBOOOpa3oBaHMWi aMOP(HON CTPYKTYphl Ha [MOBEPXHOCTH
BOJIOKOH XpU30THJIA (pHC. 62) ITOKa3al HAIMINE aTOMOB KHC-
sopoga O (45 %), narpust Na (16,4 %), xpemuus Si (7,7 %),
u xaneitus Ca (25,6 %), 9TO MO3BOISET TOBOPHUTE O HATHINH
TUIPOCUJIMKATOB KaJlbLMs U CUIIMKATa HATPHUS.

IToarBepxmaercst coBMecTHast paboTa BceX KOMIOHEH-
TOB B COCTaBE€ LIEMEHTHO-CHJIMKATHOM Kpacku B IpOLECCe
KOAryJILUHl PacTBOPUMOTO CTEKIAa W THApATallud MUHEpa-
JIOB TIOPTJIAHJIIIEMEHTA, KOTOPbIE TOKPHIBAIOT ITOBEPXHOCTH
XPHU30THIIOBBIX BOJIOKOH (pHcC. 7a), 00pa3ysi MUHEpaIbHBII
KOHTJIOMepaT, oOecneunBaromuil (HOpMHUPOBAHUE KpPacod-
HOTO MOKPBITHUS.

Kak BuaHO M3 pe3ysnbTaToB 0030pHOTO KapTHPOBAHUS
CKOJIa IIEMEHTHO-CHJIMKAaTHOW Kpacku (puc. 70), MOBepX-
HOCTh XPH30THJIOBBIX BOJIOKOH TOKPBITA BCEMH XUMHYE-
CKUMH 3JIEMEHTaMH, BXOJIIMMH B COCTaB BSDKYIICH Iie-
MEHTHO-CWJIMKATHOW  MAaTpHIBl, UYTO  MOJATBEP)KJIAcT
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sodium hydrosilicate granules due to lack of moisture during
curing (Fig. 5a). At the same time, the surface of chrysotile
fibers is covered with new formations combining amorphous
(Fig. 5b) and crystalline structure (Fig. Sc).

6 (b)

B (C)

Energy dispersive analysis (Fig. 6) of fragments of newly
formed amorphous structure on the surface of chrysotile fi-
bers (Fig. 6a) showed the presence of oxygen atoms O (45
%), sodium Na (16.4 %), silicon Si (7.7 %), and calcium Ca
(25.6 %), which suggests the presence of calcium hydrosili-
cates and sodium silicate.

The joint work of all components in the composition of
cement-silicate paint in the process of coagulation of soluble
glass and hydration of Portland cement minerals, which
cover the surface of chrysotile fibers (Fig. 7a), forming a
mineral conglomerate that provides the formation of paint
coating, is confirmed.

As can be seen from the results of the overview mapping
of the cement-silicate paint chips (Fig. 7b), the surface of
chrysotile fibers is covered with all chemical elements in-
cluded in the binder cement-silicate matrix, which confirms
the joint work of chrysotile fibers, which reinforce the paint
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COBMECTHYIO PabOTy XPH30THIIOBBIX BOJIOKOH, KOTOpPBIE ap-
MUPYIOT CTPYKTYPBI KPacKH, SBJSISICH OJJHOBPEMEHHO ICH-
TpaMH KpUCTAIIM3AMH U (OPMHUPOBAHHS HOBOOOpa3oBa-

HHUH.

PUCYHOK 6.

HEMEHTHO-CUJIMKATHASI  KPACKA,
TBEPJAEBIIAA B BO3AYHIIHO CYXHX
YCJIOBHUSAX:

a — JHepPro-AMCIepCUOHHBI aHaIu3 aMoppu-
3UPOBAaHHOIl a3k,

6 — MHKPOCTPYKTYpa aMop(pH3HPOBaAHHOMH
¢a3bl B 00J1acTH aHaJIN3a,

B — JHEepProfiNCcrepCHOHHBIN aHAJIU3 KpHCTAJ-
JIOruaApaTHoii ¢assl,

I — MHKPOCTPYKTYpPa KpPHCTAJLIOTHAPATHOM
(a3zbl B 00,1acTH aHAIH3A

Figure 6.

Cement-silicate paint cured under air-dry
conditions:

a - energy-dispersion analysis of the amor-
phized phase,

b - microstructure of the amorphized
phase in the area of analysis,

¢ - energy-dispersive analysis of crystalline
hydrate phase,

d - microstructure of crystalline hydrate
phase in the area of analysis

PUCYHOK 7
MHUKPOCTPYKTYPA CKOJIA IEMEHTHO-

CWJINKATHOM KPACKHM (a), KAPTUPOBA-
HUE NOBEPXHOCTH CKOJIA KPACKH (6)

Figure 7

Microstructure of cement-silicate paint chipping
(a), mapping of paint chipping surface (b)

MukpoaHaiu3 CTpyKTypbl U MOP(HOJIOrHd HOBOOOpa3o-
BaHUH IMOKa3blBa€T, 4YTO B MPOIECCE OKCIUTyaTalnuH

structures, being simultaneously the centers of crystallization
and formation of neoplasms.

a(a) 6 (b)

B (¢) r(d)

a(a)

Area 3 - Live Map 1 Overlay on Image

‘

Mag:522 WD : 11

6 (b)

Microanalysis of the structure and morphology of neo-
plasms shows that in the process of coating operation due to
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MOKPBITHS 32 CYET BO3JCHCTBUU MApPOB BOJBI MPOUCXOIUT
MOJTHOE PACTBOPEHHUE IPaHyJI THAPOCUIMKATA HATPHUS U TIPO-
JIOJDKAETCSI TUpaTalis MUHEePAJIOB MopTiaannemMenTa. [1pu
9TOM, MHKPOCTPYKTypa IIEMEHTHO-CHJIMKATHOW KpaCKH,
TBEp/IeBIICH B BOJIC, IOKA3bIBAET MOJIHOE PACTBOPEHUE TPa-
HYJ THIPOCHJIMKATA Kalblusi U (GOpMHpPOBaHUEC aMOp(hHOM
CTPYKTYpBl BsDKyIIeH wmatpullel (puc. 8a-B) B cocTaBe
KPACKH, 4TO CIIOCOOCTBYET YIYUIICHUIO aIre3UH e¢ K OKpa-
[IMBAGMOMY OCHOBaHHIO.

PUCYHOK 8

MUKPOCTPYKTYPA
KPACKMN:

a — o0LIMIi BUJI IOCJIE TBEP/IEHUSI B BOJIE,

6 - Mmopdostorusi HOBOOOpPa30BaHMIi BSKYIIEll MATPHIILI HA 1O-
BEPXHOCTH XPU30THJIOBBIX BOJIOKOH,

B — (pparMeHT CTPYKTYPHI € ONpeaesieHHeM AuaMeTpa XpH30TH-
JIOBBIX BOJIOKOH

HEMEHTHO-CUJIMKATHOM

Figure 8

Microstructure of cement-silicate paint:

a - general view after curing in water,

b - morphology of new formations of binding matrix on the sur-
face of chrysotile fibers,

¢ - fragment of the structure with determination of the diameter
of chrysotile fibers

water vapor exposure there is a complete dissolution of so-
dium hydrosilicate granules and hydration of Portland ce-
ment minerals continue. At the same time, the microstructure
of cement-silicate paint cured in water shows complete dis-
solution of calcium hydrosilicate granules and formation of
amorphous structure of the binding matrix (Fig. 8a-c) in the
paint, which contributes to improving its adhesion to the
painted substrate.

a(a)

I

6 (b)

[MapannensHo, 32 CYST YTICKUCIIOrO r'a3a B COCTaBE OKPY-
JKAFOIIETO BO3IyXa, JOCTUTAETCS KapOoHM3anus HOBOOOpa-
30BaHUI B COCTABE [IEMEHTHO-CUITMKATHON MaTPHIIBI C 00pa-
30BaHMEM KapOOHATOB KaJbIus, 4TO TMOATBepx)aeHo MK-
CIEKTPAIbHBIM aHAIN30M COCTaBA.

BriBoabl

Taxum 00pa3zoM, IPOBEIECHHbIE HCCIIEIOBAHMS TOKA3aIH,
YTO IIEMEHTHO-CHJIMKATHAsi Kpacka MOXKET BBIJCPIKUBATH
TeMIlepaTypy Ha ropsiaux moBepxHocTsax g0 600 °C 6e3 ne-
CTPYKLIUH MOKPBITHSI.

MukpoaHaiu3 CTpyKTypbl U MOP(HOJIOrHd HOBOOOpa3o-
BaHWH MTOJTBEPXK/IAET COBMECTHYIO pabOTy XPH30THIIOBBIX
BOJIOKOH, KOTOpbIE apMUPYIOT CTPYKTYPY KPAackH, SIBJISISACh
OJTHOBPEMEHHO LIEHTPaMH KPUCTAIIM3ALNKA U (OPMHUPOBA-
HUsI HOBOOOpa30BaHMiL.

J1s ynydiieHust aare3suu K OKpallMBaeMOil OBEPXHO-
CTH HEOOXOJMM WHAYKIMOHHBIN IEpHOA JUIS IIOJHOTO

32

B (C)

In parallel, due to carbon dioxide in the composition of
ambient air, carbonization of neoplasms within the cement-
silicate matrix with the formation of calcium carbonates is
achieved, which was confirmed by infrared spectral analysis
of the composition.

Conclusions

Thus, the conducted studies have shown that cement-sil-
icate paint can withstand temperatures on hot surfaces up to
600 °C without coating degradation.

Microanalysis of the structure and morphology of neo-
plasms confirms the joint work of chrysotile fibers, which
reinforce the paint structure, being simultaneously the cen-
ters of crystallization and formation of neoplasms.

To improve adhesion to the surface to be painted, an in-
duction period is required for complete dissolution of sodium
hydrosilicate after mixing of dry one-component cement-sil-
icate paint. In the process of paint operation, the hydration of
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pPacTBOPEHUS T'MAPOCUIIMKATA HATPUs IIOCIE 3aMellUBaHUs
CyXOH OJHOKOMIIOHEHTHOM LIEMEHTHO-CUJIMKATHON KPACKH.
B mpornecce skcmtyatany Kpacky MpoJOIKaeTCs THpaTa-
LYs1 MUHEPAJIOB IIOPTIaHALIEMEHTA, II0BbIIAS YIUIOTHEHUE U
aATe3UI0 KPACKU K OKpAIINBAaEeMON TIOBEPXHOCTH.

YcraHOBIIEHO, YTO HOBOOOpa3oBaHus, (POPMHUPYIOLTHECS
B IpOLIECCE TBEPJCHUS KPACKH, MOJIBEPratoTCs KapOOHHU3a-
L[UH, MTOBBIIIAA BOAOCTOMKOCT U JJONTOBEYHOCTD MOKPBITHS
Ha OCHOBE LIEMEHTHO-CHJIMKATHON KPAacKHU.
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