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AHHOTADUA

B pabome onucana 00HOKOMNOHEHMHAS YEMEHMHO-CUTUKAMHASL KPACKA HA OCHO8e Del1020 NOPMAAHOYEeMEHmMA U 2UOPOCU-
JUKAMA HAMpUsl, 8 KOMOPOM OMCYMCMEYIOM 00PO2OCMOosUe OKCUO YUHKA U Kaauegoe dcuokoe cmekno. Kpacky npeonona-
2aemcsi npou3BO0UMs 6 8UOE CYXOU CMECHU, KOMOPAsL MOJCem OblMb NPUMEHEHA 8 YCII0BUSX CIPOUMENbHOU NA0WAOU C UCHOTb-
308anuem cmecumeneti. Ilokazano, umo egedenue 8 6A308blil COCMAB KPACKU XPUZOMUTLOBbIX HAHOBOIOKOH NO36051eM UCNOTb-
308amb ee 011 OKPACKU 20pAYUX nogepxnocmeti, pabomaiowux npu memnepamypax oo 700 °C. Hcnonvzosanue nanooucnepc-
HO20 OUOKCUOA MUMAHA 8 COCMABE YEeMEHMHO-CUNUKAMHOU KPACKU 0Decneyusaenm camooducmky OKpauleHHo20 NOKpblmus
scnedcmeue (homoKamarumuiecKux peaKyull Ha 3a2psi3HeHHOU NOBEPXHOCHIU.
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ABSTRACT

The paper describes a one-component cement-silicate paint based on white Portland cement and sodium hydrosilicate,
which lacks expensive zinc oxide and potassium liquid glass. The paint is supposed to be produced as a dry mixture, which can
be applied in the conditions of the construction area using mixers. It is shown that the introduction of chrysotile nanofibers
into the basic composition of the paint allows its use for painting hot surfaces operating at temperatures up to 700 °C. The use
of nanodispersed titanium dioxide in the composition of cement-silicate paint provides self-cleaning of the painted coating due
to photocatalytic reactions on the contaminated surface.
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BBEJIEHUE

TexHOJIOTHH M COCTaBbI, IPEUMYIIECTBEHHO HA OCHOBE
BOJHBIX 3MYJIbCUI aKpPUIIOBBIX ITOJIMMEPOB, SIBISIOTCS OC-
HOBHBIMH TIPH OKpAIINBaHNN (acanoB 3nanuil. OHaKO HA3-
KHE Macco- ¥ HapoIIPOHMIaeMocTh (MeHee 150 r/m2-cyT)
BOJIHBIX 3MYJILCHI IPHBOJT K €€ OTCIIOCHUIO OT OCHOBAHHUS
B TIpoIlecce AKCIUTyaTanun (pUCYHOK 1) BeiencTBre, B TOM
YHCcIe, Pa3sHbIX KOA((GUIIMEHTOB JIHHEHHOTO pacUINpeHHs
OCHOBBI 1 JIAKOKPACOYHOT'O IIOKPBITHS, YTO CHHXKAET JIOJIT0-
BEYHOCTbH MOKPHITHSA [1].

INTRODUCTION

Technologies and formulations, mainly based on aqueous
emulsions of acrylic polymers, are the main ones for painting
facades of buildings. However, low mass and vapor permea-
bility (less than 150 g/m2-day) of water emulsions lead to its
delamination from the base during operation (Figure 1) due
to, among other things, different coefficients of linear expan-
sion of the base and paint coating, which reduces the dura-
bility of the coating [1].

PUCYHOK 1

OTCJIOEHHME BOJOSMYJbCHUOHHOI'O JIA-
KOKPACOYHOI'O IOKPBLITUSA HA ®ACAJE
3JAHUA

no aapecy: r. M:xxkeBck, ABaHrapanas Sa

Figure 1

Peeling of water-emulsion paint and varnish coat-
ing on the facade of the building
Izhevsk, Avangardnaya Sa

K Tomy 3xe Bo3/ielicTBUE COTHEUHOM pagualiy Ha OKpa-
IIEHHYIO [TOBEPXHOCTh, IPUBOJUT K JECTPYKIHS MOJIHMMEp-
HOTO cBaA3yromiero [2]. B urore, npu okpammBaHUM MUHE-
paJbHBIX ITOBEPXHOCTEH (CHJIMKAaTHbIE KOMIIO3MLIUH, Oe-
TOHBI, PACTBOPHI, KEPAMHUYECKUH M CHIMKATHBIA KHUPIINY)
TPaAWIIMOHHBIMU COCTaBaMH Ha TOJMMEPHOM CBSA3YIOIIEM,
BO3HHKAIOT JIE(EKTHI B BU/IE TPELIMH U MTOCIEAYIOIIETO HIe-
TymeHus Kpacku. Kpome Toro, BOI03MyIbCHOHHBIE KPACKH
UMEIOT HU3KYIO0 TEPMOCTOHKOCTB, HE MpeBHImaromnyio 250 -
300 °C, 9T0 HCKITIOYaeT UX UCIOIB30BAHUE TIPH OKPACKE I'0-
pAYMX MOBEpPXHOCTEH ¢ TemmepaTtypamu 10 600 - 700 °C. B
Ka4yecTBe aJbTEPHATUBBI NpeuIaralTcs QacaaHble Kpacku
Ha OCHOBE KaJIIEBOTr'0 )KUIKOTO CTEKJIa U OKCUIA LIMHKA, KO-
TOpBIE HE UMEIOT HEJIOCTATKOB, IIPHCYILIUX BOJOIMYJILCHOH-
HBIM TIOKPBITHSIM, OJTHAKO MX 3P (PEKTHBHOCTH HUBEINPYETCS
BBICOKOI CTOMMOCTBIO OCHOBHBIX KOMIOHEHTOB. [Ipu sTOM
9TH MOKPBITHS ITPEIOJIAraoT JBYXKOMIIOHEHTHOCTD B BUJIE
pacTBOpa XHUIKOTO KAUTUEBOTO CTEKJIA M OKCHJIA IIMHKA, YTO
CYIIECTBEHHO CHIKAET UX TEXHOJOTWYHOCTh IPH HaHece-
Hun. TakuMm 00pa3oM, IKoHOMIYecKast 3 (HEeKTHBHOCTb, TEX-
HOJIOTUYHOCTD ¥ HU3Kasl JOJITOBEYHOCTh BCICACTBHE CIa00H
BOJIOCTOMKOCTH HCIIOIB3YIOIIMXCSI B HACTOAIIEE BPEMS CH-
JIMKATHBIX KPACOK COCTABOB SIBIISICTCS] HEYAOBICTBOPUTENb-
HOM.

AHaor 3Toro cocTaBa, HO MPUTOTOBJICHHBI HA OCHOBE
JIBYXKOMIIOHEHTHOW KOMIO3UIMHY, BKJIIOYAIOIIEH Oerblit
MOPTIAHALEMEHT U XKHJKOE HaTPUEBOE CTEKJIO B COYETAaHUU
C NMUTMEHTOM Ha OCHOBE OTXOJOB KEPaMHYECKOTO IpPOU3-
BOJICTBa (KepaM3HUTOBAs IIbUIB) IIOKa3ajl BBICOKYIO JIOJITOBEY-
HOCTb, NpeBbIIatontyro 20 JeT sKcIuryaTanuyi 6e3 peMoHTa
(pucyHOK 2).
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Exposure of the painted surface to solar radiation leads to
the destruction of the polymer binder [2]. When painting
mineral surfaces (silicate compositions, concrete, mortars,
ceramic and silicate bricks) with traditional compositions
based on polymer binder, defects in the form of cracks and
subsequent flaking of paint occur. In addition, water
emulsion paints have low temperature resistance, not
exceeding 250 - 300 °C. This excludes their use when
painting hot surfaces with temperatures up to 600 - 700 °C.
As an alternative, facade paints based on potassium liquid
glass and zinc oxide are offered. Such paints do not have
disadvantages inherent in water-based coatings, but their
effectiveness is leveled by the high cost of the main
components. In this case, these coatings are bicomponent
coatings. They include a solution of liquid potassium glass
and zinc oxide. This significantly reduces their processability
during application. Thus, the economic efficiency and
processability is unsatisfactory. At the same time, currently
used silicate paints have low durability due to poor water
resistance.

The analog of this composition, but prepared on the basis
of two-component composition, including white Portland
cement and liquid sodium glass in combination with pigment
on the basis of ceramic production waste (expanded clay
dust) showed high durability, exceeding 20 years of
operation without repair (Figure 2).
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PUCYHOK 2

3JAHUE BHEIITEPMHWHAJI
KOMIIJIEKCA

B I. MikeBCK, okpamenHoe B 1996 r.:
a) 10 HAHECeHHs1 KPACKH,

0) mocJjie HaHeCeHUs1 KPACKHU

Figure 2

Terminal building in Izhevsk, painted in
1996:

(a) before paint application,

b) after painting

>

-l

Panee Hammmu ucciefoBaHUSMU OBIJIO YCTAHOBJICHO,
YTO KEPaM3HUTOBAs ITbIJIb HE3HAUUTENBHO BIIMSIET HA MUHEpa-
JIOTHYECKUH COCTaB HOBOOOPAa30BaHWI B CHIIMKATHOM II0-
KPBITHH, OJHAKO CITIOCOOCTBYET YMEHBIIEHHUIO Pa3MEPOB ITOP
n Oosiee paBHOMEPHOMY HX pacIpeAeieHHI0 B 00bEMeE 3a-
TBEPAEBIIETO COCTaBa, 4YTO CIIOCOOCTBYET YIUIOTHEHHUIO
CTPYKTYpPBHI W TOBBIIICHUIO MPOYHOCTH MOKPHITHA. OT n3-
BECTHBIX JIByXKOMIIOHCHTHBIX TPaJUINOHHBIX CHINKATHBIX
COCTaBOB Pa3pabOTaHHAasI KOMIIO3HIIHSI OTJIMYACTCS] BO3MOX-
HOCTBIO U3TOTOBJIEHUS €€ B BUJIE CyXOH CMECH, KOTOPYIO I1e-
pen IpuMEHEHHEM MOKHO 3aTBOPUTH BOJOM [5,6].

eas naHHON MccaeaoBaTeIbCKONH PadoThI OBUIO MO-
Jy4yeHHe  OJHOKOMIIOHEHTHOW  I[€MEHTHO-CHJIMKATHOMN
KpackH, KOTOPYIO MOXKHO HMCIIOJIB30BATh Ul OKPACKU ropsi-
YHUX MOBEPXHOCTEH, pabOTArOIIUX MpH TeMiepaTypax a0 700
°C, a Takxe 00ecIeunBaoLIyI0 CAMOOYHCTKY OKPAILIEeHHOT'O
TIOKPBITHSI.

MarepuaJjbl 1 MeTOABI

B kauecTBe OCHOBHBIX KOMIIOHEHTOB 0a30BOTO COCTaBa
UCTIONB30BANICS O€TbIi MOPTIAHAIEMEHT U PAacTBOPUMOE
HAaTPHUEBOE CTEKIIO.

B paboTe OblL1 MCHONB30BaH MOPOILIOK T'MAPATUPOBAH-
Horo cunukara Hatpus komnanuu OOO «Jlaiican», BBIITY-
meHHepli B cooTBeTcTBUH ¢ TY 20.13.62-060-00883732-
2019, orBevarommii TpeboBanusaM TY 20.13.62-001-
06051139-2020. CunukaTHbI MOAYJb MPOAYKTA BapbHUPY-
ercs ot 2,8 no 3,4. MaccoBas 10J1s KOMIIOHEHTOB, COTJIACHO
MacropTy KauecTBa, COCTaBIsIeT il okcuaa Harpus (Na20)
- 24,13% u nuokcuaa kpemuus (Si0») - 70,83%. B coorser-
CTBHH C MTACTIOPTHBIMH JaHHBIMHU, BPEMsI TIOJTHOTO pacTBOpE-
HUSI 4aCTHIl THAPOCHIINKATa HATPHsI B BoJe cocTrasisieT 20
MHHYT IPH KOMHAaTHOM TeMIIEpaType.

OnTuManbHBI COCTaB, UMEIOIMI HEOOXOIUMOE CIIEI-
JICHHE C MUHEPAIbHOU MOBEPXHOCTHIO, BOJOCTOUKOCTHIO U
OTCYTCTBHEM BBICOJIOB BKJTIOUaIT OemIbli mopTaanaieMeHT 50
T, THIPOCHIIMKAT HAaTpus - 40 T, MUKPOKAJIBIMT - 7 T, pocdar
HaTpus — 25 1. (mo 'OCT 201-76.) Cmech Bcex KOMIIOHEH-
TOB IlepeTupanach B AuckoBoM ucruparene NJI-200 u 3arBo-
psinack Bofol ¢ Temmnepatypoit 20 °C. 3aTBopeHHe NPOU3BO-
muitock Bogoi npu B/ otHomennu 0,64. CBeXenpUroToB-
JIeHHass Kpacka HaHOCWJIACh Ha OKpAaIIMBAaEMYylO IOBEpX-
HOCTh 4epe3 20 MUHYT IOCiIe TPUTOTOBIEHUS C TIOMOIIBIO
kpackomynsTa (DECO DKSG55K1 HVLP) tonmmmunoit 150-
200 MKM.

Earlier our studies have established that expanded clay
dust insignificantly affects the mineralogical composition of
new formations in the silicate coating, but contributes to a
decrease in the size of pores and their more uniform distribu-
tion in the volume of the hardened composition, which con-
tributes to the compaction of the structure and increases the
strength of the coating. The developed composition differs
from the known two-component traditional silicate composi-
tions by the possibility of its production in the form of a dry
mixture, which can be mixed with water before use [5,6].

The purpose of this research work was to obtain a one-
component cement-silicate paint, which can be used for
painting hot surfaces operating at temperatures up to 700 °C,
as well as providing self-cleaning of the painted coating.

Materials and methods

White Portland cement and soluble sodium glass were
used as the main components of the basic composition.

Hydrated sodium silicate powder of the company “Lai-
san” Ltd, produced in accordance with TU 20.13.62-060-
00883732-2019, which meets the requirements of TU
20.13.62-001-06051139-2020, was used in this work. 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 sodium oxide (Na20) - 24.13% and silicon di-
oxide (Si0O3) - 70.83%. According to the passport data, the
time of complete dissolution of sodium hydrosilicate parti-
cles in water is 20 minutes at room temperature.

The optimal composition, which has the necessary adhe-
sion to the mineral surface, water resistance and lack of ef-
florescence included white Portland cement 50 g, sodium hy-
drosilicate - 40 g, microcalcite - 7 g, sodium phosphate - 25
g. (GOST 201-76.) The mixture of all the components was
grinded in a disk eraser ID-200 and mortared with water at a
temperature of 20 °C. The mixing was made with water at
B/C ratio of 0.64. Freshly prepared paint was applied to the
surface to be painted 20 minutes after preparation with a
paint gun (DECO DKSG55K1 HVLP) with a thickness of
150-200 microns.

In order to increase heat resistance and crack resistance
in the composition additionally introduced as a functional
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C 11e71510 MOBBIIIEHUS TEPMOCTOMKOCTH U TPEIIIMHOCTON-
KOCTH B COCTaB JOIOJIHUTEIBHO BBOJWINCH B KauecTBE
(yHKUMOHAIBHOW JOOABKM XPH30THJIIOBBIE BOJOKHA 6-7
copra, coorBercTBytoue ['OCT 12871-2013 «XpuzoTuiu.
OO01mye TeXHUUECKHUE YCIOBUS.

HcnpiTanne 1eMEHTHO-CHIIMKATHOM KpacKH Ha TeIlIo-
CTOMKOCTb B YCIIOBHSAX IOBBIIIEHHBIX TEMIIEPATyp TPOBOIH-
JIOCh B HarpeBaTesIbHOM neur npu temnepatypax 500 — 700
°C. ®ukcarys TeMIepaTypbl 00ecriednBaiach C HCIOIB30-
BaHUEM TETUTOBH3MOHHOM Kameps! Guide D192M.

Jna pacmmpenus (yHKIMOHATBHBIX CBOMCTB B COCTaB
HeMeHTHO-CI/IHI/IKaTHOf/'I KpaCKu BBOJWJICSA HAHOJAUOKCUI TH-
TaHa, KOTOPBII 0OecIieurBan Co31aHue CaMOOYHIIIAIONIeHCs
(orokaranusa.

DOTOKATATUTUYECKYI0 YCTOHYUBOCTh MOBEPXHOCTH Iie-
MEHTHO-CUJIMKATHON KPacKU OLIEHUBAIIH 110 JIerpajaliiy op-
ranyueckoro nurmMenra Ponamuna C, HaHECEHHOro Ha IMO-
BEPXHOCTb KPACKU.

CTpyKTypHBIE U MHHEpAJIOTHYECKHE U3MEHEHHS B CO-
CTaBe IEMEHTHO-CIIIMKATHOW KPAacKH OIICHHBAIHM C ITOMO-
1IbI0 dHeproaucnepcuoHHoro u UK-cnexkrpanbHoro ananu-
30B.

3KCl'lepI(lMeHT]>I H 06cy>w:[eﬂne pe3yjabTaToB

IMopTnauanemMeHnT sABisiercss 3G(HEKTUBHBIM OTBEPIUTE-
JIeM KHUIKOTO CTEKNa, NPH IEepexo]e KaldbLus B PacTBOP
MIPOMCXOIUT PaHHUH HAOOp MPOYHOCTH 3a cyeT 00pa3oBa-
HUA CUJIMKATOB U3 XXUJKOI'O CTCKJIA. BI)ICTpI:Ie KoaryJsnus u
OTBEP)KEHHE CUCTEMBI CBA3aHBI TAKXKe C BBICOKOH MOTIJIOoNIa-
IOIEH CIIOCOOHOCTBIO YaCTHI[ LIEMEHTa, 00E€3BOKHUBAIOLINX
KuAKoe cTexso. IloaToMy cMmech KHUIKOTO HATPUEBOTO
CTEeKJIa ¢ NOPTIAHALEMEHTOM NIPUTOTABIUBATACE C UCIOIb-
30BaHUEM 3aMEIINTEIICH TBEpICHUS B BHJIE pacTBopa (oc-
(haTa HATPUS I UCKITIOUCHHNS OBICTPOTO CXBAaTHIBAHUS IIE-
MEHTHO-CWJIMKAaTHOW Kpacku. Mcuepnanue wHcnosib30BaH-
HOTO B COCTaBE 3aMEITUTENS KOATyJISIIIUN KHUIKOTO CTEKIIa
MPUBOJUT K OTBEPJEBAHHIO CHCTEMBI C OCIEAYIOIIM (Gop-
MHPOBaHHEM BOJOCTOMKOIO KPacOYHOTO CHIIMKATHOTO IO-
KpbITUS. braromapst Hanu4HO B cOCTaBe MOPTIAHIIEMEHTa,
MPOYHOCTh KOMIIO3UIIMM CO BPEMEHEM HapacTaeT 3a CyeT
TUApaTalid MHHEPAJIOB LIEMEHTa M MOCHIenylomel kapoo-
HHU3aLUK THAPOKCHA KabIHs (PUCYHOK 3).

additive chrysotile fibers 6-7 grade, corresponding to GOST
12871-2013 “Chrysotile. General technical conditions”.

The test of cement-silicate paint for heat resistance at el-
evated temperatures was carried out in a heating furnace at
temperatures of 500 - 700 oN. Temperature fixation was pro-
vided using Guide D192M thermal imaging camera.

To extend the functional properties, titanium nanodioxide
was incorporated into the cement-silicate paint to create self-
cleaning photocatalysis.

Photocatalytic stability of cement-silicate paint surface
was evaluated by degradation of organic pigment Rhoda-
mine C applied on the paint surface.

Structural and mineralogical changes in the composition
of cement-silicate paint were evaluated by energy dispersive
and infrared spectral analysis.

Experiments and discussion of results

Portland cement is an effective hardener of liquid glass,
with calcium transferring into the mortar, early strength gain
occurs due to the formation of silicates from the liquid glass.
Rapid coagulation and hardening of the system are also as-
sociated with the high absorption capacity of cement parti-
cles dehydrating liquid glass. Therefore, the mixture of liquid
sodium glass with Portland cement was prepared with the use
of curing retarders in the form of sodium phosphate solution
to avoid rapid setting of cement-silicate paint. The exhaus-
tion of liquid glass used in the composition of the coagulation
retarder leads to the curing of the system with the subsequent
formation of water-resistant colorful silicate coating. Due to
the presence of Portland cement in the composition, the
strength of the composition increases over time due to the
hydration of cement minerals and subsequent carbonization
of calcium hydroxide (Figure 3).

PUCYHOK 3

PEHTTEHOI'PAMMA IIEMEHTHO-CHJIU-
KATHOM KPACKH, TBEPAEIOIIEN TPU
100% BJIAXKHOCTH CPEJbI

Figure 3

X-ray radiograph of cement-silicate paint curing
at 100% ambient humidity
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[Tpu 3TOM M3 KOJUIOMIOB, 0OPAa30BABLIMXCS IPU KOaryJis-
IIUM JKUJKOTO CTEKJa, aKTHBHO OTBOJUTCSI BOJA Ha TUjapara-
LU0 LIEMEHTa, a 00pa3ylolasics MopoBasi cpejia 3aroIHseTCs
NPOJXYKTAaMH THIpaTaluy ¥ KapOOHHW3aLMH, YTO HPUBOAMT K
MOBBILIEHUIO IIPOYHOCTH KOHTAKTOB MEX/y BCEMH COCTaBIISIO-
muMu KoMmnosuuuu [3, 4]. MccnenoBaHuss MUKPOCTPYKTYPBI
[IEMEHTHO-CUJIMKAaTHOM KPacKH (PUCYHOK 4) TIOKa3bIBaeT HAJIU-
YHe B CKOJIaX IIEMEHTHO-CHJIMKATHOTO MOKPBITUS SIPKO BBIPaA-
JKeHHBIE KPHUCTAIUTHl KapOoHaTa Kamplus B (opMe KyOOB H
pOoMOOI0EKadIPOB.

®dopmupoBaHre KapOOHATa KaJbIM TAKKE MOATBEPXKIa-
ercss nUuQQepeHaIbHO-TePMUYECKUM aHAIN30M (PHCYHOK
5), pu KoTopoM TipH Temmepatype 875 °C oTmeuaercs qucco-
nuanus kapoonara xansiust Ha CaO u CO; [12].

In this case, from the colloids formed during coagula-
tion of liquid glass, water is actively withdrawn for cement
hydration, and the resulting pore environment is filled
with products of hydration and carbonization, which leads
to an increase in the strength of contacts between all com-
ponents of the composition [3, 4]. Studies of the micro-
structure of cement-silicate paint (Figure 4) show the pres-
ence of pronounced calcium carbonate crystals in the form
of cubes and rhombodododecahedrons in the cement-sili-
cate coating chips.

The formation of calcium carbonate is also confirmed
by differential thermal analysis (Figure 5), where dissoci-
ation of calcium carbonate into CaO and CO; is observed
at 875 °C[12].

PUCYHOK 4

MUKPOCTPYKTYPA IEMEHTHO-CHJIN-
KATHOM KPACKHA C KPUCTAJIJTAMHA B
®OPME POMBOJOJEKASIPOB B
BO3PACTE 27 JIET:

(a) — B cKoJie MOKPBITHUS,

(0) — Ha NOBEPXHOCTH MOPHI

Figure 4

Microstructure of cement-silicate paint with
rhombodododecahedron-shaped crystals at the
age of 27 years:

(a) - in the chipped coating,

(b) - on the pore surface

139 ym 403 mm

20 ke)

300 pA

v

DEPTH

Hrazka 24,01 2024 14:24:21

PUCYHOK §

,Z[I/I(I)(I)EPEHI_II/IAJII)HO-TEPMI/I‘-IECKVI/II‘/‘I
AHAJIN3 HEMEHTHO-CWJINKATHOH
KPACKHA

Cnanesm
Elenicuniing  WLED g

miy

- T g

Cimtreain =R S mse
Chommien: 7 GG mp

RISRSC

=il

100 150 200 XS4 300 350 4ME 450 SO0 S50 &M 650 T TS0 B0 BSK N0 950 10M HSEC

Figure 5 44
Differential thermal analysis of cement-silicate | |
paint
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DHEepro-AMCIEPCHOHHBIA aHaIN3 HOBOOOpA3OBaHUU B
CTPYKTYp€ LIEMEHTHO-CHJIMKATHOM KpacKu, HaXOMBILIEHCS B
9KCIUTyaTalluy B TeYeHue 27 JieT, okasai npeodiaganue B
cocraBe aroMoB kucioposa (O), xanbuus (Ca) 1 KpeMHUS
(Si), uyro moxaTBepkAaeT 0Opa3OBaHHWE THIPOCIIIUKATOB
KaJlbLusl B CTPYKType Kpacku (Pucynok 6).

HK-cniexTpanbHbIH aHamu3 (PUCYHOK 7) BBISBHII JOTIONI-
HUTEIBFHO B COCTaBE KPacKH KapOOHATHYIO TPYIIIY C HHTCH-
CHBHBIMHU I0JIOCAMH IIOTVIOIIEHUs B o6nactu 1419,61cm™! u
873,75 cm’!, TOATBEPKIAOMMMHA KapOOHH3ALMIO IIE-
MEHTHO-CHJINKaTHOW KPAaCKH B TPOIIECCE SKCILUTyaTalliy.

Energy-dispersive analysis of neoplasms in the structure
of cement-silicate paint in service for 27 years showed the
predominance of oxygen (O), calcium (Ca) and silicon (Si)
atoms in the composition, which confirms the formation of
calcium hydrosilicates in the paint structure (Figure 6).

IR spectral analysis (Figure 7) revealed additionally in
the paint composition a carbonate group with intense absorp-
tion bands in the region of 1419.61 cm™ and 873.75 cm’!,
confirming carbonization of cement-silicate paint during op-
eration.
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PUCYHOK 6
SHEPTOJMCHEPCUOHHBIN AHAJIN3
HOBOOBPA3OBAHUII B CTPYKTYPE
HEMEHTHO-CUJIMKATHOHU KPACKH

Figure 6

Energy dispersive analysis of neoplasms in the
structure of cement-silicate paint
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B 10 ke BpeMs1, uMeeTcst MoTpeOHOCTh B CO3/1aHUN Oostee
TEXHOJIOTUYHOH OJHOKOMIIOHEHTHOH IIEMEHTHO-CHIINKAT-
HOW KpacKW, KOTOpas M3TOTaBIMBajach OBl B BUIE CYXOH
CMECH U TIPUTOTaBIMBAIACh HA CTPOUTEIHHON IUIOMIATKE C
UCTIONIB30BAaHHEM PYIHBIX CMECUTETICH.

Pe3ynpraTel mccnenoBaHuil, npuBeAeHHBIE B [5] TOKa-
3aJI1 BO3MOYKHOCTb ITPUTOTOBJICHHS] LIEMEHTHO-CHUIIMKATHON
KpPacCKH, BKJIIOYAIOLIEH BCE KOMIIOHEHTBl B BHUJAE CyXOH
cmecu. [Ipu 3TOM HCKIIFOYaeTcsi MpUMEHEHHE JKUIKOTO Ka-
JIMEBOro cTeKJa. B kauecTBe pacTBOPUMOro CTEKJIA UCIOJIb-
3yeTcst HOPOLIOK M'MPOCHIINKaTa HaTpusl. Bce KOMIIOHEHTHI
CMecCH BXOJSIIHe B 0a30BBIH COCTaB, BKIIOYast OEJIBIH MOpT-
JaHLEMEHT, THAPOCWIMKAT HaTpus, ¢docdar Harpus (3a-
MEIUINTENh KOaryJsiiui PacTBOPUMOTO CTEKJIA) U IIeode-
CTOMKHMH NMIMEHT CMEIIMBAIOTCS HA CTPOUTENHHOM IUIO-
iaIke ¥ BbLAEPKUBAIOTCSA B mpenenax 15-20 MuHYT i
obecrieueHns 6oJee MOHOTO PACTBOPEHHS THIPOCHIIMKATA
HaTpust. IloilydeHHBIM pPAacTBOp LEMEHTHO-CUIMKATHON
KPacKH 3aTBEpPAEBAET B 3aBUCUMOCTH OT comepkaHus doc-
(hara HaTpUsl B TeUEHHE MOJIYTOPa-ABYX YacoB. [lomydeHHoe
MOKPBITHE NPUOOPETAeT BOJOCTOMKOCTh uepe3 28 uacoB
TBEPACHUSL.

BBenenue B cocTaB cMecH 3aMeUIMTENs KOaryJsluu B
Buze Qocdara HATPUsT THAPOKCUA Kalbus, (OPMHUPYIO-
IIMHCS Ha TOBEPXHOCTHU YaCTHII TOPTIAH/IEMEHTA, B3aNMO-
JIelicTByeT ¢ 00pa3oBaHMEM TPyAHOpAcTBOpUMOro ¢ocdara
KaJTbITHSL:
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At the same time, there is a need for a more technologi-
cally advanced one-component cement-silicate paint, which
would be manufactured as a dry mix and prepared on the
construction site using hand mixers.

The results of studies given in [5] showed the possibility
of preparing cement-silicate paint, including all components
in the form of a dry mixture. In this case the use of liquid
potassium glass is excluded. Sodium hydrosilicate powder is
used as a soluble glass. All components of the mixture in-
cluded in the basic composition, including white Portland ce-
ment, sodium hydrosilicate, sodium phosphate (retarder of
coagulation of soluble glass) and alkali resistant pigment are
mixed at the construction site and kept within 15-20 minutes
to ensure more complete dissolution of sodium hydrosilicate.
The resulting cement-silicate paint solution hardens, depend-
ing on the sodium phosphate content, within one and a half
to two hours. The resulting coating becomes water-resistant
after 28 hours of curing.

The introduction of a coagulation retarder in the form of
sodium phosphate into the mixture calcium hydroxide
formed on the surface of Portland cement particles interacts
with the formation of calcium phosphate, which is difficult
to dissolve:
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3 Ca(OH), + 2 Na3PO4= Ca3(POs4), + 6 NaOH

®dochaT KaIbIUS CIEPKUBACT KOATYJSAIHIO PACTBOPHU-
MOTO CTEKJa JO0 MOJHOW ero HewWrpamu3Biuu Qocdara
HaTpusl. B mocnenyroieM B mpolecce ruipoiin3a 1 THpaTa-
[[UM MUHEPAJIOB MOPTJIAHIIEMEHTa ¢ 00pa30BaHUEM TUAPO-
CHJTUKATOB KAJBIHSI U KOAryJSIIUU THAPOCUIINKATA HATPUS
CMeCh KPUCTAJUTU3YETCs, 3aTBEPCBAET M COMPOBOKIACTCS
3HAYUTEIHHBIM CHUKEHHEM PACTBOPHMOCTH BCEH KOMITO3H-
UK. YUUTBIBAs TUAPOIU3 U THPATAIHMIO TIOPTIAH/IIEMEHTA
JIOTIOJIHUTEIPHOE ~ YIPOYHEHHE HAHECEHHOTO MOKPBITUS
obecreunBaeTcs NapauIeTbHON KapOOHM3alueld THAPOCH-
JIMKaTa HaTpus:

Calcium phosphate restrains the coagulation of soluble
glass until it is completely neutralized by sodium phosphate.
Subsequently, in the process of hydrolysis and hydration of
Portland cement minerals with the formation of calcium hy-
drosilicates and coagulation of sodium hydrosilicate, the
mixture crystallizes, hardens and is accompanied by a signif-
icant decrease in the solubility of the entire composition.
Taking into account the hydrolysis and hydration of Portland
cement additional hardening of the applied coating is pro-
vided by parallel carbonization of sodium hydrosilicate:

Na,Si03+ CO, = Si0,] + Na,COs

I'uapokcun xaneius, oOpa3yIOIUNACS MpU TUApPATALUU
IIEMEHTa, TalKOKe MOoJBepraeTcs kapOoHHU3aluu ¢ 00pa3oBa-
HHEM KapOoHaTa KaJbLys:

Calcium hydroxide formed during cement hydration also
undergoes carbonization to form calcium carbonate:

Ca(OH), + CO, = CaCOs3 + H,O

TakuMm 00pa3zoM, B Ipoliecce TBEPICHUS CHCTEMBI J1allb-
Hellee YIpOYHEHHUE U MTOBBIIICHUE BOJIOCTONKOCTH 00ecIe-
YHBAETCS POJOJDKAOLICHCS THAPATAINEH YaCTHIl [IEMEHTa
¢ o0pa3oBaHMEM MPOYHBIX M BOJOCTOHKHX HOBOOOpa3oBa-
HUIA, TPEUMYILECTBEHHO B BHJIC THAPOCHIMKATOB KAJbIIUS,
a TaKKe KapOOHHM3aIMel THIPOCUIINKATA HATPUS U THAPOK-
cHJia KaJbIusl.

AHanM3 ~ MHUKPOCTPYKTYpHl  LIEMEHTHO-CHUJIMKATHOW
Kpacku (puc. 8) mokazay KOHCOTUAUPYIOUIYIO POJIb XPHU30-
TUJIOBBIX BOJIOKOH B BsDKYIIEH Matpuiie [7], oOecneunBaro-
HIYI0 LEHTPbl KPUCTALIM3ALMHA ¢ (OPMUPOBAHHEM Ha IO-
BEPXHOCTH BOJIOKOH aMOP(HOI M KPUCTAIUINYECKON CTPYK-
TYpBl U OJHOBPEMEHHO MHKPOAPMHPYIOIIYIO COCTaBIISIO-
IIyI0, CIIOCOOCTBYIOIIYIO MOBBIIIEHHIO TPEIIMHOCTOHKOCTH
TTOKPBITHS.

Thus, in the process of system hardening, further harden-
ing and increase of water resistance is provided by continued
hydration of cement particles with formation of strong and
water-resistant new formations, mainly in the form of cal-
cium hydrosilicates, as well as carbonization of sodium hy-
drosilicate and calcium hydroxide.

Analysis of the microstructure of cement-silicate paint
(Fig. 8) showed the consolidating role of chrysotile fibers in
the binder matrix [7], providing crystallization centers with
the formation of amorphous and crystalline structure on the
surface of the fibers and at the same time microreinforcing
composition contributing to the crack resistance of the coat-
ing.

PUCYHOK 8

MUKPOCTPYKTYPA HEMEHTHO-CUJIUKAT-
HOI KPACKHU C XPU30THJIOBBIMHA BOJIOK-
HAMHU

Figure 8

Microstructure of cement-silicate paint with chrysotile
fibers
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HcnplTanne 1eMEHTHO-CHIIMKATHON KPacKH Ha TeIIo-
CTOMKOCTP B YCIIOBHUSIX MOBBIIICHHBIX TEMIIEPATYP [TOKA3AI0
BO3MOYKHOCTH €€ IKCIUTyaTaly mpu TeMmeparypax 1o 700
°C (puc. 9) 6e3 IpH3HAKOB MICTYIICHUS U OTCIOCHHS ITOKPHI-
THsI, 9YTO OOECHEUNBACT CO3/laHHE TEPMOCTOHKOIO COCTaBa,
MPUMEHEHHE KOTOPOTO BO3MOXKHO OKpAIIUBAHUS TOPSYMX
IIOBEPXHOCTEH.

Jist pacmmpenrs: QyHKIMOHAIBHBIX CBOMCTB B COCTaB
LEMEHTHO-CHJIMKaTHON KPacKH BBOJAWJICS HAHOJUOKCH]I TH-
TaHa, KOTOPBIA oOecreunBall CO31aHue CaMOOUYHIIAIOIIEeHCs
(orokaranusa. [y co3naHnsl KOMIIO3UIMH BCIIEJCTBHUE Ca-
MOOYMIIAIONICHCST Kpackh B COCTaB 0a30BOM KpacKu

The test of cement-silicate paint for heat resistance at el-
evated temperatures showed the possibility of its operation
at temperatures up to 700 °C (Fig. 9) without signs of peeling
and delamination of the coating, which provides the creation
of a heat-resistant composition, the use of which is possible
to paint hot surfaces.

To extend the functional properties, titanium nanodioxide
was introduced into the composition of cement-silicate paint,
which provided the creation of self-cleaning photocatalyst.
To create a composition due to self-cleaning paint, an active
photocatalyst was added to the composition of the base paint
to accelerate the slow decomposition processes of pollutants
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J00aBJISIICS aKTHBHBIN (DOTOKATAIM3aTOP, YCKOPSIOIIUHA 3a-
MEJUICHHBIC MPOLIECCHl PA3JIOKEHHs 3arpsi3HSIONINX Be-
IIECTB IIPH BO3JIEHCTBUU COJTHEYHOTO CBETA B yJIbTpaduoe-
TOBOM JHala3oHe Ha JIETKO CMbIBaeMble aTMOC(EPHBIMHU
0Ca/IKaMH pa3Jlararolirecs MpoayKThl (hOTOKaTaIn3a.

when exposed to sunlight in the ultraviolet range to decom-
posing products of photocatalysis easily washed away by at-
mospheric precipitation.

PUCYHOK 9

TEPMHYECKHE UCCJIETOBA-
HHUSI HEMEHTHO-CHAJINKAT-
HOM KPACKHU B HAT'PEBA-
TEJBHOMH MNEYU

TRI_20240216_054047

Figure 9

Thermal studies of cement-silicate
paint in a heating furnace.
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CyThb (OTOKATATUTHYECKOW PEaKIHU 3aKI0YaeTCs B
TOM, YJBTPAIUCIEPCHBIH HAHOAMOKCHI THTAHA, SIBIIAIO-
IIUHACS TOJYNIPOBOJHUKOM, MPU BO3AECHCTBUHU CONHEYHOTO
CBeTa Noryoaet GoToHsI B yIbTpadhHOIETOBOM AUAIIa30HE,
SHEPTHsl KOTOPBIX IOCTATOYHA [UIsl IEPeXo0/ia AIEKTPOHOB U3
BaJICHTHOW 30HBI B 30HY MPOBOJUMOCTH (BO30YXJIEHUE). B
pe3yJbTaTe TaKkoro nepexoja IEKTPOHOB € OJHOTO dHEpre-
THUYECKOTO YPOBHS Ha JAPYToil B BaJICHTHOH 30HE OPMUPY-
I0TCSI BAKAHCHH, T.€. 3aps/l OKa3bIBACTCs pa3zesieH Ha Iapbl
3JIEKTPOH-/IBIPKa, 00JaJalonIue CHIIHON BOCCTaHABINBAIO-
IIeH ¥ OKUCIISIONIEH CIIOCOOHOCTHIO.

[MTonoxxuTenpHBIE BakaHCHM OOECHEUMBAIOT CO3JaHUE
BBICOKOAKTHBHBIX THIPOKCHIBHBIX pagukanoB (OH) mpu
JabHEHIIeM B3aNMOACHCTBIH ¢ aTMOC(EpHON BIArou, 9To
Ba)XHO MpHU (POTOKATATUTUIECKOM paziokeHuu. IIpu sTom
AJIEKTPOHBI BCTYMAIOT B peakuuio ¢ Mojekyiaamu O, obpa-
3ys cynepokcuibl-anuonbl (O2). JIaHHbIE cOeMHEHHs, 00-
pa3oBaBiIrecs: B pesyibrate (oTokaranusa (THIPOKCHIb-
HBI€ PaJIUKaJIbl U CYIEPOKCH]I- HOHBI), BIISISICh OUEHb CHUIIb-
HBIMH OKHCIIMTENISIMH, CHOCOOHBI pasjiaraTb IIHPOKUI
CIEKTp OpPraHWYECKUX 3arps3HUTENICH, BKJIIOYas Kak MOo-
BEPXHOCTHBIE BEIIECTBA (CaXka, MbLIb, MACJIO), TAK ¥ OHOJIO-
rHYecKre opraHu3Mel (0akrepun, BUpychl) [8-11].

Hapsny c pasnokeHHeM OpraHWYecKHX 3arps3HUTENeH
npouecc (hoToKaTanu3a, T.e. HOrjomeHus Y dD-u3mydenus
(horokaTtamuzaTopoM TiO,, Taxke MPUBOANUT K 0Opa30BAHUIO
THAPOKCHIBHBIX Tpymn OH", MOBBIIIAIOMNX TTOBEPXHOCT-
HYO S9HEPTHIO TOKPBITHS U CIIOCOOCTBYIOIINX €T0 MOBBIMICH-
HOWM ruapoduiasHOCTH (puc. 10).

Mero OCHOBaH Ha HAHECEHHMHM OPraHUYECKOro IHr-
MeHnTa Pogamuna C (Mcnofib30BaH MPUHITUI JeTpaialliy op-
TaHWYECKOTro NMUTMEHTAa) Ha JiBa 00pa3lia HaHECEHHOW Iie-
MEHTHO-CHJIMKAaTHOHW Kpacku. [[jis skcriepuMeHTa ObUIN H3-
TOTOBJIEHHI JIBa cocTasa ¢ jobasnenueM 5% u 10% moporuka
(orokaranuzaropa. Pe3ynpraThl 3KCnepuMeHTa, MOATBEP-
JKZIAIOIIME JIeTpajalliio MUrMeHTa PomamuHa, mpencTas-
JeHsl Ha pucyHKe 11. BusyanpHas olleHKa OZHO3HAYHO T'O-
BOPHT O HYETKOW JAerpajaliiyl OpPraHMYEcKOTO ITUTMEHTa
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The essence of the photocatalytic reaction is that ultradis-
perse titanium nanodioxide, which is a semiconductor, when
exposed to sunlight absorbs photons in the ultraviolet range,
the energy of which is sufficient for the transition of elec-
trons from the valence zone to the conduction zone (excita-
tion). as a result of such a transition of electrons from one
energy level to another in the valence zone vacancies are
formed, i.e. the charge is divided into electron-hole pairs
with strong reducing and oxidizing ability.

Positive vacancies ensure the creation of highly active
hydroxyl radicals (OH) during further interaction with at-
mospheric moisture, which is important for photocatalytic
decomposition. At the same time, electrons react with O,
molecules to form superoxide anions (O*). These com-
pounds formed as a result of photocatalysis (hydroxyl radi-
cals and superoxide ions), being very strong oxidizing
agents, are able to decompose a wide range of organic pollu-
tants, including both surface substances (soot, dust, oil) and
biological organisms (bacteria, viruses) [8-11].

Along with the decomposition of organic pollutants, the
process of photocatalysis, i.e., absorption of UV radiation by
the TiO, photocatalyst, also leads to the formation of OH"
hydroxyl groups that increase the surface energy of the coat-
ing and contribute to its increased hydrophilicity (Fig. 10).

The method is based on the application of organic pig-
ment Rhodamine C (the principle of organic pigment degra-
dation was used) on two samples of applied cement-silicate
paint. For the experiment, two formulations were made with
the addition of 5% and 10% of photocatalyst powder. The
results of the experiment confirming the degradation of Rho-
damine pigment are presented in Figure 11. Visual evalua-
tion clearly indicates a clear degradation of the organic pig-
ment Rhodamine C after 2 days of exposure to ultraviolet
solar radiation in the field followed by exposure to precipita-
tion at 14 °C.
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Ponamuna C mocie 2 CyTOK BO3ACHCTBHS YJIbTPadHOICTO-
BOT'O COJIHEYHOTO M3JIy4EHHS B ITOJIEBBIX YCIOBHSX C ITOCIIE-
JIYFOIIIUM BO3ACHCTBHEM aTMOC(EPHBIX OCaIKOB IIPH TEMITC-
patype 14 °C

PUCYHOK 10

CXEMA ®OTOKATAJIMTUYECKOI'O
BO3JIEMCTBUSI HAHOJAMOKCHUJIA TUTAHA
HA IMOBEPXHOCTb LIEMEHTHO-CUJIUKAT-
HOM KPACKH

Figure 10

The scheme of photocatalytic effect of titanium
nanodioxide on the surface of cement-silicate paint.
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PUCYHOK 11

OBPA3IIbI HIEMEHTHO-CUJIMKATHOM
KPACKWU, IIOKPBITBIE OPTAHUYECKHUM
KPACHUTEJIEM «POJAMMH C»

a — nepej HCNBITAHUEM B MOJIEBBIX YCJI0BHUSAX,

0 — moc.s1e Bo3zielicTBHSA yIbTPagoa1eTOBOI0 H3ITY-
YeHHs OT COJTHeYHOI pagualuu ¥ MocaeTyIomux
aTMoc(epHbIX 0caIKOB

Figure 11

Samples of cement-silicate paint coated with organic
dye “Rhodamine C”

a - before testing in field conditions,

b - after exposure to ultraviolet radiation from solar
radiation and subsequent atmospheric precipitation

10%

Bce atr acmiekThl addexTa CaMOOYHUIIICHUS IPUBOIST K
CHIDKCHHUIO CTOMMOCTH OOCIYKMBaHHMS W JOJTOBEYHOCTH
I[BETOBBIX OTTEHKOB, YTO, CIIEOBATEIBHO, SIBJISETCS IKOHO-
MHYHBIM U 3CTETUYHBIM MPEUMYIIECTBOM HCIIOIB30BAHUS
¢orokaranmza HaHOTiO, IIEMEHTHO-CHIMKATHOW Kpacke.
Kpome Ttoro, ucciemoBaHusi TMOKa3bIBAIOT, YTO MOMHUMO
CBOMCTBa CaMOOYHUIIICHHS HAHOOKCH TUTAHA MOXKET TaKKe
CIOCOOCTBOBATh YCKOPEHHUIO THIpPATALUHM ITOPTIIAH/IIe-
MEHTa, OKa3bIBaeT BJIMSHUE HA YJIYYLICHUE JOJTOBEYHOCTH
[EMEHTHO-CHJIMKAaTHOM KpPacKH.

3akJ/ouenue

Takum o0pa3oM, pa3paboTaH OZHOKOMIIOHEHTHBIH CO-
CTaB I[EMECHTHO-CHJIMKATHON KpAacKM Ha OCHOBE Oeloro
NOPTJIAHLEMEHTA U THAPOCUIIUKATA HATPHS, B KOTOPOM OT-
CYTCTBYIOT JOpPOTOCTOSIIIME OKCHJ LHWHKA U KaJHeBOE

All these aspects of the self-cleaning effect lead to lower
maintenance cost and color durability, which is therefore an
economical and aesthetic advantage of using nanoTiO2
photocatalysis of cement-silicate paint. In addition, studies
show that in addition to the self-cleaning property, titanium
nanooxide can also help to accelerate the hydration of
Portland cement, has an effect on improving the durability of
cement-silicate paint.

Conclusions

Thus, a one-component composition of cement-silicate
paint based on white Portland cement and sodium hydrosili-
cate has been developed, in which expensive zinc oxide and
potassium liquid glass are absent. The composition is
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)kuakoe crekio. CoctaB mpenrnoliaraeTcs MPOU3BOIUTH B
BUJIC CyXOW CMECH, KOTOpas MOXKET OBITh NMpHUMEHCHA B
YCJIOBUSAX CTPOUTENIbHOM TUIOIIAIU C UCTIOJIb30BaHUEM CMe-
cutencii. BBeneHne B 0a30BBIH COCTaB KPACKH XPH30THIIO-
BBIX HAHOBOJIOKOH MO3BOJISIET UCIIOJIB30BATh €€ AJISl OKPaCKU
TOPSYMX TOBEPXHOCTEH, pabOTarIUX MPH TeMIepaTypax
110 700 °C. Mcnonb30BaHnEe HAHOAUCIIEPCHOIO IUOKCUA TH-
TaHa B COCTaBE I[EMEHTHO-CHIIMKATHOH KpacKd oOecredu-
BaeT CAMOOYHCTKY OKPAIIEHHOTO OKPBITHS BCIIeACTBHE (O-
TOKAaTAIUTUYECKUX PEAKLUUN Ha 3arpsA3HEHHON IOBEPXHO-
CTH.
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intended to be produced as a dry mix that can be applied un-
der construction area conditions using mixers. The introduc-
tion of chrysotile nanofibers into the basic composition of the
paint allows it to be used for painting hot surfaces operating
at temperatures up to 700 °C. The use of nanodispersed tita-
nium dioxide in the composition of cement-silicate paint pro-
vides self-cleaning of the painted coating due to photocata-
lytic reactions on the contaminated surface.
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