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AHHOTANUA

B cmamve npedcmasneno uccreoosanue pacaduol cUunuKamuol KOMnosuyuy, co30anHol Ha 0CHO8e 0MX0008 aeMmoKIA8-
HO20 cunukamuoz0 2azobemona. Onucan cnocob nepepabomxi 0mxo008 2a300emoHHO20 NPOU3B0OCHEA, OCHOBAHNbII HA U3-
MenbueHUuU ux 00 MOHKOOUCNEPCHO20 COCHOAHUSA C Yeblo NOCe0YIowe20 UCHONb306aH U 8 CIPOUNENbHBIX MAMEPUANAX 8
Kauecmee 3ameHumenst 00po2oCMOAWUX KOMROHEHIMO8, MAaKuX Kax benviil nopmaanoyemenm. Paspabomanuviii cocmas om-
AUYAEMCS MEXHOL02UHHOCIBIO, IKOHOMUYHOCIBIO U YIIYHULEHHBIMU IKCHILYAMAYUOHHBIMU XAPAKMEPUCTIUKAMU, BKIIOUAS bl-
COKYI0 RAPONPOHUYAEMOCHb, 8000CmOUKOCHb U meniocmouxkocmys 00 500 °C. [Ipednosicennas KomMnosuyus 0eMOHCIMPUpyem
XOpowyio adzesuio K MUHEPAanIbHbIM NOONONCKAM, YCIMOUYUBOCHIbL K AMMOCHEPHBIM 8030elicneUaM U 001208e4HOCmb. B pa-
bome npedcmasgienvl pe3yibmamol QUIUKO-XUMULECKO20 aHAU3A, NOOmEepIcoaioujue Qopmuposanue @ CmpyKkmype mame-
PUana nPoYHbIX COEOUHEHUU HA OCHOBE SUOPOCUNUKAIMOS Kalbyusa U cudpozpanamos. Ilonyuennsie pe3yiomamsl OMKpblEaom
nepCcnekmusbl 0 CO30AHUA IKOAOSUHECKU YCTNOUNUBLIX CIPOUMENbHBIX MAMEPUANo8 Ha baze peyukiuHea omxo008 syeu-
cmozo bemomna.

KJIFOUEBBIE CJIOBA: 2cazobemon, cmpoumenbHble Mamepuaivl, 0mxo0 npou3800Cmead, 0eKopamueHoe NoKpblmue

JJIs1 HUTUPOBAHMUSI: Sikones .M., Anrenuu 3.C., [lepymmn I'.H., Bypesaos A.®., [Tynos U.A., Kusizepa C.A., Jlucun B.A.,
Crip6oBa T.A. ®acagHas CHIIMKaTHAS KOMITO3UIMS HA OCHOBE OTXOJIOB SUEHUCTOTO Tra3ocwinkata // TeXHUKa M TeXHOJOTHS CHITUKATOB. —
2025.—T.32,Ne 2. — C. 164-172. DOI 10.62980/2076-0655-2025-164-172, EDN geeimc

Type of article - scientific article

OECD 2.05 Materials engineering EDN qgeeimc

PM MATERIALS SCIENCE, MULTIDISCIPLINARY DOI 10.62980/2076-0655-2025-164-172
THE FACADE SILICATE COMPOSITION ON THE BASIS OF THE WASTE CELLULAR
GAS SILICATE

Yakovlev G.I. !, Angelich Z.S. !, Pervushin G.N. !, Burjanov A.F. 2, Pudov L.A. !, Knyazeva S.A. !,
Lisin V.A.', Syrbova T.A. !

IKalashnikov Izhevsk State Technical University
ZMoscow State University of Civil Engineering (MGSU) National Research University.

ABSTRACT

The article presents a study of facade silicate composition created on the basis of autoclaved silicate aerated concrete
waste. The method of processing of aerated concrete production waste based on grinding them to a fine-dispersed state is
described. The finely dispersed waste of aerated concrete production was used in building materials as a substitute for expen-
sive components such as white Portland cement. The developed composition is characterized by processability, economy and
improved performance characteristics. The developed facade silicate composition has high vapor permeability, water re-
sistance and heat resistance up to 500 °C. This composition has good adhesion to mineral substrates, weather resistance and
durability. The paper presents the results of physicochemical analysis confirming the formation of strong compounds based on
calcium hydrosilicates and hydrogranates in the structure of the material. The obtained results open prospects for the creation
of environmentally sustainable building materials based on recycling of waste cellular concrete.
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BBEJEHUE

B Hacrosmiee Bpemst 60i1bp110€ BHUMaHNE YAEISIETCS MHO-
royHKIIMOHAJIBHBIM JIEKOPATHBHO-OT/ICIOYHBIM ~ CHJINKAT-
HBIM KOMIO3UIMAM. [ToMnMo gekopaTuBHOM QYHKINU Taknue
KOMITO3MLIMK O0JIaAal0T 3alIUTHBIMUA CBOMCTBaMH, SIBIISIFOTCS
aTMOc(hepOCTONKUMH, CTOHKMMHU K PAa3HOrO poja 3arpssHe-
HUSIM, BBIICP)KMBAIOT MEXaHWYECKHE HArPY3KH U SBILTFOTCS
JIONTOBEYHBIMH U PEMOHTOIIPUTOAHBIMU. JleKOpaTHBHO-0T/E-
JIOYHBIE CUJIMKATHBIE KOMITO3ULIUK HAHOCSITCSI HA KUPIIHNY, ra-
30ICHOOETOH WJIM 1IEMEHTHO-M3BECTKOBBIC IITYKATYPKH, I10-
3TOMY OHH JIOJDKHBI OBITH MApOIIPOHUIIAEMbIMH. BceM BbiliIe-
NepeyrCICHHBIM TPEOOBAaHMSIM B ITIOJIHOH MEpe OTBEYalOT CH-
JUKaTHBIE KpackH [1-5].

Pa3zHoBUAHOCTD s'9enCcTOro OETOHa - aBTOKJIABHBIW CHIIH-
KaTHBIH ra300e€TOH B OOJNBILCH CTENEHH HCIOJIB3yeTCs Kak
KOHCTPYKIIMOHHO-TEIUION30JSIIMOHHBII MaTepuain oyarogapst
CBOUM TEIJIOTEXHUYECKUM XapaKTePUCTUKAM (CpeIHsI IIIOT-
HOCTh OKo1o 500 kr/m®, Temwtonposomnocts - 0,12 Br/MK).
[Ipu mpom3BoACTBE SYEHCTOTO OeTOHa 00pa3yloTCcsl TBEPAbIC
OTXO/bl ¥ HEKOHJWLMOHHbIC M3AENHs, 00BEM KOTOPBIX CO-
CTaBJISIET, B 3aBUCUMOCTH OT UCIIOJIb3yEeMOH TEXHOJIOTHH, OT
1,6% no 15,4% ot o0Imiero KoJM4YecTBa BBIMTYCKAaEMOH Mpo-
nykmuu [6,12]. Ilpu 3ToM mpennpusTHs, TPOU3BOAAIINE U3-
JIeITHsI 3 STYEHCTOro OETOHA, €KEr0IHO OTIIPABIISIFOT B OTBAJIBI
ot 5 710 10 ThIC. KyOOMETPOB TBEPABIX OTXOIOB, B COCTaBE KO-
TOPBIX IPeo0IaaeT CIIoK OT cpe3a ropOymKku — opak, popmu-
pYyIOIIHMIicS BCIENCTBHE TPEIMHOOOPa30BaHMs MU 3arapke
W3JIeTMH B aBTOKJIaBaX, MOAPE3HON cII0i, 00pe3kH U 0oif ra-
30CHJIMKATHBIX M3/IEIIHH.

[TpuMeHeHne OTMEUYECHHBIX OTXOZOB B HACTOSIIEE BPEMs
CBOIIUTCS K YTEIUIIOMICH CTSDKKE TP YCTPOUCTBE TONOB [ 7],
3aChINKe IO OTMOCTKY WU (yHZaMeHT [8], B cocTaBe Jer-
Koro O0eToHa B KadecTBE 3allOJIHUTENS B BUie IIeOHs [7-9],
MIPU yCTPONCTBE APEHAXKHBIX MPOCIOEK B HAPYKHBIX CHCTE-
Max BOJOOTBEICHU. bosee npeanouTuTeIbHBIM MOXKET OBITH
PELUKIIMHT OTXO/IOB TIPOU3BOJICTBA CHIIMKATHOTO Ta300eTOHa
B IIPOIIECCE U3MEIBUCHUS 3THX OTXO0B 10 (hpakiuu Tpedye-
Mmoii BemuunHbl [10]. HeoOXoauMo OTMETHUTH, YTO OTXOJBI
MIPOM3BO/ICTBA ra300€TOHA COZEPKaT TUAPOCHIMKATHI U THI-
porpaHaThl, KOTOpBIE CBSI3aHbI C HAUIMYUEM B COCTAaBE CHIPhS
JUIS TIPOM3BOACTBA Ta300€TOHA I'MIPOKCHIA Kb U TOHKO-
MOJIOTOTO KBapIEBOTO IIECKA B COUETAHUH C Ta3000pa3oBare-
JIeM Ha OCHOBE aTIOMHUHHEBOH Iy IphI (puc. 1).

PUCYHOK 1

MUKPOCTPYKTYPA
I'ABOBETOHA:

(a) — 3amoJIHEHHe NOP KPHCTAJLIAMU THIPOCH-
JIMKATa KaJbIHs,

(0) — cTPYKTYpa KpPUCTAJJIOB T'HAPOCHINKATOB
kaabuusa npu 10000-kpaTHOM yBeTHYeHUH

CUJIMKATHOI'O

Figure 1

Microstructure of silicate aerated concrete:

(a) — filling of pores with calcium hydrosilicate
crystals,

(b) — structure of calcium hydrosilicate crystals
at 10,000-fold magnification

Cpenu CrHekTpa MPOAYKTOB THApAaTalud, (OPMHUPYIO-
IIMXCSl TIPU aBTOKJIABHOW 00pabOTKe W3BECTKOBO-IIECUAHOI

INTRODUCTION

Currently, much attention is paid to multifunctional deco-
rative and finishing silicate compositions. In addition to the
decorative function, such compositions have protective prop-
erties, are weather-resistant, resistant to various types of pol-
lution, withstand mechanical loads and are durable and repair-
able. Decorative and finishing silicate compositions are ap-
plied to brick, aerated concrete or cement-lime plasters, so
they must be vapor-permeable. Silicate paints fully meet all of
the above requirements [1-5].

A type of cellular concrete - autoclaved silicate aerated
concrete is used to a greater extent as a structural and thermal
insulation material due to its thermal characteristics (average
density of about 500 kg/m3, thermal conductivity - 0.12
W/mK). During the production of cellular concrete, solid
waste and substandard products are generated, the volume of
which, depending on the technology used, ranges from 1.6%
to 15.4% of the total amount of manufactured products [6,12].
At the same time, enterprises producing products from aerated
concrete annually send to waste dumps from 5 to 10 thousand
cubic meters of solid waste, which is dominated by the layer
from the cut of the crust - a defect formed as a result of crack-
ing during the steaming of products in autoclaves, the undercut
layer, trimmings and breakage of aerated concrete products.

The use of the noted waste is currently limited to insulating
screeds when installing floors [7], backfilling under a blind
area or foundation [8], as part of lightweight concrete as a filler
in the form of crushed stone [7-9], and when installing drain-
age layers in external drainage systems. It may be more pref-
erable to recycle waste from the production of silicate aerated
concrete in the process of crushing this waste to a fraction of
the required size [10]. It should be noted that waste from the
production of aerated concrete contains hydrosilicates and hy-
drogarnets, which are associated with the presence of calcium
hydroxide and finely ground quartz sand in the composition of
the raw materials for the production of aerated concrete in
combination with a blowing agent based on aluminum powder

(Fig. 1).

a(a)

Among the range of hydration products formed during
autoclave treatment of lime-sand mixture, the most effective
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cMecH, Hanbosee 3G GEKTUBHBI C TOUYKH 3PCHUS TOBBIIICHHOM
MPOYHOCTH SYEUCTOTO Ta30CHIINKATa HU3KOOCHOBHBIE THAPO-
CHJIMKATHI KTbIHs ¢ cooTHomeHueM Ca0:Si0; paBubM 2:3 1
HIKE. DTO TUPOJIUT, KCOHOIHT, ToOepmoput 11,3 A [11]. Or-
MeYeHHBIC (a3bl B COCTaBE SYCHCTOI'O Ta300€TOHA, KaK Ipa-
BIJIO, SIBIISTIOTCS TAKXKE CTPYKTYPOOOPa3YIOMIUMU TIPHU THIPA-
Tauu nmopTiananeMenta. ClieZioBaTeIbHO, B KOHTAKTE C pac-
TBOPUMBIM CTEKJIOM, HallpUMep, HATPHEBBIM, OHH OYAYT MPO-
SBIISITH ce0sI KaK KOaryJsiTopsl TBepaeHus [13].

Kpowme Toro, n3BecTHO, 4TO B BSDKYIIHX MAaTPHIIAX THAPO-
CIJIMKATHI KaJbLMs CITy’KaT LEHTPaMH KpUcTaumu3anud [ 14-
17,20], uto obecreynBaeT BO3MOXHOCTh UX MPUMEHEHUS HE
TOJIBKO B KaueCTBE KOAryJIHPYIOIIET0 KOMIIOHEHTa CHUIIMKAT-
HOW KOMITO3HUIIMH, HO ¥ B KAYECTBE aKTUBHBIX KOMIIOHCHTOB.

Ha ocHoBanuu 3Toro0, B paboTe mpeiaracTcs UCHOIb30-
BaTh MOJIOTBIC OTXOJbI CHJIMKATHOTO Ia300€TOHA B KAueCTBE
OCHOBBI (hacaTHON CHIIMKATHOM kommno3unud [ 10] B3amMeH no-
POTOCTOSIIETO OETOT0 MOPTIAHIICMEHTA.

Martepuajbl M1 MeTOABI HCCJIEJOBAHUIA

OcHoBHas 3a7a4ya MPOBEJCHHBIX UCCIICIOBAHNAN 3aKITFO9a-
Jach B YCTAaHOBJIICGHWH 3aKOHOMEPHOCTEH (QOpPMHPOBAHUS
CTPYKTYpPHI (pacagHOTO MOKPHITHS Ha OCHOBE TOHKOHM3MEIh-
YEHHOTO OTXO0Ja MPOW3BOICTBA CHIMKATHOTO Ta300eToHa
PacTBOPUMOTO THAPOCHIIMKATA HATPHS, a TAaKXKE YCTaHOBIIC-
HHUE B3aWMOCBSI3U CTPYKTYpPbl CO CBOMCTBAMHU HCCIEAYEMOU
KOMIIO3HITUH.

Pa3pabaTbiBacmast cyxas CMeCh Ui HPUTOTOBJICHUS (a-
CaJIHOTO MOKPBITHS UMEET MPEUMYIIECTBO MEPe/] TPAAUI[UOH-
HbIMU cocTaBamu [10], T.K. B3aMEH JOPOTOCTOSIIUX OEIIoro
MOPTIAH/AIIEMECHTA ¥ KUIKOTO KAJIMEBOTO CTEKIIA B HEW TIpe/I-
JIaraeTcs MCIOb30BaTh PACTBOPUMBIN ITOPOIIOK THIPOCHITH-
KaTa HATPUS U TOHKOW3MEIBUYCHHBIN TIOPOIIOK, MTOyYCHHBIH
W3 MOJIOTBIX OTXOJOB TPOWM3BOJCTBA CHIMKATHOTO ra3o0e-
ToHA. OT M3BECTHBIX BYXKOMIIOHEHTHBIX MaJOTEXHOJIOTHY-
HBIX COCTaBOB B BHJE CHIIMKATHON KPacKH C OKCHIOM ITMHKA
M JBYXKOMIIOHEHTHOH LEMEHTHO-CHJIMKaTHOW Kpacku [18]
pa3paboTaHHAs KOMITO3HUIUS OTJIMYAETCS BO3SMOKHOCTBIO H3-
TOTOBJICHHS B BHJIE CyXOW CMECH, KOTOPYIO Mepe/l MpHUMeHe-
HHEM MOKHO PaCTBOPHUTH B BO/IE.

B HacTosilieM HCCIeNOBaHWU B KOMIIO3UIIUH HCIIOJIB30-
BaJICS OTXOJI Ta30CHIMKaTHOTO OeToHa Mapku 500, mpou3Bo-
JuMoro M KeBCKIM 3aBOJIOM ra300eTOHHBIX 0s0koB "Hapo-
Heiid kameHp" (Folkstone). YauTeiBasi CymecTBEHHYIO CTOU-
MOCTBH 0€JI0r0 TOPTIAHICMEHTa B CPaBHEHUU TPaIUIHOH-
HBIM MOPTIAHAIIEMEHTOM U HU3KYIO OTITYCKHYIO CTOMMOCTB
OTXOJIOB CHIIMKATHOTO Ta300eTOHa, 00ecreunBacTcs YKOHO-
Mudeckasi 3G peKTHBHOCTh MPOU3BOACTBA CHIMKATHON KOM-
MTO3UIINN.

JI1s IpUTOTOBIICHUS CHITMKATHON KOMITO3UIIMY TIPUMEHEH
0a30BBIi COCTAB IIEMEHTHO-CHIIMKATHOM Kpacku [19], B koTo-
poii B3aMeH 6e10ro MopTIaHAIIeMEHTa HCIIOIh30BAJICS TOHKO-
W3MEJTBUYCHHBIN MOPOIIIOK CHIIMKATHOTO ra3oberona. [Ipensa-
PHUTEIHHO OTXO/Ibl CHIIMKATHOT'O ra300€TOHA M3MEIbYAINChH Ha
IICKOBOM IPOOHIIKE C IMOCIEAYIOIIAM TOMOJIOM Ha JHCKOBOM
uctuparene UJ1-200. ucnepcHOCTh MOIyYEHHOTO MOPOIIKA
cocraisiia 2-100 MM (puc. 2a).

OOHEM W3 OCHOBHBIX KOMITOHEHTOB KOMIIO3HIIUH SIBIISI-
€TCsI CyXOW TMOPOIIOK THIPATHPOBAHHOTO CHJIMKATa HATPHS
kommaanu OO0 «Jlaiicany, BRIMYIICHHBIA B COOTBETCTBHH C
TV 20.13.62-060-00883732-2019, otBeuarommuii TpebOBa-
HusM TV 20.13.62-001-06051139-2020.
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in terms of increased strength of cellular gas silicate are low-
basic calcium hydrosilicates with a CaO:SiO; ratio of 2:3 and
lower. This is gyrolite, xonolite, tobermorite 11.3 A [11]. The
noted phases in the composition of cellular aerated concrete,
as a rule, are also structure-forming during the hydration of
portland cement. Consequently, in contact with soluble glass,
such as sodium glass, they will act as hardening coagulants
[13].

In addition, it is known that in binder matrices calcium
hydrosilicates serve as crystallization centers [14-17,20],
which makes it possible to use them not only as a coagulating
component of a silicate composition, but also as active
components.

Based on this, the paper proposes to use ground waste
silicate aerated concrete as the basis for a facade silicate
composition [10] instead of expensive white portland cement.

Materials and research methods

The main objective of the conducted research was to
establish the patterns of formation of the structure of the facade
coating based on finely ground waste from the production of
silicate aerated concrete and soluble sodium hydrosilicate, as
well as to establish the relationship between the structure and
the properties of the composition under study.

The dry mixture being developed for preparing facade
coating has an advantage over traditional compositions [10],
since instead of expensive white portland cement and liquid
potassium glass, it proposes to use soluble sodium
hydrosilicate powder and finely ground powder obtained from
ground waste from the production of silicate aerated concrete.
The developed composition differs from the known two-
component low-tech compositions in the form of silicate paint
with zinc oxide and two-component cement-silicate paint [18]
by the possibility of production in the form of a dry mixture,
which can be dissolved in water before use.

In this study, the composition used waste aerated concrete
grade 500, produced by the Izhevsk aerated concrete block
plant "Folkstone". Taking into account the significant cost of
white portland cement in comparison with traditional portland
cement and the low selling price of silicate aerated concrete
waste, the economic efficiency of the production of silicate
composition is ensured.

To prepare the silicate composition, a basic composition of
cement-silicate paint was used [19], in which finely ground
silicate aerated concrete powder was used instead of white
portland cement. The silicate aerated concrete waste was first
crushed in a jaw crusher and then ground in an ID-200 disc
grinder. The dispersion of the resulting powder was 2-100 um
(Fig. 2a).

One of the main components of the composition is dry
powder of hydrated sodium silicate from Laysan LLC,
produced in accordance with TU 20.13.62-060-00883732-
2019, meeting the requirements of TU 20.13.62-001-
06051139-2020.
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CUNHKaTHBIM MOy b IPOIYKTa BapbupyeTcs ot 2,8 10
3,4. MaccoBas 107151 KOMIIOHEHTOB, COTJIaCHO IAacIopTy Ka-
4yecTBa, COCTaBIsAeT Al okcuna HaTpus (NaO) - 24,13% u
nmuokcuaa kpemuus (Si0;) - 70,83%. MukpocTpykTypa ruj-
pOCHIIMKATa HaTpUs IpeACTaBlIeHa Ha PUCYHKe 3.

PUCYHOK 3

MUKPOCTPYKTYPA 'NAPOCUJIUKATA HATPUSI

Figure 3

Microstructure of sodium hydrosilicate

OnTuManbHBIA COCTaB, UMEIONIUI HEOOX0IUMOE CIICT-
JICHUE ¢ MMHEPAJIbHOH MOBEPXHOCTHIO, BOJOCTOHKOCTHIO U
OTCYTCTBHUEM MEJIEHHS, BKIIFOUYAET MOJIOTBII OTXOJ HMpPOU3-
BOJICTBA CHJIMKaTHOTO ra3o0eroHa - 25 T, THAPOCHIMKAT
HaTpus - 15 T, MuKkpokamsIuT - 9 T, Pocdar HaTpuUs - 6 T.
JL1 KonepoBaHUs UCIIOJIb30BAJICS IET0YECTONKHIA TUTMEHT
KpacHOTo 1BeTa - 2,5 r. CMech BceX KOMIIOHEHTOB IEPETH-
panack B auckoBoM uctupareie MJ1-200 u 3aTBopsiiack Bo-
noit ¢ remneparypoit 20 °C 10 0THOPOAHON KOHCHCTEHITUH.

KomrutekcHble (pU3MKO-XMMUYECKHE HCCIIEIOBAHUSI CO-
CTaBOB OBUIM IPOBENEHBI C NpuUMeHeHHeM uddepeHin-
IPHO-CKaHUPYIOUIas KaJIOPUMETpHst W HMH(paKkpacHOTro
criekTpaibHOro aHanmusa. JluddepeHnmnansHO-CKaHUPYIO-
masi KaJOpHUMETpPHsl TPOBOJMIAcCE Ha JepuBarorpade
TGA/DSCI1 Starsystem npousBojacta Mettler Toledo B nua-
nazone Ttemmeparyp ot 60°C mo 1100°C co ckopocThio
Harpesa 30°C/mun. UK-criekTpanbHBIH aHAIH3 TIPOBOIWIH
Ha cnekTpomerpe IRAffinity-1 mpomsBoacTBa Shimadzu B
obmactu gactor 400 — 4000 cm.

N3yueHne MHUKPOCTPYKTYpPBI BBINOIHSINCH METOAOM
CKAHUPYIOIIEH 3JIEKTPOHHOM MHUKPOCKONHU U 3HEPIoO-IHC-
MEPCHOHHOW PEHTI€HOBCKON CIIEKTPOCKOITMH Ha CKAHUPYIO-
meM 3JIeKTpoHHOM MuKpockorne Thermo Fisher Scientific
Quattro S ¢ npUCTaBKOM AJI YIHEPTO-TUCTIEPCUOHHOI PEHT-
renoBckoi cnekrpockonuu EDAX Octane Elect Plus EDS
System. MccnenoBanus npoBouiiuck B LleHTpe KOIIeKTHB-
HOTO IT0JIb30BaHMsl «I10BEpXHOCTH M HOBBIE MaTEpHAaIbD»
npu Yam®UL] YpO PAH (r. xesck, Poccns).

-
wn

10 50 1
Particle Diameter {ym)

The silicate modulus of the product varies from 2.8 to 3.4.
The mass fraction of components, according to the quality
certificate, is 24.13% for sodium oxide (Na,O) and 70.83%
for silicon dioxide (SiO;). The microstructure of sodium hy-
drosilicate is shown in Figure 3.

The optimal composition, which has the necessary adhe-
sion to the mineral surface, water resistance and absence of
chalking, includes ground waste from the production of sili-
cate aerated concrete - 25 g, sodium hydrosilicate - 15 g, mi-
crocalcite - 9 g, sodium phosphate - 6 g. For tinting, an alkali-
resistant red pigment was used - 2.5 g. The mixture of all
components was ground in a disc grinder ID-200 and mixed
with water at a temperature of 20 °C until a homogeneous
consistency was achieved.

Comprehensive physicochemical studies of the composi-
tions were carried out using differential scanning calorimetry
and infrared spectral analysis. Differential scanning calorim-
etry was performed on a TGA/DSCI1 Starsystem deri-
vatograph manufactured by Mettler Toledo in the tempera-
ture range from 60°C to 1100°C with a heating rate of
30°C/min. IR spectral analysis was performed on a Shi-
madzu IRAffinity-1 spectrometer in the frequency range of
400-4000 cm™.

The microstructure was studied using scanning electron
microscopy and energy-dispersive X-ray spectroscopy on a
Thermo Fisher Scientific Quattro S scanning electron micro-
scope with an EDAX Octane Elect Plus EDS System energy-
dispersive X-ray spectroscopy attachment. The studies were
conducted at the Center for Collective Use “Surface and New
Materials” at the UdmFRC UB RAS (Izhevsk, Russia).
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Pe3yJ’ILTaTBI H 06cym11e}me

Jlna uccnenoBaHus CBOMCTB MOJYYEHHOM KOMIIO3UIMU
ObUTM MOArOTOBJIEHBI 00pa3lbl cOCTaBa, KOTOPhIE HAHOCH-
JIMCh Ha TIOBEPXHOCTh CTEKJISIHHBIX IUIACTUH MOCJIE 3aTBOPE-
HUSI BOJIOH M BBIAEPKMBaHUS B TeueHne 20 MUHYT Ju1st Oostee
TIOJTHOTO PAacTBOPEHUS] TMAPOCHINKAaTa HaTpus. TommmuHa
CHJIMKATHOTO ITOKPBITHS IIPH HAaHECEHNH He npeBbimana 150
MKM (pHc. 4 a), 4TO 00eCIIeUNBAIOCh 3@ CUET UCIIOIB30BAHUS
anmumkatopa Koncranra KAY 2 ¢ perymipyeMbiM 3a30poM.
Kpucramnoruapatsl B CTPYKType CHIIMKAaTHONW MAaTpPHUIIBI
MpeacTaBJIeHbl Ha puc. 4 6.

Ku3HecnocoOHOCTh KOMIO3HUIIMK PEryJIMpoBajiach CO-
nepxanreM docdara HATPUS U, IPH HEOOXOAUMOCTH, MOTJIa
npocturath 90 MuH. OT0 00BSCHSIETCS TEM, YTO IIPU 3aTBOPE-
HUU CYXOH OTJCIOYHON CMECH BOJION MPOUCXOIUT OIIOKUPO-
BaHME [TOBEPXHOCTH KPHUCTAIUIOB TMIPOCHIMKATOB KaJIbLIUs
¢ocdarom Hatpus. Bzaumoneticteue pocdara HaTpus uner
M0 TTIOBEPXHOCTH THIPOCHIIMKATOB KaJbIHS C BO3MOXKHBIM
00pa3zoBaHNEM TPYAHOPACTBOPUMBIX cOeqUHEHHH (ocdara
KaJlbL¥sl, MPEIOTBPAIIAIOIINX MTHOBEHHYIO KOAryJISLUIO
PacTBOPSAIOMIErOCS THAPOCHINKATA HATPHSL.

2Ca0-Si0,-H,0 + NazPO4 — Ca3(PO4)2 + SiO, + H,O

[Mpouecc koarymsuu 3aMeIsIeTCs IPU CHUKEHUH KOH-
neHTpanuu cBoboxHoro ¢ocdara Hatpus. Ilocne momHOTO
ucueprnanus pocdara HaATPHUS B COCTABE KOMITOZUIMH IIPO-
HUCXOOUT KOaryJisiqusa pacTBOPUBIICTOCA THUAPOCHIIMKATA
HaTpHs, COMPOBOXKAAIOIIA’CS CXBaTHIBAHUEM DPacTBOpa U
MOCIEAYIOMEH KPUCTAIUIM3AUMEN C 3aTBepJeBAaHUEM CH-
creMsl (puc. 4 0), ¥ 3HAYUTENBEHBIM CHHXKEHHUEM PacTBOPH-
MOCTH BCEH KOMIIO3UIIHH.

PUCYHOK 4

MUKPOCTPYKTYPA CKOJIA CUJIUKAT-
HOM KOMITIO3HUIIAH:

(a) — HAa NOBEPXHOCTHU CTEKJISIHHOI MOAJI0XKKH,
(0) — KpucTAJLIOrHIPAaTHbIE HOBOOOPa30BAHUS
B CTPYKTYpe CHJIMKATHOI MaTpHIIbI

Figure 4

Microstructure of clipped silicate composition:
(a) — on the surface of the glass substrate,

(b) —crystal hydrate formations in the structure
of the silicate matrix

JlomoHUTENEHOE YIPOYHEHNE HAHECEHHOTO ITOKPBITHS
obecrieunBaeTcsl MapauIeIbHOW KapOOHHM3aIMeH THIPOCH-
JMKATOB CHJIMKATOB KAJIBLIUS U CHIIMKATa HATPHS:

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

TakuMm 00pa3om, B Ipoliecce TBEPACHUS CUCTEMBI YITPOU-
HEHHUE U MOBBIIIEHNE BOJOCTOWKOCTH 00ECIIeYrBaeTCsl Mpo-
JIOJDKAIOLIEHCs Koaryisiuueid U kapOOHU3anne CHCTEMBI C
00pa3zoBaHUEM ITPOYHBIX M BOAOCTOWKNX HOBOOOPa30BaHUH.

DOHEpProUCIepCHOHHbIH  aHAJM3 3JIEMEHTOB MHKpO-
CTPYKTYPBI CHJIMKAaTHOM Kpackd MOITBEPIMI TPEIIIOKEH-
HYIO BBIIIE CXEMY THIpPATAIlMH KPACKH HA OCHOBE MOJIOTOTO
CHJTMKAaTHOTO Tra300eToHa.

Cynst o pe3yJibTaTaM SHeproANCIIepCHOHHOTO aHAJIH3a,
B CTPYKType MaTepuayia (GOpMHPYIOTCS HOBOOOpPA3OBAHHUS
Ha OCHOBE T'HAPOCUIIMKATOB KaJbLUs HU3KOH OCHOBHOCTH U
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Results and discussion

To study the properties of the obtained composition, sam-
ples of the composition were prepared, which were applied
to the surface of glass plates after mixing with water and
holding for 20 minutes for more complete dissolution of so-
dium hydrosilicate. The thickness of the silicate coating dur-
ing application did not exceed 150 um (Fig. 4 a), which was
ensured by using the Constant KAU 2 applicator with an ad-
justable gap. Crystal hydrates in the structure of the silicate
matrix are shown in Fig. 4 b.

The viability of the composition was regulated by the so-
dium phosphate content and, if necessary, could reach 90
minutes. This is explained by the fact that when the dry fin-
ishing mixture is mixed with water, the surface of the cal-
cium hydrosilicate crystals is blocked by sodium phosphate.
The interaction of sodium phosphate occurs on the surface of
calcium hydrosilicates with the possible formation of poorly
soluble calcium phosphate compounds that prevent instant
coagulation of the dissolving sodium hydrosilicate.

M

The coagulation process slows down as the concentration
of free sodium phosphate decreases. After the sodium phos-
phate in the composition has been completely exhausted, co-
agulation of the dissolved sodium hydrosilicate occurs, ac-
companied by the setting of the solution and subsequent
crystallization with hardening of the system (Fig. 4 b), and a
significant decrease in the solubility of the entire composi-
tion.

a(a)

6(b)

Additional strengthening of the applied coating is en-
sured by parallel carbonization of calcium silicate hydrosili-
cates and sodium silicate:

2

Thus, during the process of hardening of the system,
strengthening and increasing water resistance is ensured by
the continuing coagulation and carbonization of the system
with the formation of strong and water-resistant new for-
mations.

Energy dispersive analysis of the elements of the micro-
structure of silicate paint confirmed the above-proposed
scheme of paint hydration based on ground silicate aerated
concrete.

Judging by the results of energy-dispersive analysis, new
formations based on low-basicity calcium hydrosilicates and
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THIPOATIOMOCHIIUKATOB KaJbI[Us, W3BECTHBIE TAaKKE Kak
TUAPOTrpaHaThl (pUc. 5), 00ECICUNBAIOIIYIO BRICOKYIO MPOY-
HOCTh U aTMOC(EPOCTONKOCTE MOJYIEHHOTO MOKPBITHS.

PUCYHOK §

calcium hydroaluminosilicates, also known as hydrogarnets
(Fig. 5), are formed in the structure of the material, ensuring
high strength and weather resistance of the resulting coating.

18122024 | Gasbeton | Area 1 | Selected Area 1
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SHEPIOJUCIEPCHOHHBIA  AHAJINA3
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Energy dispersive analysis of crystal hy-
drate new formations in the structure of
silicate matrix

C menpio OLEHKH aTMOC(EpOCTONKOCTH MOKPHITHS OBLIH
npoBeneHsl UK-criekrpanpaeiit n anddepeHnaaIbsHO-TepMHE-
YEeCKHUI aHaIN3 3aTBEPAEBIIETO COCTAaBA IIOKPHITHS B BO3PACTe
28 CyTOK.

Ha MK cnekTpe CHIMKAaTHOTO MOKPHITUS B Bo3pacTe 28
JHel (puc. 6) oTMevaercs mpeoliajaHue JUHUN MOTIONCHHS
B 0Omacty yacToT oT 1446,6 cm™! 1o 1419,6 em! u 873,7 em!,
COOTBETCTBYHONIMX KapOoHaty kanbius CaCOs, KOTOpEIi Gop-
MHpYeTCs IpY KapOOHHU3aLMK PaCTBOPUMOTO CTEKJIa M CUIINKA-
TOB Kayblius. Ha criekTpe Tak:ke 0OTMEUEHO HAJTHYUE TIHHUMA 110-
rionieHus B o6mactu yactot 1116,78 em™!' 1o 1045,42 cm!, xa-
PaKTEepHBIX ISl TUAPOCWIMKATOB Kanblus. TakuM oOpa3oM, B
nporecce GopMUPOBaHUS CTPYKTYPHI MOKPHITHE KapOOHH3H-
PYeTCs, 94TO TO3BOJISIET TIOBBICUTH €0 BOJAOCTONKOCTH M MPOY-
HOCTHBIE XapaKTePUCTHKH, CIIOCOOCTBYIOIINE OBEIIICHHIO aT-
MOC(HepOCTONKOCTH OKPBITHS U €T0 JOJATOBEYHOCTH.

PUCYHOK 6
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In order to assess the weather resistance of the coating,
IR spectral and differential thermal analysis of the hard-
ened coating composition at the age of 28 days were car-
ried out.

The IR spectrum of the silicate coating at the age of 28
days (Fig. 6) shows a predominance of absorption lines in
the frequency range from 1446.6 cm™ to 1419.6 cm™ and
873.7 cm’!, corresponding to calcium carbonate CaCOs,
which is formed during the carbonation of soluble glass
and calcium silicates. The spectrum also shows the pres-
ence of absorption lines in the frequency range of 1116.78
cm’! to 1045.42 cm’!, characteristic of calcium hydrosili-
cates. Thus, during the process of structure formation, the
coating is carbonized, which allows to increase its water
resistance and strength characteristics, contributing to the
increase of the weather resistance of the coating and its
durability.

CIIEKTPbI CWINKATHOI'O ITOKPBITUS
B Bo3pacte 28 aHeit

Figure 6

Silicate coating spectra at the age of 28 days

Hasnnune xapOOHATOB KajbL¥s MMOATBEPKIACTCS CIICK-
Tpamu quddepeHIHaTBPHO-TEPMAYIECKOTO aHammu3a (puc. 7).
Ha nepuBatorpamme mmeercst s3HIOTepMUIecKuil 3 dekT B
obmacti remneparyp 408-500 °C, xapakTepHBIi 17 1eTH-
paTtamuy o — TUApaTa IBYXKaJbIUEBOTO CHIMKATa U JeKap-
OoHm3anmsi KapOoHaTa KajibIlMs B OOJIACTH TEeMIEpaTyp
874,5 °C [11]. Cyas o TepMorpaMmme, OTyYeHHBIH COCTaB
Croco0eH paboTaTh IpH BO3AEHCTBUHU BHICOKHX TEMIIEpATyp
110 500 °C, He Tepss dKCILTyaTallMOHHBIX cBOWCTB. Hanmnune
OTMEUYEHHBIX SHAOTEPMUYECKHX IP(PEKTOB JOMOTHUTEIBHO
MOJATBEPXKIAET JaHHbIe, rmoinydeHHsle npu MK-cnekrpans-
HOM aHajM3e. AHaJIN3 MOPHUCTOCTH CHIIMKATHOW KOMITO3M-
IIUH TI0 Pe3yIbTaTaM HCCIIEIOBAHMSI MUKPOCTPYKTYpPHI (pHC.
4) mpeamoraraer mapo- W MaccOOOMEH MOKPBHITHS depes

The presence of calcium carbonates is confirmed by dif-
ferential thermal analysis spectra (Fig. 7). The derivatogram
shows an endothermic effect in the temperature range of 408-
500 °C, characteristic of the dehydration of a-hydrate of
dicalcium silicate and the decarbonation of calcium car-
bonate in the temperature range of 874.5 °C [11]. Judging by
the thermogram, the resulting composition is capable of op-
erating under high temperatures up to 500 °C without losing
its performance properties. The presence of the noted endo-
thermic effects additionally confirms the data obtained from
IR spectral analysis. The analysis of the porosity of the sili-
cate composition based on the results of the microstructure
study (Fig. 4) suggests vapor and mass exchange of the coat-
ing through the layer of the applied coating. In this case, the
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CJIOMl HAHECCHHOTO MOKpbITHs. [Ipu 3TOM mapompoHHUIac-
MOCTh KPAaCOYHOT'O CJIOSl OMpEICICHHAs B COOTBETCTBUU C
I'OCT 33355 cocrasuna 660 r/m>-cyt., k1acc V1, Bogoro-
romenue 0,102 kr/(m2-4®),

vapor permeability of the paint layer determined in accord-
ance with GOST 33355 was 660 g/m?-day, class V1, water
absorption 0.102 kg/(m?-h%%).
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Ilpy HaHECEHWH CHIIMKATHOTO KOMIIO3WTa Ha CTEKJISH-
HYI0 OCHOBY OTMEYEHO XOpOIllee CIEMJICHHE C MOBEPXHO-
CThIO uepe3 24 yaca (aare3usi CUITUKATHON KOMITO3HIIUH 110
METOJy pelieTyaThiXx HAJAPE30B cocTaBmia 1 0amn), oTCyT-
CTBHE MEJIEHUsSI U BOJOCTOMKOCTh MOKPBITHS.

[{Bet nokpbITUs (prc. 8) OMpeessUICsS IPUMECIMHE B CO-
CTaBe OTXO/I0B ra3o0eToHa. [Ipu KoJiepOBaHUU KOMITO3UIIUU
IIEI0YECTOUKHAM MTUTMEHTOM (pHC. 8 B) TAaK)Ke OTMEYEHO OT-
CYTCTBHE HICTYIICHUS TIOBEPXHOCTH KPACOYHOTO COCTABA.

PUCYHOK 8

BHEIITHWI BAJI ITOKPBITUSA ITPU HAHECEHHUN
HA CTEKJISIHHYIO NIOJJIOXKKY:
(a) - HEeMEeHTHO-CUJIMKATHOI NOKpbITHE (COCTAB U3

[16]),
(0) — mMOKpBITHE HA OCHOBE O0TX0/0B CUJIMKATHOI'O ra30-

0eToHa,
(B) — K0JIepOBaHHOE MOKPBITHE HA OCHOBE OTXO/IOB CH-
JIMKATHOTO0 ra300eToHa

Figure 8

Appearance of the coating when applied to a glass sub-
strate:

(a) - cement-silicate coating (composition from [16]),
(b) — coating based on waste silicate aerated concrete,
(c) — tinted coating based on waste silicate aerated con-
crete

3akiouenue

Pa3paboTaHHbIA COCTAaB IEKOPaTUBHOTO (hacagHOro MOo-
KPBITHSL HA OCHOBE MOJIOTOTO SYEHUCTOTO Ta30CHIIMKaTaTa 1
THIPOCWINKATa HATPHUS C MHUKPOKAJIBIIUTOM OTJIMYAETCS
TEXHOJIOTUYHOCTBIO M yIOOCTBOM NPHUTOTOBJICHHUS B YCIIO-
BUSIX CTPOUTEIBHOMN TUIOLIAIKH, @ TAK)KE XOPOIIUMH 3KCILTY-
aTallMOHHBIMHU XapaKTePUCTHKAMHU: KU3HECTIOCOOHOCTD — 10
90 MHH; aare3us 0 METO/TY PelIeTYaThIX Haqpe30B — | 6a;
[apONPOHUIIAEMOCTE KPAaco4Horo cjiosi V = 660 r/m>-cyr.,
sogonornomenue 0,102 xr/(m?-u®?), TemnocToikocTs 10
500 °C.

Pa3paboTanHoe ¢acasHOe CHIMKAaTHOE MOKPHITHE, B OT-
JMYKE OT TOJMMEPHOrO MOKPBITHS, UMEET HEOOXOIUMYIO

170
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When applying the silicate composite to a glass base,
good adhesion to the surface was noted after 24 hours (the
adhesion of the silicate composite using the lattice cut
method was 1 point), the absence of chalking and the water
resistance of the coating.

The colour of the coating (Fig. 8) was determined by im-
purities in the composition of the aerated concrete waste.
When tinting the composition with an alkali-resistant pig-
ment (Fig. 8c), the absence of peeling of the surface of the
paint composition was also noted.

A FEahc + MK + PNe
2 B
a(a) 6 (b) B (C)
Conclusions

The developed composition of decorative facade coating
based on ground cellular gas silicate and sodium hydrosili-
cate with microcalcite is characterized by its technological
effectiveness and ease of preparation in construction site
conditions, as well as good operational characteristics: via-
bility - up to 90 min; adhesion by the method of lattice cuts -
1 point; vapor permeability of the paint layer V = 660
g/m?-day, water absorption 0.102 kg / (m?-h%?), heat re-
sistance up to 500 °C.

The developed facade silicate coating, unlike the polymer
coating, has the necessary porosity to ensure vapor and gas
permeability of brick walls. It is also necessary to note the
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MOPUCTOCTD AJIs1 0OecreueH s Napo- ¥ ra3onpOHUIIAEMOCTH
KHAPIUYHBIX cTeH. Heo0X0IMMO OTMETHTh TaK)Ke MOBBIIIECH-
HYIO JIOJITOBEYHOCTh 0a30BOr0 CHIIMKATHOI'O MOKPHITHS, Ha
OCHOBE KOTOPOT0 pa3paboTaHbl UcciIeayeMble cocTassl [ 19].
Jlakokpaco4HOE MOKPBITHE PEKOMEHAYETCA JUIsl OKPacKH MO0~
BEPXHOCTH LIEMEHTHOT'0 OETOHA U PacTBOpa, CTAINBHBIX KOH-
CTPYKLIMH, KEpaMHUECKUX OCHOBaHUH. Bo3MoXkHa 3KcIuTya-
TaIusl MOKPHITHS NPU BBICOKHX TeMmepaTypax (mo 500 °C)
JUISL M30JLINUHU TOPSIYMX MOBEPXHOCTEH. YUHUTHIBAs MOBBI-
IIEHHYIO MIEIOYHOCTh PAcTBOPA JIAKOKPACOYHOTO ITOKPBI-
THSI, CyLIECTBYET OTPaHMUYCHHUE 110 CIOIb30BAHUIO €T0 IS
OKPACK{ M3AETHHA U3 TFOMUHUEBBIX CIUIABOB.
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increased durability of the base silicate coating, on the basis
of which the studied compositions were developed [19]. The
paint and varnish coating is recommended for painting the
surface of cement concrete and mortar, steel structures, and
ceramic bases. The coating can be used at high temperatures
(up to 500 °C) to insulate hot surfaces. Considering the in-
creased alkalinity of the paint and varnish coating solution,
there is a limitation on its use for painting products made of
aluminum alloys.
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