Technique and technology of silicates. Volume 31, No4, 2024

YK 666.94
Tun cTaTbu: HAYYHAS CTAThs EDN xixwvp
I'PHTH 81.09.00 DOI 10.62980/2076-0655-2024-323-332

Hayunas cnemmansnocts BAK: 2.6.17 MarepuanoBeneHue (TeXHUUECKUE HAYKH)

3OOEKTUBHOCTHh NPUMEHEHUS MOJIM®YHKIIMOHAJIBHOM AOBABKH
HA OCHOBE TUTAHATOB BUCMYTA JJIs1 HEMEHTHBIX KOMITIO3U LI

Kozaosa U.B.!, lynapesa M.O.!, Centomxun JI.C.!, Ceprees M.A.!

"HauuoHaabHbII HecTe0BaTENbCKHI MOCKOBCKHIA TOCY1apCTBEHHbIH CTPOMTEIbHBINH YHHBEPCHTET

AHHOTANUA

B Poccuu nabarooaemcea cmpemumenshwiil pocm 00bemM08 cmpoumenbcmsa, komopwiti no umozam 2023 200a cocmasun
110 mnn 438,5 moicauu k6. m. srcunvsa, umo Ha 7,5% 6oavuie, yem 2000m panee. Pabomel 6edymcs ¢ npumeHeHuem 8blCOKo-
MEXHONIO2UYHBIX UHHOBAYUOHHBIX CIMPOUMENbHbIX MAMEPUANLos, 00AA0AI0UUX VHUKATbHLIMU IKCNLYAMAYUOHHBIMU CEOU-
cmeamu, 00J1208e4HOCIbIO, He 8pedsam oKpycarowell cpede u uenosexy. OOHaKo, NOMUMO GblUeNnePedUCIeHHbIX OOCHOUHCS,
CcOBpeMeHHble CIMPOUME/IbHbLE MAMEPUATIbL QOJINCHbL ObIMb (UHAHCO80 OOCHYNHbL, UX NPUMEHEHUE He 00NNCHO NPUEOOUNMb K
HEONnPasOaHHOMY YOOPONCAHUIO Peanu3yemo20 npoekma. B dannoi cmamee asmopul ananuzupyiom 3K0HOMUYECKYI0 3 gek-
MUBHOCMb NPUMEHEHUSL NOTUPYHKYUOHATbHOU 000a8KU HA 0CHO8e oKcuoHouU cucmemvl Ti0,-Bi>Os, ucnoavsyemotui 015 co30a-
HUsl OEMOHHBIX CMecell, CAMOOYUAIOWUXCSL YEMEHMHBIX WMYKAMYPOK, 3aMUPOUHbIX PACMBOPO8 0151 MENCHIUMOYHBIX UB08,
0011a0aI0UUX CIMOTIKOCIbBIO K 00PACMAHUI0 MUKDOCKONUYECKUMU HAECHeSbIMU 2pubamu. B pesyibmame KomMniekca npogeoeH-
HbIX pacuemos U UCCIeO06AHUL A6MOPbL NPUULIL K 3AKTIOUEHUIO, YMO ROTUGYHKYUOHATbHASL 000A8KA HA OCHOBE OKCUOHOU
cucmemvt TiO»-Bi>O3 Modicem npumeHsimsbcsi 0Jisk ROLYHEHUs. WUPOKO20 CHEKMPA CMPOUMENbHbIX MAMEPUALO8 U PACUUPUMND
UX HOMEHKIamypy.
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BISMUTH TITANATES FOR CEMENT COMPOSITIONS
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ABSTRACT

In Russia, a rapid growth in construction sphere is observed, which by the end of 2023 amounted to 110 million 438.5
thousand square meters. m. housing, which is 7.5% more than a year earlier. The construction process is carried out using
high-tech innovative building materials with unique properties, durability, friendly to the environment and humans. However,
in addition to the advantages, modern building materials should be financially accessible, their application should not lead to
an unjustified increase in the cost of the project. In this article, the authors analyze the economic efficiency of using a ploy-
functional additive based on the TiO»-Bi;Os oxide system in order to create concrete mixtures, self-cleaning cement plasters,
grout solutions for ceramic tile resistant to fouling by microscopic mold fungi. As a result of the research, the authors concluded
that a polyfunctional additive based on the TiO>-Bi;O;3 oxide system can be used to obtain a wide range of building materials.
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BBEJEHUE

C pa3BUTHEM YEIIOBEYECTBA OTKPHIBAUCH M CO3JABAIICH
pa3HYHbIe CTPOUTENBHBIC MaTepuaibl. [lepBeIMU U3 HUX OBLTH
MIPUPOIHBIE MAaTepHAIIBI, TAKHE KaK KaMEHb, IPEBECHHA, TIECOK
U TJIMHA, 3aTeM OBUTH OTKPHITH HEOPTaHUYECKHE BSDKYILINE BE-
IIECTBa. DBOJIOIMOHHBIE MPOIECCHI, IPOUCXOISIIIE B HAYKE U
TEXHHUKEC, MPUBOAAT K BHECAPCHUIO CUHTECTUYCCKUX U NIPUPOJI-
HbIX KOMIIOHCHTOB B Pa3jIMYHbIC CTPOUTCIIbHLIC MaTCpUaAJIbI,
paboTaroNMX B UX CTPYKType COBMECTHO, @ HE B KAYECTBE IIPO-
CTO CYNepIo3ULINHU OTIEIbHBIX CBOMCTB IPUMEHSIEMBIX J100a-
BOK, YTO ITO3BOJISCT MTOyYaTh HOBBIC KOMITO3UIIMOHHEIC MaTe-
pHAIBI C YHUKATEHBIMU XapaKTePUCTHKAMU.

OmauM n3 Hambollee BOCTPEOOBAHHBIX, YHHBEPCATHHBIX U
MHOTO()YHKIIHOHABHBIX CTPOUTEIFHBIX MATEPHAIOB HA CETO-
THSIIHAN JCHb MOKHO Ha3BaTh OCTOH U MaTepHaIlbl HA OCHOBE
[IEMEHTa, KOTOpPBIe 0071a1al0T BEICOKMMH 3KCILTyaTallHOHHBIMA
XapaKTepUCTHKaMH. L[eMEeHT HCIONB3yIOT Ha Pa3HBIX dTarmax
CTPOUTEILCTBA IPHU BO3BEACHUU KUJIBIX U ITPOMBIIIIJICHHBIX CO-
OpY>KEHUH, IOA3EMHBIX U TUAPOTEXHUYECKUX KOHCTPYKLIUN, B
KayeCcTBE OCHOBHOI'O KOMIIOHEHTa B COCTaBE OT/IEJIOYHBIX,
TEIJIO- W 3BYKOM3OJSLUOHHBIX CTPOHMTENIFHBIX MaTepHAaJIOB,
JUTS CO3JIaHUsI Pa3HOOOPa3HBIX apXUTEKTYPHBIX U TU3aiiHEp-
CKUX PCIICHUH U MaJBIX apXUTEKTYPHBIX (popM.

Pa3zpaboTana mupokas HOMEHKIATypa pas3IHYHOIO poja
MOTUGHUIHPYIONIHX JOOABOK, CIOCOOHBIX d3((PEKTHBHO BIHATH
Ha (U3NKO-MEXaHWYECKHE XapPaKTEPUCTUKA IEMEHTHOTO
KaMH$I, I TIPUJATh My HOBBIC YHUKAIbHEIC CBOMCTBA: YCKO-
purenn (NaCl, NaySOs, NayS,03) [1-3] u 3amemurenu cxBa-
THIBaHUSA (OpraHudeckue KucioTsl, NasPOy) [4-6], mnactudu-
UpYyIomue 100aBKH (COBpEMEHHBIE CyTep- ¥ THIIEPIUTACTH(H-
KaTopbl: CynbdupoBaHHbie HadTamuHGOpMaIbIETUIBI, CYJlb-
(upoBaHHbIe MenaMHUHO(OPMaJIbIETHAHBIE CMOJIBI, MOAUU-
UPOBaHHbIE  JIMTHOCYNb(OHATHI,  IOJUKApOOKCHUIATHBIE
a¢upsl) [7-9], runpododusupyronire (KpeMHUHOPraHNYeCKUe
JKUJIKOCTH; T0OaBKH, KOJIbMaTHPYIOIINE TOPbI (TOHKOAUCTIEPC-
HBIC MUHEPATBbHEIC JOOABKH, JJOOABKH C MYLI[OJAHOBOW aKTHB-
HOCTBIO, BOZIOPAaCTBOPHMBIE CMOJIBI M COJIM aJTFOMUHHUS, JKeJe3a
u kanbIwst) [ 10-13] 1 BO3IyXOBOBIECKAOIIHNE (ATKUITAPHICYITh-
(hoHATEI, CONM, TONydaeMble W3 IPEBECHOM CMOJBI, COIH
HEPTSIHBIX KHCIIOT; COJIH, TOIy4aeMble U3 IIPOTEHHOB; COIIH Op-
TaHWYECKUX CyNb(OKUCIOT; abheTraTr HaTpus; BHHCOJOBAS
cmona) [14,15], mymmomnanossie [16], ¢oTokaranuTHUecKne
[17,18], buomumnbie mpucaaku [19-22].

B HaCTOAIICC BpEMA YACIACTCA BHUMAHNUE OKOJOTHYCCKUM
acriekTaM cTpouTesbcTBa. HaceneHune 3eMitn exeTHEBHO Mpo-
HM3BOJHT OKOJIO 3,5 MHJIZIMOHOB TOHH OTX040B. OQHUM U3 Ba-
PHAHTOB pELICHHS CYLIECTBYIOMINX TPOOJIEM 3arpsI3HEHUsI BO3-
JYIIHOTO OacceiiHa B KPYITHBIX FOPO/IaX MOKHO CUHUTATh BBE-
JICHHE B COCTaB TPATUIIMOHHBIX CTPOWTEIBHBIX MaTCpPHATIOB
(hoTOKATATU3aTOPOB - COCAMHEHUI, Ha AaKTUBHOU ITIOBEPXHOCTH
KOTOPBIX TOJ] BO3JCHCTBUEM COJHEYHOTO H3ITYYCHHUS IPOTE-
KalT (OTOKATATUTUICCKHE MPOIIECCH PA3NIOKCHHS afIcopOu-
POBaHHBIX 3arpsA3HUTENCH J0 HETOKCHYHBIX BemiecTB. Hanbo-
Jilee pacrpOoCTpaHEHHBIM (POTOKATAIM3aTOPOM Ha CEroJHSIII-
HUH JA€Hb MPHUHATO CYNTATh HAHOPA3MEPHBII AUOKCH] TUTaHA
aHaTazHOW Moamdukaruu [23], OgHAKO HCCIIENOBATEIN HU3Y-
HJaroT U APYTHUE NEPCICKTUBHBIC COCAMHCHUSA, HAIIPUMED OK-
CHUJIbI TEPEXOAHBIX U PEAKO3ZCMEIIbHBIX MCTAJIJIOB U UX COYCTA-
Hus (CeO,, CuO, SnO, ZnO, WO3), CII0KHBIE CIIOUCThIE CTPYK-
TYpBI, COUETAIOIINE HEOPTAaHUYECKYIO U MOJIUMEPHYIO COCTaB-
nsrorue (Fe;O4/Ti0,, CuBixOs/mommanmmun) [24-27].

CroHuT TakkKe yIeNuTh BHUMAHHE TaKOW HEMaJIOBaKHOM
mpobiemMe, Kak CHIDKCHHE JIONTOBEYHOCTH  MaTepHhalia
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INTRODUCTION

With the development of mankind, various building
materials were discovered and created. The first of these
were natural materials such as stone, wood, sand and clay,
then mineral binders were discovered. The evolutionary
processes taking place in science and technology lead to
the introduction of synthetic and natural components into
various building materials that work sinergetically, not
only as a simple superposition of individual properties of
the additives used, which makes it possible to obtain new
composite materials with unique characteristics.

One of the most popular, versatile and multifunctional
building materials today can be called concrete and ce-
ment-based materials that have high performance charac-
teristics. Cement is used at various stages of construction
in the construction of residential and industrial structures,
underground and hydraulic structures, it is a main compo-
nent in the composition of finishing, heat and sound insu-
lation building materials, to create a variety of architec-
tural and design solutions and small architectural forms.

A wide range of various modifying additives has been
developed that can effectively affect physical and mechan-
ical characteristics of cement stone, or provide it with new
unique properties: setting accelerators (NaCl, Na,SOs,
Na,S,03) [1-3] and retarders (organic acids, NasPO,) [4-
6], plasticizing additives (modern super- and hyperplasti-
cizers: sulfonated naphthalene formaldehydes, sulfonated
melamine formaldehyde resins, modified lignosulfonates,
polycarboxylate esters) [7-9], hydrophobic (organosilicon
liquids; additives, colmatating pores (fine mineral addi-
tives, additives with pozzolan activity, water-soluble res-
ins and salts of aluminum, iron and calcium) [10-13] and
air-entraining (alkylaryl sulfonates, salts obtained from
wood resin, salts of petroleum acids; salts obtained from
proteins; salts of organic sulfonic acids; sodium abietate;
vinsol resin) [14,15], pozzolanic [16], photocatalytic
[17,18], biocidal additives [19-22].

Nowadays, attention is being paid to the environmental
aspects of construction. The problem of air pollution in
large cities can be solved by the introduction of photocata-
lysts into the composition of traditional building materials
- compounds which promote the photocatalytic processes
of oxidation of adsorbed pollutants to non-toxic sub-
stances under the influence of solar radiation. Currently,
nanoscale titanium dioxide of anatase modification is con-
sidered to be the most common photocatalysts [23], but
researchers are also studying other promising compounds,
such as transition and rare earth metal oxides and their
combinations (CeO,, CuO, SnO, ZnO, WO3), complex
layered structures combining inorganic and polymer com-
ponents (Fe;04/TiO,, CuBi,O4/polyaniline) [24-27].

It is also worth paying attention to a special type of
material destruction, caused by aggressive action of mi-
croorganisms - biological deterioration. Additives such as
metal oxides (CuO, Fe304, MnO,, ZnO, Ag,0), composite
and doped oxide systems, phenols, chlorophenols, forma-
lin, latex biocides, salts of higher fatty amines, polyalkyl-
guanidines can inhibit the vital activity of microorgan-
isms, contributing to the preservation of the integrity of
the material structure [19-22, 28].



Technique and technology of silicates. Volume 31, No4, 2024

BCJIC/ICTBHE KOPPO3MOHHOTO pa3pyLICHHs], KOTOPOE pa3BUBa-
eTcsl 10J1 BO3JIEHCTBHEM MHKPOOPTaHM3MOB - OMOJIOTHYECKOM
koppo3un. Takue pobGaBku, kKak okcuiasl mertamioB (CuO,
Fe304, MnO3, ZnO, AgrO), KOMIIO3UTHEIC U JOMUPOBAHHEIC
OKCHJIHBIC CHCTEMBI, (PEHOIBI, XJIOPPCHONIBI, (HOopMaIHH, Ja-
TEKCHBIC OWOIM[IBI, COJIA BBICIINX JKUPHBIX aMHUHOB, TIOJHAN-
KWITYaHUIWHEI CIIOCOOHBI YTHETATh )KU3HEACATEIIEHOCTh MUK-
POOPTaHU3MOB, CIHOCOOCTBYS COXPAaHEHHWIO IEIOCTHOCTH
CTPYKTYpHI MaTepurana [19-22, 28].

K coxasennro, BBeZieHHE B COCTAaB IIEMEHTHOT'O KOMIIO3HTA
MOUGHUIMPYIONTHX 100aBOK MPHBOIHT K CYIIECTBEHHOMY PO-
CTY ILIEHBI, TaK, CTOMMOCTb JI00aBKH MOXET 3a4acTyIO JOCTH-
rate 70-80% oT cyMMapHOIl CTOMMOCTH CHIPbs, HEOOXOIUMOTO
JUls co3[aHus Matepuana. Tak, neHa Hanbosee n3BecTHoro ¢o-
TOKaTajm3aropa 3apyOexHoro mpousBonctBa Aeroxide P25
kosiebnetcs B npeaenax 2600 [29] - 6000 [30] py© 3a 100 r Be-
IIecTBa. AHTHCENTHYCCKUE COCTAaBBI JUIS MPOIHUTKH OCTOHA
KOMMEpYecKH 0osiee JOCTYITHBI i mpuobpereHus (1ieHa 3a 1
JI IPONMTKH Ha U3BECTHBIX MapKeTIulelicax HauyuHaercs ot 250
py6 u Moxet goxoauts a0 2000 py06). OgHako 3a9acTyro Tpe-
OyeTcst MX IOBTOPHOE HaHECEHNE, KPOME TOTO, K YKe pazpabdo-
TaHHBIM COCTaBaM Pa3BHBAETCS PE3UCTEHTHOCTh MHKPOOpTa-
HU3MOB, YTO BBI3BIBACT HEOOXOANMOCTH ITOCTOSTHHOTO IIOMCKA
Y CHHTE32 HOBBIX 0O€30MMAaCHBIX JJISl YeJIOBEeKa U OKPYKArOIIeH
cpezbl OMOIHUIOB.

Takum 00pazom, TpeOyeTcsi co3/1aHHe OTEYECTBEHHBIX allb-
TEPHATHB 3apyOCIKHBIM MONU(YHKIIMOHATBHBIM J00aBKaM, B
YaCTHOCTH, (I)OTOKaTaJ'II/ITl/I'-IeCKI/IM )41 6I/IOI_ll/II[H]:lM, KOTOPEIC
ObUTH OBl KOHKYPEHTOCIIOCOOHBI HA PHIHKE NOOABOK U MOTJIH
OBl HCIONB30BATHCS I CO3IAHUS BBICOKOKAYCCTBCHHBIX
CTPOMTENBHBIX MAaTEPUAIIOB C HECIIOKHOW TEXHOJIOTHEH HU3ro-
TOBJICHUS U JOCTYITHBIMU B Pa3IMYHOM [IEHOBOM CETMEHTE IS
moTpeOuTENS.

M3BecTHO, 4TO psil COEAUMHEHUN HAa OCHOBE OKCHUIHOW CH-
crembl Ti0»-Bi,O3 obmagaror doTokaTamuTiaeckum 3¢dex-
TOM B yJBTPapMOIECTOBOM H BHIMNMOM IHAMTa30HAX CIIEKTPa
[31], a npumeneHne 10OaBKM Ha OCHOBE TUTAHATOB BHCMYTa
JIJISL IEMEHTHBIX CUCTEM, 00J1aJal0IIUX CIIOCOOHOCTBIO K CaMO-
OUHIIEHHUIO, OBUIO PacCMOTPEHO aBTOpamu B paborax [32].
Kpowme Toro, 3a cuet onuroquHaMu4eckoro 3gdexra yacTHIbI
J00aBKM OKa3bIBAIOT YTHETAOLIEE BO3EHCTBHE HA POCT M pas-
BUTUEC MHKPOCKOITHMYCCKUX IJICCHEBBIX TPHOOB HA MOBEPXHO-
CTH UCKYCCTBEHHOT'O KAMCHHOTO MaTepHaa.

Taku 00pa3oM, HeJILI0 JAHHOH CTATHH SBIACTCS aHAIH3
SKOHOMHUYECKOH 3P PEKTHBHOCTH MPUMEHEHUS MTOIN(YHKIIAO-
HAJIBHOM 100aBKM Ha OCHOBE OKcHAHOM cucTeMbl Ti02-Bi,O3
JUTS IEMEHTHBIX CHCTEM, ITOTy9eHHOH 10 TBepA0(ha3HOH 1 IIUT-
paTHOM TEXHOJIOTHH, ONpeAeIeHHe Hanboiee SKOHOMUYCCKH
BBITOJTHOTO CIIOCO0a CHHTE3a JOOABKH U BBIBICHUE PE3yIbTa-
TOB 00 SKOHOMHYECKOH I1€71ecO00pPa3HOCTH HCIOJIb30BAHUS
JAHHOIo BHJa )IO6aBKI/I 1A TOJIY4Y€HHA WHHOBAIITMOHHBIX
q)yHKI_[I/IOHaJ'H)HI)IX INEMCHTHBIX MaTCpHUAJIOB.

MaTepna.m,I H METOAbI UCCJICA0OBAHUSA

Jns mpoBenennst aHanuza 3(GQEKTUBHOCTH IPUMEHEHUS
pa3paboTaHHOW 100aBKM Ha OCHOBE THTaHaTa BUCMYyTa, o0Ja-
Jaroneld poToKaTaIMTHIECKUMH U OMOILMIHBIMU CBOHCTBAMH
[33-38], B cTpouTeNbHBIX MaTepuajax pa3IMYHOrO Ha3Haye-
HUSI FICTIOIb30BAJIOCH CHIPBE CPEIHETO IIEHOBOTO CErMEHTa I10
P® B 2024 1. B paborax [34-36] moapoOHO ommcaHO TOTyYe-
HUE NaHHOH J00aBKHM OBYMs crocoOamu: IO TBepaoda3sHOH
(pucyHOK 1) ¥ IUTPATHON TEXHOJIOTHUH (PUCYHOK 2).

Unfortunately, the introduction of modifying additives
into the cement composition leads to a significant increase
in the price of the building material. Thus, the cost of an
additive can often reach 70-80% of the total cost of the raw
materials needed to create the composite. Thus, the price
of the most common photocatalyst, Aeroxide P25, ranges
from 2600 [29] - 6000 [30] rub per 100 g of the substance.
Commercially available antiseptics for concrete are more
affordable to purchase (the price for 1 1 of antifouling lig-
uid on a well-known marketplaces starts from 250 rub and
can reach up to 2000 rub). However, their repeated appli-
cation is often required, in addition, resistance of microor-
ganisms develops to the existing formulations, which pro-
motes the constant search and synthesis of new biocides
that are safe for humans and the environment.

Thus, it is necessary to create Russian alternatives to
foreign polyfunctional additives, in particular, photocata-
lytic and biocidal, which would be competitive in the mar-
ket and could be used to create modified building materi-
als, would be of high quality, would have a simple manu-
facturing technology and available in a different price seg-
ment for the consumer.

It is known that a number of compounds based on the
Ti0,-Bi,03 oxide system exhibit photocatalytic effect in
the ultraviolet and visible ranges of the spectrum [30], and
the use of the additive based on bismuth titanates for self-
cleaning cement materials was considered by the authors
in [31]. In addition, due to the oligodynamic effect, the ad-
ditive particles display biocidal effect on the growth and
development of microscopic fungi on the surface of artifi-
cial stone material.

Thus, the purpose of this article is to analyze the eco-
nomic efficiency of using a polyfunctional additive based
on the Ti0,-Bi,O3 oxide system for cement composites
obtained using solid-state and citrate-based technology, to
determine the most cost-effective synthesis method and to
identify the results on the economic feasibility of using
this type of additive to obtain innovative functional ce-
ment materials.

Materials and methods of research

To analyze the effectiveness of the developed bismuth
titanate additive with photocatalytic and biocidal proper-
ties [33-38] for the designing of building materials for var-
ious purposes, raw materials of the average price were
used on the territory of the Russian Federation in in 2024.
In [34-36] the authors discuss the preparation of bismuth
titanate additives by two methods: by solid-state (Figure
1) and citrate-based technology (Figure 2).
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PUCYHOK 1

TEXHOJIOT'YA NTOJTYYEHUSA 10-
BABKH IO TBEPJO®A3HOU TEXHO-
JIOIrnmm

nepeTMpanme 8 crynxe ¢
acGasnexnem

ODKMT B
MyDensHoi
neuu

Flgure 1 -&b_: M30NPONMOBOTO CNUPTa
Technology fOl‘ obtaining the additive us- NCXOAHBIE OKCHABI NABOPATOPHOrS NMAPABAMUECKOND NPecca
ing solid-state technology
PUCYHOK 2
TEXHOJIOI'UA INIOJYUYEHUSA J0O- NEpEmeihanaize
BABKH IO IUTPATHOU TEXHOJIO- TiCls + H:0 E> npoAyKTbl
rmm oC.H. nepsHas ot
ynapueaHue |:> OTXHNI
Figure 2 . HC  jumonuas
Bi»0; + 1.1
’ RMLACH S NPOAYKT peakumu

Technology for obtaining the additive us-
ing citrate-based technology

IIpoBoauMbIe nccie 0BaHUS U 00CyKIeHHe
pe3yJibTaToB

[IpoBenennsie panee uccienoBanus [35-37] mo3Bommin
c/ienaTh BBIBOJI, YTO CUHTE3MpPOBaHHas 100aBKa B COCTaBE 1ie-
MEHTHBIX KOMITO3ULIUH 0OecrieunBaeT CTOMKOCTh K Onodpacra-
HUIO TUICCHEBBIMH TPUOaMHU M CLIOCOOCTBYET CAMOOUHILCHHIO
MIOBEPXHOCTH.

Pacuer cebecTonMOCTH MaTepUAIOB Ha TIPOU3BOACTBO TH-
TaHaTa BICMYTa B JIA0OPATOPHBIX YCIOBHUSX 110 IBYM TEXHOIIO-
THUSM TIpeCTaBieH B Ta0m. 1 u 2.

B pesynprare aHannza 3QQEeKTUBHOCTH MPUMEHEHUS I10-
TU(YHKINOHATBHOW JOOABKM Ha OCHOBE OKCHJIHOW CHCTEMBI
Ti02-Bi203 0Obu10 BBIIBICHO, 4TO cedbecronmocTh 20 T mo-
0aBKM THTaHaTa BUCMYTa, CHHTE3UPOBAHHOIO O LUTPATHOI
TEXHOJIOTUH cocTariseT 115 py0., mo TBepaodaszHol TEXHOIIO-
run — 223 py0. [lonyueHHbIe pe3yIbTaThl OKa3alH, YTO CHH-
Te3 100aBKH MO IUTPATHOW TEXHOJIOTMH SBISIETCS Oosiee ad-
(heKTHBHBIM.

Conducted research and discussion of the results

Previous studies [35-37] allow to conclude that the
synthesized additive in the structure of cement composi-
tions provides resistance to fouling by mold fungi and pro-
motes self-cleaning of the surface.

The calculation of the materials cost for the laboratory
production of bismuth titanate via two technologies is pre-
sented in Table. 1 and 2.

The analysis of the polyfunctional Ti02-Bi203 addi-
tive application effectiveness demonstrates that the cost of
20 g of the additive synthesized via citrate-based technol-
ogy is 115 rubles, compared to solid—state technology
which is 223 rubles. The results showed that the synthesis
of the additive using citrate-based technology is more ef-
fective.

TABJIMIA 1. PACXOJ 1 CEBECTOUMOCTDb MATEPUAJIOB HA ITPOU3BOJACTBO 20 I' JIOBABKH
TUTAHATA BUCMYTA, HOJIYYEHHOM IO TBEPJO®A3HOM TEXHOJIOT U
Table 1. Consumption and cost of materials for the production of 20 g of bismuth titanate additive obtained

via solid-state technology

Marepuan En.uzm. Hopma pacxona Ha Ilena, py6. CrtoumocTb, pyo.
Material Units 20 r 1o6aBKH Price, rub Cost, rub
Amount per 20 g of
the additive
Bi. O3 kg 0,0042 5000 21,00
TiO> kg 0,016 2000 31,60
3aTpaTbl Ha 3JIEKTPOIHEPTUIO KW-h 33.13 515123 170,63
Energy costs
Hroro
Total 223,23
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TABJIMIA 2 PACXOJ U CEBECTONMOCTBb MATEPUAJIOB HA TPOU3BOJICTBO 20 I' TOBABKHA
TUTAHATA BUCMYTA, HOJIYUYEHHOM MO IUTPATHOM TEXHOJIOT U
Table 2 Consumption and cost of materials for the production of 20 g of bismuth titanate additive obtained via

citrate-based technology

Marepuan En.m3m. Hopma pacxona na Ilena, pyo. Croumoctsb, pyo0.
Material Units 20 r 106aBKH Price, rub Cost, rub
Amount per 20 g of
the additive
Bi203 kg 0,011 5000 55,00
TiCl4 1 0,01 2500 25,00
JIMMOHHAsI KHCJIOTA
Citric acid kg 0,045 450 20,25
CoJgsiHasi KHCJIOTA
HCI 1 0,025 272,5 6,82
Bona aucruiiiupoBaHHasi
Distilled water ! 0,025 195 4,88
3aTpaTbl Ha 3J1€KTPOIHEPTUIO KW-h 0,58 5.15123 2.99
Energy costs
Hroro Total 114,94

Janee cpaBHABaIach ce0ECTOMMOCTL MAaTEpHAIOB Ha 1 M°
OCTOHHOI CMeCH, IPUMEHIEMO B 3aBOJICKUX YCIOBUSX (Tab-
nuna 3) v npezyiaraeMoi K BHEIPEHHIO ¢ J00aBKOM THTaTaHaTa
BUCMYTa, CHHTE3UPOBAHHOW 110 TBEp0(}a3HON TEXHOJIOTHH U
10 UTPATHOH TexHosoruu (tabmmna 4). Pacyer nokasain, 4ro
ce0ecTOMMOCTh MaTepPHUaJIOB BO3POCIIa HE3HAYNTEIBHO, HO ITPH
3TOM IOJIy4eHHBIN OETOH ¢ J0OaBKOH TUTaHAaTa BUCMYTa 00JIa-
JIaeT TOBBIIEHHOHN MPOYHOCTHIO, TPHOOCTOMKOCTHIO U (hOTOKA-
TIUTHYECKONW aKTHBHOCTBHIO.

ITpoBeneHHbIC HCCIIEAOBAHMS TIOKA3aIIH, YTO HANOOJIEE aK-
TyalbHO IPUMEHSTH 100aBKy TUTaHATa BUCMYTa B ITOIyYECHUH
CaMOOYMINAIOIIEHCS ITYKaTypKd M IBETHOTO 3aTHPOYHOTO
pacTBopa sl MEXKIUTUTOYHBIX IIIBOB.

The conducted studies revealed that it is most relevant
to apply bismuth titanate additive in the production of self-
cleaning plaster and colored grout for ceramic tile.

Next, the cost of materials per 1 m* of concrete mix,
modified with the additive, produced in the factory (Ta-
bles 3, 4) and proposed for realization was compared. The
calculation showed that the cost of materials increased
slightly, but at the same time the resulting modified con-
crete has increased strength, mold fouling resistance and
photocatalytic activity.

TABJIUIA 3 PACXOJI U CEBECTOUMOCTb MATEPHUAJIOB HA 1 M3 BETOHHOM CMECH,
HPUMEHSIEMOM B 3ABOJICKUX YCJIOBHSX
Table 3 Consumption and cost of materials per 1 m3 of concrete mixture produced in factory

MarepuaJ En.uzm. Hopma pacxoga na 1 m® Llena, pyo. CrtoumocTs, pyo.
Material Unit Amount per 1 m* Price, rub Cost, rub
Lement 500 10 ton 0,53 7400 3922
Cement
Tecotc ton 0,65 450 292,5
Sand
Ille6enn
Crushed stone ton 1,12 1465 1640,8
Bona Water m? 0,169 12,33 2,08
JCT
Lignosulfonate plasticizer ke 1,06 A 37,24
Hroro Total 5914,62

Jlist nonmyuenust Oojiee BBIPAXKEHHOTO (OTOKATAIUTHYE-
ckoro 3¢ dekra yctaHoBieHO [32], 4To 100aBKY pPEKOMEHIY-
€TCSl BBOJUTH B BUJIE CyXOI'0 KOMIIOHEHTa B KoJruecTBe 5-10%
OT coziepKaHus cyxoi cMecu. [yt pacuera cocraBa caMOO4H-
MIAOIIEHCs MTYKATYPKHU UCIIOJIB30BANIACh CyXas T00aBKa B KO-
mmaectBe 5%. Pacdersl ceOecTOMMOCTH MaTepHANIOB ISl I10-
JMy4eHHs 2 KT CaMOOYHWIIAOMICHCS ITYKAaTYPKH ¢ JOOABKOM,
CHHTE3MPOBAHHON IO TBEpAO(a3HONW W HUTPATHOH TEXHOJIO-
rusiM, ipuBeneHs! B Tabmute 5. [lanee ObUT poBeieH pacyer
ce0eCTOMMOCTH MAaTEPUAJIOB Ha 1 M? CAMOOYMIIAFOIIEHCS MITY-
KaTypKu C HMCITIOJIb30BAHUEM CHHTCSHpOBaHHOﬁ 0 ABYM TEX-
HOJIOTHSIM J100aBKH. Pe3yspTaThl mpeAcTaBieHsl B Tadauie 6.

To achieve the most significant photocatalytic ef-
fect, it is recommended to introduce the additive in an
amount of 5-10 wt.% by dry mixing [32]. To calculate the
composition of self-cleaning plaster, a dry additive in the
amount of 5 wt.% was used. Calculations of the materials
costs for the production of 2 kg of self-cleaning plaster
with an additive synthesized via solid-state and citrate-
based technologies are shown in Table 5. Next, the cost
of materials per 1 m? of self-cleaning plaster was calcu-
lated using an additive synthesized using two technolo-
gies. The results are presented in table 6.
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TABJIUIA 4 PACXOJI U CEBECTOUMOCTb MATEPHUAJIOB HA 1 M3 BETOHHOM CMECH,

MPEJJIATAEMOM K BHEJIPEHUIO
Table 4 Consumption and cost of materials per 1 m® of concrete mixture, suggested for realization

Jlo6aBKa THTAaHATAa BUCMYTA, CHHTE3HPO-
BaHHasi 10 TBePA0(a3HOH TEXHOTOTHH
The additive, obtained via solid-state tech-

Jlo6aBKa THTAaHATAa BUCMYTA, CHHTE3UPO-
BaHHAs 110 HATPATHON TEXHOJOTHH
The additive, obtained via citrate-based

Martepuai En.uzm. nology technology
Material Units Hopma pac- Hopma pac-
3 CroumocTb, 3 CroumocTs,
xoga Ha 1 m Llena, pyo. xona Ha 1 m Llena, pyo.
. pyo. . pyo.
Amount per 1 | Price, rub Amount per Price, rub
Cost, rub Cost, rub
m’ 1md
Hement 500 /10 ton 0,53 7400 3922 0,53 7400 3922
Cement
Mecox ton 0,65 450 2925 0,65 450 2925
Sand
[HeGens ton 1,12 1465 1640.8 1,12 1465 1640,8
Crushed stone
CycneH3usi THTAHATA BUCMYTAa:
Bismuth titanate suspension
Tf/ITaHaT I?I/ICMyTa kg 0,027 11161,5 301,36 0,027 5747 155.20
Bismuth titanate
Bona m’ 0,169 12,33 2,08 0,169 12,33 2,08
Water
Sika kg 0,001 395 041 0,001 395 0,41
Hroro (ni1s cycnen-
3um): 303,85 157,69
Total (for suspension)
Hroro
Total 6463,00 6170,68

TABJIUIA 5 CEBECTOUMOCTDb MATEPHAJIOB HA 2 KT CAMOOUYMINAIOIIENCA MTYKATYPKHA

Table 5 Cost of materials per 2 kg of self-cleaning plaster

JlobaBKka THTAaHATA BUCMYTA, CHHTE3MPOBAaH- JlobaBKka THTAHATA BUCMYTA, CHHTE3MPOBAH-
Hasl 10 TBepA0(}a3HOIf TEXHOJIOTHH HAasl 10 HUTPATHON TEXHOJIOTUH
E The additive, obtained via solid-state The additive, obtained via citrate-based tech-
Marepuai o technology nology
R H3M.
Material q Hopma pac- Hopma pac-
Units CronMocTb, CTOUMOCTD,
X012 Ha 2 Kr Ilena, pyo. X012 Ha 2 Kr ena, pyo.
5 pyo. 5 pyo.
Amount per Price, rub Amount per 2 Price, rub
Cost, rub Cost, rub
2 kg kg
LlemeHT OeJblit
White cement kg 0,5 106,7 53,35 0,5 106,7 53,35
Tlecok (0,01-04 Mmm)
Sand (0,01-04 mm) kg 1,5 78 117 1,5 78 117
Tutanat BUCMyTa
The additive kg 0,1 11161,5 1116,15 0,1 5747 574,7
Boga Water 1 0,8 0,012 0,01 0,8 0,012 0,01
Hroro Total 1286,51 745,06

Jlng momydeHus 3aTMPOYHOTO pacTBOpa IS MEXIUTUTOY-
HBIX IIIBOB HCIIOJIb30BATACh CTaOMIM3MPOBAHHAS CYyCIICH3HS
CHHTE3UpOBaHHOH no0aBku. Pacuer cebecTonmocTu cocrasa 3a-
TUPOYHOTO PACTBOpA, COJEpIKalero J00aBKy, CHHTE3WPOBaH-
HYIO 110 TBep0(}a3HOH TEXHOJOIHU M 10 LIUTPATHOH TEXHOJIO-

THH TIPEJICTABIICH B Tabiwmie 7.

HpOI/IBBe,Z[eHHBIG pacyeThl MOKAa3aJIn, 4YTO I[O6aBKa TUTaHaTa

BHCMYTa, CHHTE3UPOBAaHHAS IO IUTPATHOMY METOJy, UMeeT 00-
Jiee HU3KYI ce0eCTOMMOCTh, YeM J00aBKa, CHHTE3UPOBaHHAS
10 TBeP10(ha3HON TEXHOIOTHH.
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A stabilized suspension of the synthesized additive was
used to obtain a grout mortar for ceramic tile. The cost cal-
culation of the grout with the additive synthesized via solid-
state and citrate-based technology is shown in Table 7.

The calculations show that the bismuth titanate additive syn-
thesized via citrate-based method has a lower cost than the addi-
tive synthesized by solid-state technology.
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TABJIUIA 6 CEBECTOMMOCTb MATEPHAJIOB HA 1 M2 CAMOOUYMILNAIOIIENCS IITYKATYPKH
Table 6 Cost of materials per 1 m? of self-cleaning plaster

Jlo6aBKka THTAHATA BUCMYTAa, CHHTe- Jo6aBka THTAaHATAa BUCMYTA, CHHTE-
3UPOBaHHAsI O TBePA0(A3HOIH TEXHOJIOTHHI 3MPOBAHHASI 110 HUTPATHOMH TEXHOJIOTHHU
The additive, obtained via solid-state The additive, obtained via citrate-based
En.
Matepuai technology technology
. H3M.
Material q Hopma pac- Hopma pac-
Units CronMocThb, CTOUMOCTD,
X0/1a Ha 2 KT Ilena, pyo. X0/1a Ha 2 KT Lena, pyo.
. pyo. - pyo.
Amount per Price, rub Amount per Price, rub
Cost, rub Cost, rub
2 kg 2 kg
Uement Geaniii ton 0,088 20600 1812,8 0,088 20600 1812,8
White cement
Tlecok (0,01-04 Mmm) ton
Sand (0,01-04 mm) 0,27 18000 4860 0,27 18000 4860
Boma Water m? 0,085 12,33 1,05 0,085 12,33 1,05
Turanar sicmyra ke 0,0044 11161,5 49,11 0,0044 5747 253
The additive
Sika kg 0,0002 395 0,08 0,0002 395 0,08
Hroro: Total | 6723,04 6699,23

TABJIMIIA 7 CEBECTOUMOCTDb MATEPHUAJIOB HA 2 KT 3BATUPOYHOI'O PACTBOPA J1JIS1

MEXIIUIMTOYHBIX IIIBOB
Table 7 Cost of materials per 2 kg of grout for ceramic tile

JlobaBKka THTAHATA BUCMYTA, CHHTE3HPO- Jlo0aBKka THTAHATA BUCMYTA, CHHTE3HPO-
BaHHas 10 TBepAoda3HOi TeXHOJIOTHH BaHHAas 110 HUTPATHOH TEXHOJOTHH
The additive, obtained via solid-state The additive, obtained via citrate-based
VAT En. technology technology
o H3M. Hopma pac- Hopma pac-
Material .
Units Xo1a Ha 2 CToumMocTh, X0/1a Ha 2 CTouMoCTh,
Ilena, pyo. Ilena, pyo.
Kr Price, rub Pyo- Kr Price, rub Pyo-
Amount per i Cost, rub Amount per i Cost, rub
2 kg 2 kg
IlemMeHT Oeblii
White cement kg 0,5 106,7 53,35 0,5 106,7 53,35
Ilecox (0,01-04 mm)
Sand (0,01-04 mm) kg 1,5 78 117 1,5 78 117
Cycnensiisi THYAATA BHCMYT 1 0.8 558,88 447,10 0,8 288,15 230,52
Bismuth titanate suspension
Koaep Color 1 0,027 1390 37,53 0,027 1390 37,53
Hroro: Total 654,98 438,4

OfHaKo IpU pacyere pacxojia CTPOUTEIbHBIX MATCPHAIIOB
Ha OpoM3BOACTBO 1 M GeToHHOM cMecH M 1 M? caMOOYHIIAK0-
mieics MTYKaTypKd CTOMMOCTh Pa3iMyaeTcs HE3HAYUTEIBHO.
CebGecTonMocTh Ha 1 M3 GETOHHOI CMecH, coiepIKaIeil To6aBKy
TUTaHaTa BUCMYTa, CHHTE3MPOBAHHOTO 1O TBepaodazHOH Tex-
HOJIOTHH, cocTaBisgeT 6463,00 py0; Mo IUTPATHOMY METOAY —
6170,68 py6. CebecroumocTs 1 M? caMoouMILaroNIeHics MTyKa-
Typku coctaBiseT 6723,04 pyd. u 6699, 23 py0., cooTBeT-
CTBEHHO.

Hcxons u3 BBIICU3TI0KEHHOTO MOXXHO OTMETHTB, YTO BBE-
JICHHE THTaHATa BUCMYTa, HE3aBUCUMO OT CIIoco0a MOJTyucHs B
COCTaB IIEMEHTHBIX KOMITO3UIIMIA MO3BOJSICT HE TOJBKO IOITY-
4Yarh CTPOUTEIBHBIE MATEPUAJbI C MOBBIIICHHBIMH MPOYHOCT-
HBIMH, (DOTOKATATUTUIECCKIMHU ¥ OUOIMIHBIMU CBONCTBAMH, HO
U CIIOCOOHBIMU KOHKYPHPOBATh HAa CTPOUTEILHOM PhIHKE.

3akiaouenue

B nanHO# cTaThe aBTOPHI IPOU3BOANIIN pacuyeT SKOHOMHUYE-
CKO# 3 PEeKTHBHOCTH MOSYUYCHUS M MPUMEHEHUS TOTH(YHKI[H-
OHAJILHOM 100aBKH Ha OCHOBE OKCHIHOMN cucrteMsl Ti0;-Bir O3,
UCTIOB3YeMOH Ul co31aHusl OETOHHBIX CMecel, CaMOOYHIIIat0-
MIMXCS L[EMEHTHBIX LITYKAaTypOK, 3aTHPOYHBIX PACTBOPOB LIS
MEKIUTUTOYHBIX ~ IIBOB,  OOJNQJalOIIMX  CTOMKOCTBIO K

However, calculating the consumption of building materi-
als for the production of 1 m? of concrete mix or 1 m? of self-
cleaning plaster, the cost varies slightly. The cost per 1 m® of a
concrete mixture containing the additive of bismuth titanate syn-
thesized via solid-state technology is 6463.00 rub; according to
the citrate-based method - 6170.68 rub. The cost of 1 m? of self-
cleaning plaster is 6723.04 rub and 6699, 23 rub, respectively.

According to the calculations, it can be concluded that the
introduction of bismuth titanate into the cement composition, re-
gardless of the synthesis method, allows to obtain building ma-
terials with increased strength, photocatalytic and biocidal prop-
erties capable of competing in the construction market.

Conclusions

In this article, the authors calculated the economic effi-
ciency of obtaining a polyfunctional additive based on the TiO,-
Bi,03 oxide system for designing concrete mixtures, self-clean-
ing cement plasters, grout mortars for ceramic tile that are re-
sistant to fouling by microscopic mold fungi. It was revealed,
that the bismuth titanate additive synthesized by the citrate-

329



Texuurxa u mexnonocus cunuxkamos. Tom 31, Ned4, 2024

00pacTaHUI0 MHUKPOCKOITUYECKUMU ICCHEBBIMU Ipudamu. Pac-
YeThl JICMOHCTPUPYIOT, YTO JO0OaBKa TUTAHATA BUCMYTa, CHHTC-
3MPOBaHHAs 10 MUTPATHOMY METONy, UMEeT 0oJiee HU3KYIO Ce-
OecToMMOCTh, YeM JM00aBKa, CHHTEC3HpPOBAaHHAS IO TBepaodas-
HoW TexHoNoruu. [Ipu pacdere pacxoa CTPOUTEIHLHBIX MaTCPH-
aJI0B Ha MMPOM3BOACTBO 1 M> GETOHHOrO cocTaBa M 1 M? caMo-
OUMINAIOMICHCS IITYKATYPKH CTOMMOCTh Pa3jinvaeTcsl He3HAYH-
TEJILHO, YTO MO3BOJISIET UCIOJIL30BATH 00a CII0c00a ee MPOU3BO/I-
CTBA.

B pesyinbTare KOMILIEKCA MPOBEICHHBIX PAaCYETOB U HCCIie-
JIOBAaHUW aBTOPBI MPUILIA K 3aKIFOUSHUIO, YTO MOJU(YHKIHO-
HajbHasg 700aBKa Ha OCHOBE OKcuHOM cucteMsl Ti0,-BixO3 Mo-
KET MPUMEHSTHCS IS TMOJYYEHHUS HIUPOKOr0 CIIEKTpa CTPOU-
TEJBHBIX MAaTCPUAJIOB U PACHIUPUTH UX HOMEHKIIATYPY, TEM Ca-
MBIM, CIIOCOOCTBYSI MMIOPTO3aMCIIICHUIO Ha POCCUICKUX PHIH-
Kax CTPOUTEIbHBIX MAaTEPHAJIOB.

Jlntepatypa:

1. Wang Y., Lei L., LiuJ., Ma Y., Liu Y., Xiao Z., Shi C. Accelerators
for normal concrete: A critical review on hydration, microstructure and
properties of cement-based materials // Cement and Concrete Compo-
sites. - 2022. - Vol. 134. - DOI 10.1016/j.cemconcomp.2022.104762.
2. Barabanshchikov Y., Vasil’ev A.S. The effectiveness of setting and
hardening accelerators for sprayed concrete // Magazine of Civil Engi-
neering. - 2012. - 34. - p. 72-78. DOI: 10.5862/MCE.34.11.

3. CepatokoBa A. A., Paxumbaes U. I1I. O mexaHusme eHCTBUS yCKO-
putenell cxBaTbIBaHWS M TBEPACHMS LIEMEHTHOH MaTtpuiubl OeToHa //
Becmuux BI'TY umenu B. I'. Illyxosa. - 2013. - Ne2.

4. benoyc H. X., Komesap B.J., Kpeep T.B. Baustaue no6aBok kuc-
JIOTHOTO THUINA Ha yI00OYKIAIbIBAEMOCTh M IPOYHOCTHBIC CBOWCTBA
IACTU(GUIMPOBAHHBIX MOPTIAHALEMEHTHBIX cucteM // JKypHan npu-
xkaaonou xumuu. —2009. — T. 82. — Ne 10. — C. 1700-1705.

5. benoyc H. X., Komesa B./l., Ponuesuu C.I1. KommuiekcHrle 3amen-
uTenH ruapodoOHO-CTPYKTYPHUPYIOLIETO THIIA M X BIIUSIHUE HA CBOIi-
CTBa MIACTH(OUIIMPOBAHHBIX OCTOHOB // JKypHan npukiaoHot xumuu. —
2009. —T. 82.—Ne 9. — C. 1566-1570.

6. IMTamesckas H. B. MoHocaxapuasl Kak 3p(eKTHBHBIC 3aMeTUTEIN
CPOKOB CXBAaTbIBaHHsI TAaMIIOHAKHBIX PacTBOpoB // Cmpoumenbcmeo
HeQhMAHbIX U 2A308bIX CKBANCUH HA cyuie u Ha mope. —2017. — Ne 6. —
C. 29-31.

7. Kynenko, O.A. Vcnons30BaHue XUMUYECKUX JOOABOK B MOHOIUT-
HBIX OCTOHHBIX U JKEJIE300CTOHHBIX KOHCTPYKIHAX // Becmuux Ionoy-
K020 2ocyoapcmeenno2o yHueepcumema. - 2010. - Ne12. - 10 c.

8. Brykov A., Panfilov A.S., Medvedeva I.N., Mokeev M. Structure of
modern commercial polycarboxylate plasticizers and their effect on the
properties of portland cement materials // Cement and its application. -
2018. - Ne2. - C. 86-93.

9. Ben Aicha M. The superplasticizer effect on the rheological and me-
chanical properties of self-compacting concrete // New Materials in
Civil Engineering. - 2020. - P. 315-331. DOI 10.1016/B978-0-12-
818961-0.00008-9.

10. ®enocos C.B., Pymsuuesa B.E., Konosanosa B.C., EBcsikos A.C.
KonbmaTauust: sBJI€HHE, TEOPHS, IEPCIEKTUBBI NPUMEHEHHUS UL
YIIpaBJIEHHs TpoleccaMu Koppo3un 0eToHoB // CTpOUTENBHEIE MaTe-
puansio. - 2017. - Ne 10. C. 10-17.

11. bornanos P. P., Mycradun A.A., llle6anosa C.H. Bnustaue ruapo-
(hobusupyronmx N00aBOK Ha CBOMCTBA IEMEHTHBIX KOMIIO3UIMH //
Becmuux mexnonozuueckoeo ynueepcumema. - 2015. - T.18. - Ne21.
12. BoiitoBuu B.A., XpsanuenkoBa W.H. HampaBnenus npumeHeHus
ruapogodusaropo B crpoutenbcrse // Construction materials. - 2015.
Ne7.

13. Jle6enosa H.H., I'opnenko H.I1., Hexopome B.I1., Capkucos 0.C.,
3aebsuioBa E.H., 3aBbsmoB I1.6. 'uapodobuzatop Ha OCHOBE OKUCIICH-
HOTO aTaKTHYECKOT0 MONUINpoIiieHa // Hzsecmusa Tomckozeo nonumex-
Huueckozo ynusepcumema. - 2013. - T. 322, - Ne 3. - C. 91-94.

14. Batun H.W., Bapa6anmuxo 10.I'., Komapuackunit M.B., CmupHOB
C.U. Moauduxanust 1uToii OETOHHONH CMECH BO3/1yXOBOBJICKAIOLICH

330

based method has a lower cost than the additive synthesized by
solid-state technology. The cost of materials for the production
of 1 m? of concrete or 1 m? of self-cleaning plaster differs
slightly, which allows to apply both methods of its production.

As a result of calculations and studies, the authors con-
cluded that a polyfunctional additive based on the TiO,-Bi>O3
oxide system can be used to obtain a wide range of building ma-
terials and expand their range, thereby contributing to import
substitution in the Russian construction materials markets.
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