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AHHOTANA

Benvlii nopmnanoyemenm ycnewno npumeHaemcs 0 6036€0eHUs APXUMEKMYPHBIX COOPYICEHUI U OeKOPUPo8anus (acados 30anuil, a
TAKdHCe CLYHCUM OCHOBHBIM KOMNOHEHMOM MHOUX CYXUX CIMPOUMENbHBIX cMecell, NPUMEHAeMbIX O 6HYMpPeHHell OmOenKu nomewenuil. B
OaHHOM UCCTO08AHUL UZYUEHO EUAHUE 6blCOKOOUChEepCH020 nopowka AEROXIDE TiO: P25 ¢ yoenvnoii nosepxiocmuio pasnoii 50 m%/2 na
cocmas, CmpyKmypy u c8oticmea 2u0pamupo8annozo beioeo nopmuanoyemenma. B pabome ucnonvzosanucs 06a euoa 6envix yemenmos,
OMIUYAIOWUXCA MUHEpano2uyeckum cocmaeom. Iloxkasano, umo ckopocms hopmuposanus npooyKkmos udpamayuil, YCmanosieHHas npu
NOMOWU PeHmeeHohaz06020 AHAIU3A, KOTUYECMEA 00PA306aHHO20 NOPMAAHOUMA U CIeneHu 2uopamayuu, npu 6600 8biCOKOOUCHEPCHO20
nopowika ouoxcuoa mumana yseauuusaemcs u oocmueaem 88-90 %, umo na 3-5 % bonvuie, uem y KOHmMpoRLHLIX 6€3000aA80UHBIX 0OPA3YOB.
Yemanoeneno, umo npucymemeue TiO2 6 cocmage 3ameopeHHbIX YyeMeHMOo8 OKA3bl8aem 6IUsHUE HA MUKDOCMPYKIMYDY YEMEHMHO20 KAMHL:
pacnpeoeiienue Kpucmaniocuopamos CmaHosumcsi 60aee pagHoMepHbIM, a ux pasmep ymenvuiaemcest ¢ 10-35 mxm 0o 8-22 mxm. Hanuuue 6
cocmase yemenmos OUOKCUOa mumaHa npudaem um dQgexm camooyuyeHus, 8 pe3yivmame 4e2o yxce nocie 4 4acoe 06pabomku nogepx-
Hocmu Y @-uznyuenuem ona ouuwaemcs om @HewHe2o 3azpsaznumens Ha 67-80 %. OnmumanbHblM KOAUUeCmeoM 6600a OUOKCUOA MUMAHA
6 cocmas Oenvix yemenmos mModicno cuumams 1 %, umo obecneuusaem conocmagumvle ¢ 6€30006a604HbIMU COCMABAMU NPOYHOCIIHBIE XA-
PAKMEPUCTMUKU.
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ABSTRACT

White Portland cement is successfully used for the construction of architectural structures and decoration of building facades, and also
serves as the main component of many dry building mixtures used for interior decoration. In this study, the effect of highly dispersed powder
AEROXIDE TiO2 P25 with a specific surface area of 50 m2/g on the composition, structure and properties of hydrated white Portland cement
was investigated. Two types of white cements differing in mineralogical composition were used in the work. It is shown that the rate of
formation of hydration products, established by X-ray phase analysis, the amount of formed portlandite and the degree of hydration, with the
introduction of highly dispersed powder of titanium dioxide increases and reaches 88-90%, which is 3-5% more than in control samples
without addition. It was found that the presence of TiO: in the composition of the set cement influences the microstructure of cement stone:
the distribution of crystalline hydrates becomes more uniform, and their size decreases from 10-35 microns to 8-22 microns. The presence
of titanium dioxide in the composition of cements gives them the effect of self-cleaning, as a result of which after 4 hours of surface treatment
with UV radiation it is cleaned from external contaminant by 67-80%. The optimum amount of titanium dioxide in white cements can be
considered as 1 %, which provides comparable strength characteristics with non-supplemented compositions.
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BBEJIEHUE

ObecnieucHre KOM(OPTHOW Cpeibl OOUTAHUS YCIOBCKA B
HaCTOsIILEe BPEMs SIBISIETCS IEPBOCTEIIEHHON 3aJauyell CTpOU-
TENBHOH oTpaciu. i1 3TOro BBIOMPAIOTCS MAaTepUAIbI, YI0-
BJICTBOPSIONINE HE TOIHKO 3KOHOMUYECKUM TPEeOOBaHUAM, HO
W 3CTETHYCCKUM. belblif MOpTIaHIIeMeHT B JAHHOM aCIICKTe
YCHOEIIHO MPUMCHACTCA JId BO3BCACHUA APXHUTCKTYPHBIX CO-
OpyKeHHI W JeKopupoBaHUs (acamoB 3maHuil. bensiit mopT-
JIAHJLEMEHT HalleJl IIUPOKOe NMPUMEHEHHE B COCTaBe MHOTHX
CYXHUX CTPOUTEIBHBIX CMECEH, TPIMEHIEMBIX ISl BHYyTPEHHEN
OT/ACNIKH omerieHui 1, 2].

OcHOBHas1 XapaKTEPUCTHKA OEIOro MopTIaHALEMEHTa CTe-
MeHb OETM3HBI MOXKET WU3MEHATHCS B JOCTATOYHO IITUPOKUX
npezenax. B TeXHOJIOrM4eckoM Ipolecce CTerneHb OeM3HBI
3aBHCHUT OT MUTMEHTHPYIOINX COCTUHEHUN B COCTABE CHIPhE-
BO# cMecH, TIPOTEKaHUs 00XKUTa KIIMHKEPA U €T0 OXJIAXKICHIS,
a TaKKe AUCTIEPCHOHHOTO cocTaBa Oeroro memeHTa [3-5].

CoxpaHeHue OeTM3HBI OBEPXHOCTEH 00BEKTOB HA OCHOBE
0enoro IeMeHTa SABJSAETCSA TIABHOM 3ajadeil B TEXHOJIOTHU
CTPOUTENFHOTO MaTEPUATIOBEACHUS, MIOCKOIBKY HM3-32 HAKOII-
JICHUS Ha MTOBCPXHOCTHU IEMCHTHOT'O KaMHs MbUJIM U OpraHnye-
CKUX 3arps3HHUTENCH OHH C TCUCHHEM BPEMEHH TEPSIOT CBOIO
ObuTyIO Oenu3HYy.

O dekTUBHBIM CTTOCOOOM OYHCTKH TOBEPXHOCTH OOBEKTOB
HAa OCHOBE 0eJIOTO MOPTIAHIIEMEHTa MOXET CITy>KUTh BBEJIC-
HHUE B €ro COCTaB J100aBOK-(hOTOKATAIN3aTOPOB, KOTOpPHIE 32
CYET NPEOJIOICHUS dHEepreThdeckoro dapnepa mpu Y P-uzmy-
YCHUHU CITOCOOCTBYIOT YCKOPEHHIO (DOTOXUMHUYCCKON peaKIiu
pa3I0KEeHUsT OPraHNIECKUX COCAMHEHUH C IOCIIEeIYIOIUM 00-
pa3oBaHUEM YIJICKUCIIOTO Ta3a U Bojbl [6-11]. DddexTuBHOE
neiicTBrue (poToKaTammu3aTopa MPOSBIIETCS HPH COOIOJCHUN
psina tpebosanmii [11,12]:

- CBET JIOJDKEH OBITH NOTJIONIEH (DOTOKATAITM3ATOPOM C yue-
TOM JIEKTPOH-IBIPOYHBIX TIap;

- TPOLIECC MUTPAIMU JJIEKTPOHOB U JIBIPOK K PEaKI[HOH-
HOMY IIEHTPY JOJDKCH JOMHUHHPOBATH HAJ IPOIIECCOM X Mac-
COBOM peKOMOMHAIINY;

- IPOIIECCHI TOBEPXHOCTHON peKOMOMHAIINY TOJKHBI OBITH
CHIDKEHBI; IPU TPOBEICHIH TEPMOTUTHAMUYICCKA HEBBITOHBIX
peakiuii B OTCYTCTBHE CBETa HEOOXOANMO CO3J]aBaTh YCIOBUS
JUTS pa3/IeiCHUs IICHTPOB OKUCIICHUS H BOCCTAHOBJICHUS;

- MaTtepuan (orokaranu3aropa IODKEH OBITh CTaOHMJICH B
PEaKIMOHHBIX YCIOBUSX.

Haubonee pacmpocTpaHeHHBIM Ha CETOIHSIIHUNA JCHB 10~
JYTIPOBOJHUKOM ISl peakuuii (pOTOXMMHUYECKOTO OYHUIICHHS
BBICTYTIA€T JUOKCHJ THTaHA, YTO OOYCIOBICHO €ro BBICOKOU
3¢ PEKTUBHOCTPIO U OTHOCHTEIHLHO HM3KOH CTOMMOCTHIO. Ko-
maecTBo BBoJia TiO2 B cOCTaB IEMEHTa 3aBUCHT OT €ro Xapakx-
TEPUCTUK W YCIIOBUH JKCIUTyaTallMl OOBEKTAa U MOXKET U3Me-
HATbes oT 1 10 10 % [13-16]. YBenuuenue conepkanus TUOK-
cHJla TUTaHa B COCTaBe [IEMEHTa CII0OCOOCTBYET pOCTy (OTOKa-
TAIUTHIECKON CIIOCOOHOCTH ITOBEPXHOCTH IIEMEHTHOT O KaMHS,
HO CHIJKAEeT ero npoyHocTHele cBoricta [10,11, 17].

Kak ycranosneno, BBenenne TiO, BIuseT Ha reTepOTeHHOE
3apoJpIIe00pa3oBaHNe W TMOBHIMIACT CKOPOCTh THAPATAIINU
nemenrTa [ 11, 17], a Takxe U3MeHsAeT KaueCTBEHHBIHM COCTaB Iie-
MEHTHOTO KaMHs BBUAY OOpa30BaHHS THAPOTHTAHATOB Kajlb-
LSl M 3aII0JIHEHHUS IOPOBOT'O MPOCTPAHCTBA B CTPYKTYpE Lie-
MEHTHOH MaTpHUIBl METKOANCIEPCHBIM 3aIlOTHUTEIEM — II0-
pomrkom TiO; [18,19].
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INTRODUCTION

Providing a comfortable human environment is cur-
rently the primary task of the construction industry. For
this purpose, materials are chosen that meet not only eco-
nomic requirements, but also aesthetic ones. White Port-
land cement in this aspect is successfully used for the con-
struction of architectural structures and decoration of
building facades. White Portland cement is widely used in
the composition of many dry building mixtures used for
interior decoration [1, 2].

The main characteristic of white Portland cement is the
degree of whiteness, which can vary over a wide range. In
the technological process, the degree of whiteness depends
on the pigmenting compounds in the raw material mixture,
clinker burning and cooling, as well as the dispersion com-
position of white cement [3-5].

Preserving the whiteness of the surfaces of white ce-
ment-based objects is a major challenge in building mate-
rials technology, as they lose their former whiteness over
time due to the accumulation of dust and organic pollu-
tants on the surface of cement stone.

An effective way to clean the surface of objects based
on white Portland cement can be the introduction of addi-
tives-photocatalysts, which due to overcoming the energy
barrier at UV-irradiation contribute to the acceleration of
the photochemical reaction of decomposition of organic
compounds with the subsequent formation of carbon diox-
ide and water [6-11]. The effective action of the photocata-
lyst is manifested if a number of requirements are met
[11,12]:

- light should be absorbed by the photocatalyst taking
into account electron-hole pairs;

- the process of migration of electrons and holes to the
reaction center should dominate over the process of their
mass recombination;

- surface recombination processes should be reduced,
when thermodynamically unfavorable reactions are car-
ried out in the absence of light, it is necessary to create
conditions for separation of oxidation and reduction cen-
ters;

- photocatalyst material should be stable under reaction
conditions.

The most common semiconductor for photochemical
purification reactions today is titanium dioxide, which is
due to its high efficiency and relatively low cost. The
amount of TiO; input in the cement composition depends
on its characteristics and operating conditions of the object
and can vary from 1 to 10% [13-16]. Increasing the con-
tent of titanium dioxide in the cement composition con-
tributes to the growth of photocatalytic ability of the ce-
ment stone surface, but reduces its strength properties
[10,11,17].

It was found that the introduction of TiO, affects het-
erogeneous nucleation and increases the rate of cement hy-
dration [11, 17], as well as changes the qualitative compo-
sition of cement stone due to the formation of calcium hy-
drotitanates and filling the pore space in the structure of
the cement matrix with fine aggregate - TiO, powder [18,
19].

Previously, we found that the optimal amount of TiO»
input in the composition of white Portland cement can be
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Panee HamMu OBLIO YCTAaHOBJICHO, YTO ONTUMAIIEHBIM KOJH-
gectBOM BBoga TiO, B cocTaB 0eJioro MOpPTIAHALEMEHTA
MOYKHO CUUTATh Auana3oH oT 1 10 5 % [20]. Takoe konu4ecTBO
JIMOKCHUJIa TUTAHA B COCTABE I[EMEHTA MO3BOJISICT IICMEHTHOMY
KaMHIO COXPaHHOCTh €r0 IPOYHOCTH U o0ecriednBaeT HeoOxo-
muMbIi 3 dext camoounmenwst [11].

eap Hay4yHO-HCC/IEI0BATEIbLCKOW PadoThl: H3yUYCHHE
cocTaBa, CTPYKTYpPHI W CBOWCTB THAPATHPOBAHHOTO OEIOTro
MOPTJIAHAIIEMEHTa C TUOKCHIOM THUTaHA M CIIOCOOHOCTH Iie-
MEHTHOI'O KaMHsI Ha €T0 OCHOBE K CAMOOYHILIEHHUIO OT BHELIHUX
3arpsA3HUTENEN.

MaTepuaﬂu H METOAbI UCCJICA0BAHUA

B kauecTBe 0OBEKTOB HCCIICIOBAHUS NCIIOJIB30BAJIM OEbIe
noptianatemMenTsl Mapku [11B-1-500-110 erunerckoro (ITLb-
Eruret) u typerkoro (ITLb-Typuus) npousBoactea. [laHHbIC
BUJIbI IIEMEHTOB COIVIACHO CepTU(HUKATY COOTBETCTBHS IO Oe-
JIM3HE, IPOYHOCTHBIM XapaKTEPUCTUKAM M XHMHYECKOMY CO-
craBy coorBercTBYIOT 'OCT 965-89. Xumnueckuii cocras Oe-
JIBIX IIEMEHTOB TIPEICTaBNIEH B Tabimie 1. PacueTHsrit MuHepa-
JIOTHYECKUI COCTaB IIEMEHTOB M UX MOJYJIbHBIE XapaKTepu-
CTUKH MPHUBEACHBI B TA0IHIIE 2.

Bmusane nopomka AEROXIDE TiO, P25 na cocras,
CTPYKTYPY M CBOMCTBa THAPATUPOBAHHOTO OENOro MOpPTIIAHI-
[IEMEHTA U €r0 ()OTOKATATUTHYECKYIO aKTUBHOCTD yCTaHABIIHN-
BaJIM TIPH OMOIIN (PU3MKO-XMMHUYECKHX METO/IOB aHalIn3a.

TABJIULA 1. XUMHUYECKHWI COCTAB LIEMEHTOB

Table 1. Chemical composition of cements

considered to be in the range from 1 to 5 % [20]. Such an
amount of titanium dioxide in the cement composition al-
lows the cement stone to preserve its strength and provides
the necessary self-cleaning effect [11].

The purpose of the research work: study of compo-
sition, structure and properties of hydrated white Portland
cement with titanium dioxide and ability of cement stone
on its basis to self-cleaning from external pollutants.

Materials and methods

As objects of the study, we used white Portland cement
of PCB-1-500-D0 grade of Egyptian (PCW-Egypt) and
Turkish (PCW-Turkey) production. These types of ce-
ments according to the certificate of conformity on white-
ness, strength characteristics and chemical composition
correspond to GOST 965-89. Chemical composition of
white cements is presented in Table 1. Calculated miner-
alogical composition of cements and their modular char-
acteristics are given in Table 2.

The effect of AEROXIDE TiO; P25 powder on the
composition, structure and properties of hydrated white
Portland cement and its photocatalytic activity was deter-
mined by physicochemical methods of analysis.

Coaep:xaHue OKCUAOB, %
Bua nemenrta Oxide content, %
Type of cement Eo's‘s‘;s Si0, | ALOs | Fe0s | CaO | MgO | SOs c R:0 | CaOcn
[MIb-Erumner
PCW-Egypt 0,74 20,13 4,85 3,83 62,29 1,13 6,18 0,01 0,72 3,07
TIHb- Typuus
PCW-Turkey 0,81 11,09 27,97 5,43 46,96 1,34 6,38 0,07 0,01 2,67

TABJIAIA 2 PACYETHBI MUHEPAJIOTUYECKHI COCTAB IIEMEHTOB U X

MOJAYJIbHBIE XAPAKTEPUCTHUKHA

Table 2 The calculated mineralogical composition of cements and their modular characteristics

Bua nemenra

Copep:xaHne MHHePaJoB, %
Mineral content, %

MoayibHble XapaKTepH-
CTHKH
Modular characteristics

Type of cement
CsS C2S CiA C4AF MgO CaOe | CaSOs4 KH n p
[MIb-Erumner
PCW-Egypt 56,96 28,66 6,35 0,82 0,25 3,07 2,76 0,91 8,81 9,48
IIHb- Typuus
PCW-Turkey 45,03 32,19 11,25 0,67 1,34 2,67 2,85 0,88 5,02 19,91

IMopomrok muokcuaa tutana AEROXIDE TiO; P25 npowus-
BoactBa Evonik Industries AG (I'epmanus) Ha 99,5 % npen-
craBiieH TiO,. CornacHo peHTreHo(ha30BOMY aHAIM3y B CO-
CTaBe MOPOIIKA MPUCYTCTBYIOT (ha3bl aHATA3A M PyTHIIA IIPH OT-
CYTCTBUH TU(PPAKIIUOHHBIX OTPAKEHHIA BTOPOCTCIICHHBIX MH-
HepaJ'lOB. HOpOHJOK JUOKCHUIa TUTAaHA UMECT BBICOKy}O y;[em)-
HYIO MOBEPXHOCTb paBHyIo 50 M%/T, py HEGOIBLIOM CPEIHEM
pasMepe JacTuil paBHOM 21 HM.

Titanium dioxide powder AEROXIDE TiO, P25 pro-
duced by Evonik Industries AG (Germany) is 99.5% TiO,.
According to X-ray phase analysis in the powder compo-
sition there are phases of anatase and rutile in the absence
of diffraction reflections of minor minerals. Titanium di-
oxide powder has a high specific surface area of 50 m%/g,
with a small average particle size of 21 nm.

TiO; oxide was added to each of the white cements in
amounts of 1% and 5%. Homogenization of the binder
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Oxcup TiO» BBOIUIICS B KaXIbIi 13 OCITBIX [IEMEHTOB B KO-
mnuectBe 1 U 5 %. I'oMoreHu3amust COCTaBoB BSXKYIIUX MaTe-
pHANIOB OCYIIECTBISUIACH B (papPopoBoOil METHHHUIIC B TCUCHUE
120 MuHYyT.

®Da30BEIil cocTaB OENBIX IEMEHTOB MAaTEpHAJIOB, a TAKKe
MPOAYKTOB WX THIPATAIlMA B pa3HbIE CPOKH TBEPACHUS U
Habopa MPOYHOCTH MPOU3BOIIIIN HOCPEIACTBOM ITOPOIIKOBON
peHTreHoBckoi audpakunn Ha auppakromerpe ARL X TRA
Thermo Fisher Scientific B quana3zone qBOWHBIX yTiI0B 4-64° ¢
MOCTIeTYIoMmer pacminppoBKod AU(DPAKIHOHHBIX OTPAKCHHN
Ha OCHOBE KapTOTEKU MEXyHapoaHOW 0a3bl HaHHBIX Interna-
tional Centre for Diffraction Data.

XUMUYECKUH COCTaB MPUMEHSEMBIX OCNBIX MOPTIAHIIe-
MEHTOB M BBICOKOJMCIIEPCHOTO IOPOIIKAa AWOKCHIA THUTaHA
YCTaHABIMBAIM TPU IOMOIIH PEHTTCHO(IYOPECICHTHOTO
cnektpomerpa cepur ARL 9900 WorkStation mocpencteom
mepecdera 3JIEeMEHTapHOTO COCTaBa MPOObI Ha OKCHIHBIA CO-
TJIaCHO CTEXMOMETPHUECKHM COooTHomeHusM. CopepxkaHue
CcBOOOJTHOTO OKCHA KaNBIM B IEMEHTAX OIMPENessIOCh CO-
riaacHo 'OCT 5382-2019 sTuneHoBo-IIHLEepaTHBIM METOOM.

CrocoOHOCTH 6€TT0T0 MOPTIAHIIEMEHTA K CAMOOYHUIIICHUIO
ocJie BBOJA BBICOKOAMCIIEPCHOT'O TUOKCHIA TUTAHA B €TI0 CO-
ctaB ouenuBanu corsacHo ['OCT P 57255-2016 no u3meHe-
HUIO CTaTHIECKOTO KPaeBOT0 YIJla CMaYMBAHUS TTOCIIE BO3ICH-
ctBus Y®D-n3myueHHs Ha HOBEPXHOCTb, Ha KOTOPYIO Oblia
HaHECeHa OJIEMHOBAs KHUCIIOTA.

MUKpPOCTPYKTypa IEMEHTHOTO KaMHs M3y4ajach Ha 3JICK-
tpoHHOM MuKpockorie TESCAN MIRA 3 LMU B pexume pa-
OOTBI IETEKTOPOB BTOPHYHBIX M OOPATHO-OTPAKCHHBIX 3JICK-
TPOHOB. XMMHYECKHI cOCTaB 00pa30BaHHBIX KPHCTAJLIOTHI-
paToB YCTaHABIHMBAJICS MOCPEICTBOM SHEPTOIUCIICPCHOHHOTO
aHanu3a.

Pe3yabTarsl 1 HX 00cy KAEHHeE.

Panee Hamu OBLIO MOKA3aHO, YTO BBEJCHUE B COCTaB Oc-
JIBIX MMOPTIAHAIIEMEHTOB BHICOKOUCIIEPCHOTO ITOPOIIIKA TUOK-
CH/Ia TUTaHA CYIIECTBCHHO BIMSACT HA CBOWCTBA IIEMEHTHOTO
pacTtBopa: yBenuuuBaercs Ha 1,6-4,5 % HOpMallbHas TYCTOTa,
COKpamaroTcs Ha 6-15 MUHYT CPOKH CXBaTHIBAHMS, BOJOOT/IE-
nenue cHrkaercs Ha 4-10 % [20].

Kak OpIJI0 yCTaHOBIICHO AMOKCH TUTaHA BIMSET HA THI-
paTalMOHHYIO aKTUBHOCTH OCJBIX MOPTIAHAIIEMEHTOB: TEILIO-
Boii 3 ekt acopOLMOHHOM cTaauu, yBennunBaercs Ha 15-20
%, a MHIYKIWOHHEIA TIEPUO]] MPOTEKaHUS PEaKIIUU COKpaIa-
ercs B cpeaHeM Ha 30-40 MUHYT, a IpoTEeKaHHE OCHOBHOM cTa-
JIIH THApATaIiy [leMeHTa nHTeHcudumpyercs [20].

B naHHOM HCCIEIOBAHUY N3YYCHHE BIUSHUS TUOKCUIA TH-
TaHa Ha MPOIECCH THAPATAMK MPOBOIUIIOCH PEHTTeHO(ha30-
BEIM aHAJIM30M 00pa3I[0B U3 OCIBIX MOPTIAHAIEMEHTOB, TBEP-
JIEBITUX B Pa3IUYHbIEC TIEPUOJIBI THAPATAIINH.

Ha nHawanpHOM 3Tame ruapaTtanuu (B 2-X CYTOYHOM BO3-
pacte), COTJIacHO MOJIyUYCHHBIM pe3yibTaraM peHTreHodaso-
BOTO aHaJIN3a, COCTAaB BCEX UCCIIETyEMBIX 00pa3IoB Oeloro 1e-
MEHTA TPEICTABICH CICAYIOIIUMHU MPOIYKTaAMHU THAPATAIIUN:
srTpuHTUTOM (d = 0,977; 0,568 HM™M), mopTnanauTom (d = 0,263;
0,493; 0,312 HM) ¥ HU3KOOCHOBHBIMH TUIPOCUITHKATAMHE KaJlb-
s (oOmupHas 06aacTh TUGPAKIIMOHHBIX OTPKEHUHN B IHUa-
Ma30HEe MBOMHBIX yTIIoB oT 25 1o 37 rpax.). Ha nudpaxrorpam-
Max TaKXe€ PUCYTCTBYIOT HE BCTYIMBILNE B PEAKLIUIO C BOJOU
¢a3er anmuta (d = 0,304; 0,278; 0,261 ™), benuta (d = 0,289;
0,278; 0,219 uM), a B cocTaBax C J00aBICHHEM BBICOKOJHC-
MIEPCHOTO TOPOIIKa JAWOKCHIA THTaHA Takke W aHata3 (d =
0,353 um).
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compositions was carried out in a porcelain mill for 120
minutes.

The phase composition of white cement materials, as
well as their hydration products at different curing and
strength gaining times was carried out by means of powder
X-ray diffraction on ARL X'TRA Thermo Fisher Scien-
tific diffractometer in the range of double angles 4-64°
with the subsequent interpretation of diffraction reflec-
tions on the basis of the card index of the International
Centre for Diffraction Data international database.

The chemical composition of the used white Portland
cement and highly dispersed titanium dioxide powder was
determined using X-ray fluorescence spectrometer of
ARL 9900 WorkStation series by means of conversion of
elemental composition of the sample to oxide composition
according to stoichiometric ratios. The content of free cal-
cium oxide in cements was determined by ethylene-
glycerate method according to GOST 5382-2019.

The self-cleaning ability of white Portland cement af-
ter the introduction of highly dispersed titanium dioxide
into its composition was evaluated according to GOST R
57255-2016 by the change in the static wetting edge angle
after exposure to UV radiation on the surface to which
oleic acid was applied.

The microstructure of cement stone was studied on the
TESCAN MIRA 3 LMU electron microscope in the mode
of operation of secondary and back-reflected electron de-
tectors. The chemical composition of the formed crystal-
line hydrates was determined by energy dispersive analy-
sis.

Results and their discussion.

Earlier we have shown that the introduction of highly
dispersed titanium dioxide powder into the composition of
white Portland cements significantly affects the properties
of cement mortar: the normal density increases by 1.6-4.5
%, setting time is reduced by 6-15 minutes, water separa-
tion is reduced by 4-10 % [20].

As it was established titanium dioxide affects the hy-
dration activity of white Portland cement: the thermal ef-
fect of the adsorption stage increases by 15-20 %, and the
induction period of the reaction decreases on average by
30-40 minutes, and the course of the main stage of cement
hydration is intensified [20].

In this study, the influence of titanium dioxide on hy-
dration processes was studied by X-ray diffraction analy-
sis of white Portland cement samples hardened during dif-
ferent hydration periods.

At the initial stage of hydration (at 2-day age), accord-
ing to the results of X-ray phase analysis, the composition
of all the studied white cement samples is represented by
the following hydration products: ettringite (d = 0.977,
0.568 nm), portlandite (d = 0.263; 0.493; 0.312 nm) and
low-basic calcium hydrosilicates (extensive area of dif-
fraction reflections in the range of double angles from 25
to 37 degrees). The diffractograms also show the phases
of alite (d = 0.304; 0.278; 0.261 nm), belite (d = 0.289;
0.278; 0.219 nm), not reacted with water, and in composi-
tions with the addition of highly dispersed titanium diox-
ide powder also anatase (d = 0.353 nm).
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PUCYHOK 1
PEHTTEHOI'PAMMbBI THAPATHPOBAHHOI'O

HEMEHTHOI'O KAMHSI
NIBb-Eruner B 28-mu cyTo4HOM BO3pacrte

Figure 1

X-ray patterns of hydrated cement stone
PCW-Egypt at 28 days of age

PUCYHOK 2
PEHTTEHOT'PAMMBI I'MIPATUPOBAHHOI'O

HEMEHTHOTI'O KAMHS
HIb-Typuus B 28-Mu CyTOYHOM BO3pacTe

Figure 2

X-ray patterns of hydrated cement stone
PCW-Turkey at 28 days of age

Bl Ezunem
+
00 =
£ a0 E
- |
§ 20
g 150;% &
£ jmniT é I
£ B
* g 1w £
B Ezunem + 1% Tio, 4
& a
e B
L
:
£ ¢
H % L4
§ A
E
- ]

EML Ezupem + 5 % Ti0,
3a0

‘§ 300
2 280
E 200
150
100

Humencimn
= B

W 18 @@ 4 s 35 4 45 8 55
Yeon 28, zpadych

&MY Typuus

Lelae

Mrmancigracm
L
& B8
f .

o R e — e e s & |

10 15 0 25 a0 a5 a0 a5 50 a5
Yaon 28, apadycid
BN Typuun + 1% Ti0, %
4 =
-3 o
250 2
fon
T
E 1504
: o]
gy
g%
=

=
|
|
|

4@ i85 = @5 @®) a8 A0 48 &0 55

HHREABNHBE R, e

T SOy T U—Ty v — - - FTR  C A —
o 10 15 0 25 30 a5 40 45 o0 B5

81



Texnuxa u mexnonocus cunuxamos. Tom 31, Nel, 2024

IMpucyrcreue TiO; B ileMeHTaX CyIIECTBEHHO YCKOPSET TH-
paTaiuio CHINKATOB KaJbIIKs, O Y€M CBHECTEIBCTBYET YBEINYIC-
HHUE MHTEHCHBHOCTH peIIeKCOoB MOpTIaHuTa, OosbIas 00J1acTh
IPUCYTCTBUS COEIUHEHUIN C HEYNOPSAAOYEHHON CTPYKTYpPOH U
OoutpIliee CHIDKEHNE WHTEHCHBHOCTH AN(PPAKIIMOHHBIX OTpa)Ke-
HUW KIUHKEPHBIX CUJIMKATOB Kalbliusl (anuTa W Oenurta), 1Mo
CpaBHEHUIO ¢ 0€37100aBOYHBIMU IEMEHTaMHU.

K 7-Mu cyTouHOMY BO3pacTy HHTEHCHUBHOCTH Pe(IIeKCOB 00-
Pa30BaHHOrO TOPTIaHAWTa B 0€3700aBOYHBIX LEMEHTAX M0-
CTHIJIa aHAJIOTHYHBIX 3HAUYCHUH SKCIIEPUMEHTAIIBHBIX COCTaBOB
B 2-X CyTOYHOM Bo3pacte. [IpucyTcTByoT 1upakiiioHHbIE OT-
pakeHUs] HI3KOOCHOBHBIX THAPOCHINKATOB Kanbnus (d = 0,304
HM). KonndecTBo anura B GeNIBIX IIEMEHTAX C BBOJOM JAHOKCHIIA
TUTaHa IPOJOIDKAET COKPAIIATHCS, YTO IOATBEPXKIAETCS CHIKE-
HUEM MHTEHCUBHOCTH BCEX IH(PAKIMOHHBIX OTPAKEHUH, B TOM
9rcie U XapaKTepHoM st aiuTa pedurexce 0,177 M.

B Bo3pacre 28-Mu cyTOK B (ha30BOM cOCTaBe 00pa3IoB OEJIbIX
LIEMEHTOB C 00aBKOW IMOKCHIA TUTaHa qU(PAKLIUOHHBIE OTpa-
JKEHUS! annTa OTCYTCTBYIOT (prcyHOK | 1 2). IHTeHCHBHOCTD pe-
(iiexcoB (azbl HUI3KOOCHOBHBIX THAPOCHIMKATOB KaJbLUs BO3-
pocia B cpenreM oT 150 mo 190 ummn/c aist ocHOBHOTO pediiekca
0,304 M. IHTEHCHBHOCTb OTpaKCHUH OennTa CyIIECTBEHHO
CHU3WJIACH U ISl OCHOBHOTO IU(PAaKIHOHHOTO pediexca JaH-
Holt ¢azbl (d = 0,278 HM) HaxoauTes HIke 150 umr/c.

JIokcu TTaHa aKTUBHO BO3JCHCTBYET HA CUIIMKAThI Kallb-
U BHE 3aBUCUMOCTH OT COOTHOLICHHSI MEXAY (azaMH alnnuTa U
oenura. Tak, y TypeIKoro 1eMenTa, Coaepxaiiero 0osbliee Ko-
JIMYECTBO OENTa 10 CPABHEHHUIO C ETUIIETCKUM IIEMEHTOM, CHH-
’KEHUE MHTEHCUBHOCTH PE(IICKCOB IIPOUCXOJUT Ha OOJBIIIYIO Be-
JMYMHY B POLICHTHOM 3KBHBaneHTe (27,5 % CHIKEHNE NHTEH-
CUBHOCTH y erumnerckoro u 33,8 % cHIKeHHe MHTEHCUBHOCTHU
pediiekca y Typerkoro nemeHTa mnpu seojae 5 % Ti0»).

KonmuecTBO moOpTiaHanTa, MPHUCYTCTBYIOMIETO B COCTaBE
THJPaTHPOBAHHBIX O00pa3OB, YCTAHABIMBAIM IPHU IIOMOIIX
STHI-TNHLepaTHOTO Metona (Tabmuma 3). Conepskanne Ca(OH),
B 0€3100aBOYHOM COCTaBE ErHIIETCKOTO LIEMEHTa H3MEHSIIOCH OT
10,89 % B 2-x cyrounoM Bo3pacte 110 13,9 % B Bo3pacte 28 cy-
Tok. Hanmuue nnokcuia TMTaHa CyleCTBEHHO yBEINYHBACT KO-
JIMYECTBO BBIAEISIEMOrO MOPTIAHAUTA B THAPATUPOBAHHOM ILie-
menre: ipu | % TiO, coneprkanne MopTIaHIUTa H3MEHSETCS OT
12,49 no 14,58 % B 2-Xx U 7-MH CyTOYHOM BO3pacTe, COOTBET-
CTBEHHO; 1TpH 5 % coneprxkannu TiO, n3MEHEeHHEe MPONCXOAUT OT
12,74 no 15,74 % B Te e CpOKH.

The presence of TiO; in cements significantly accel-
erates the hydration of calcium silicates, as evidenced by
an increase in the intensity of portlandite reflections, a
larger area of presence of compounds with disordered
structure and a greater decrease in the intensity of dif-
fraction reflections of clinker calcium silicates (alite and
belite), compared to non-added cements.

By 7 days of age, the intensity of reflections of
formed portlandite in additive-free cements reached sim-
ilar values of experimental co-compounds at 2 days of
age. Diffraction reflections of low-base calcium hydro-
silicates (d = 0.304 nm) are present. The amount of alite
in white cements with titanium dioxide input continues
to decrease, which is confirmed by a decrease in the in-
tensity of all diffraction reflections, including the 0.177
nm reflex characteristic of alite.

At the age of 28 days in the phase composition of
samples of white cements with titanium dioxide addition
diffraction reflections of alite are absent (Figures 1 and
2). The intensity of reflections of the phase of low-base
calcium hydrosilicates increased on average from 150 to
190 imp/s for the main reflection of 0.304 nm. The in-
tensity of reflections of belite significantly decreased
and is below 150 imp/s for the main diffraction reflex of
this phase (d = 0.278 nm).

Titanium dioxide is active on calcium silicates re-
gardless of the ratio between alite and belite phases.
Thus, in Turkish cement containing a greater amount of
belite compared to Egyptian cement, the reduction of re-
flex intensity is greater in percentage equivalent (27.5 %
reduction of intensity in Egyptian cement and 33.8 % re-
duction of reflex intensity in Turkish cement when 5 %
TiO, is introduced).

The amount of portlandite present in the hydrated
samples was determined by ethyl glycerate method (Ta-
ble 3). The Ca(OH), content in the additive-free compo-
sition of Egyptian cement varied from 10.89 % at 2 days
of age to 13.9 % at 28 days of age. The presence of tita-
nium dioxide significantly increases the amount of re-
leased portlandite in hydrated cement: at 1 % TiO, the
content of portlandite changes from 12.49 to 14.58 % at
2 and 7 days of age, respectively; at 5 % TiO» content
the change occurs from 12.74 to 15.74 % at the same
time.

TABJIMIA 3 COAEP KAHUE NNIOPTJAHIUTA B IEMEHTHOM KAMHE BEJIBIX HEMEHTOB
Table 3 Portlandite content in cement stone of white Portland cements

KosnyecTBo nopriaangura, %
Bun nemenra Amount of portlandite, %
Type of cement 2 cyT 7 eyt 28 cyT
2 day 7 day 28 day
[Lb-Eruner 6/x
PCW-Egypt without additives 10,89 13,03 139
MLB-Eruner + 1% TiO>
PCW-Egypt + 1% TiO; 12,49 14,10 14,58
ILB-Eruner + 5% TiO>
PCW-Egypt + 5% TiO: 12,74 14,67 15,74
TLB- Typuus 6/1
PCW-Turkey without additives 11,19 12,63 13,24
MB- Typuus + 1% TiO2
PCW-Turkey + 1% TiO2 12,10 13,04 13,33
MLB- Typuus + 5% TiO2
PCW-Turkey + 5% TiO2 12,49 1421 14,58
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Copnepxanne Ca(OH), B 6¢3100aBOYHOM COCTAaBE TYPELIKOTO
meMeHnTa mMeHsiock oT 11,19 % B 2-x cyTouHOM BO3pacTe 10
13,24 % B BO3pacte 28 cyTtok. JJobasnenue 1 % nuokcuaa Tu-
TaHa CPaBHUTENBHO YBEJIMYMBACT KOJIWYECTBO TOPTIAHIUTA
TOJILKO B Ha4YaJIbHBIE CPOKHM TBepAeHus. Benenue 5 % TiO, us-
menseT copepxkanue Ca(OH), Ha 1,3 % B 2-X cyTOYHOM BO3pacTe
n Ha 1,34 % — B 28-MH1 cyTOYHOM BO3pacTe.

CreneHp ruipataiuy B 28-Mu CyTOYHOM BO3pacTe 00pasioB
0eJIbIX MOPTIAH/IIEMEHTOB MPH BBEICHUHU 5 % JHOKCH/IA THTAHA
0oubIIe, 9YeM y KOHTPOJIBLHOTO, U JJIsl ETUIETCKOTO IEMEHTa CO-
crasisieT 90 %, a g Typernkoro nementa — 88 %. Brenenue 1
% Ti0O, yBenmuuBaeT cTerneHs ruaparanu Ha ~2 u 3 %. [20].

W3yueHne MHUKpPOCTPYKTYPBI IIEMEHTHOIO KaMHsI, TOJIy4YeH-
HOT'O Ha OCHOBE KOHTPOJIBHBIX M IKCIIEPUMEHTAJIBHBIX COCTABOB
0eJIbIX LIEMEHTOB B 28-MHU CyTOYHOM Bo3pacTe (PUCYHOK 3), 1103-
BOITHIIO YCTAHOBHTH, 4TO (DOPMUPYEMBIE B POLIECCE THApATAIINN
KPUCTAJLTBI UMCIOT POMOHMYCCKYIO, IIACTUHYATYI0 M WUTOJIbYa-
Tyto ¢Gopmbl. [ToMHMMO NpPOIYKTOB peakiuil B3aMMOJCHUCTBHS
KIIMHKEPHBIX MHHEPAJIOB C BOJOH, COCTaB IIEMEHTHOT'O KAMHS CO-
JICPIKUT TaK)Ke HE BCTYNMBIIME B PEAKLHUIO KPUCTAIUIbI Oenuta
OKpYTIOH (OPMBI, KOJHMYECTBO KOTOPBIX HA PacCMATPHBACMBIX
CKOJIaX TIOBEPXHOCTH YMEHBIIIACTCS TIPU YBEIMUCHUH COJICPIKA-
HUSI IMOKCHUJIA TUTAHA KaK JUIsl eTUIETCKOTO [IeMEHTa, TaK U TY-
penkoro. CocTaBiieHUE KapThl pacpeICICHUS 3ICMEHTOB ITOKa-
3aj0 OoJjiee paBHOMEPHOE HAXOXKJCHUE KPUCTAIUIOTHAPATOB B
00BeMe IIEMEHTHOT'O KaMHsI, B OCOOCHHOCTH aJTMMOCOIEPIKAIIIIX
(a3. Pasmep ormenbHO B3ATHIX MPOIYKTOB TMApaTalliM HaXo-
qurcs B ipeaenax 10-35 MKM U YMEHBIIIAETCs [TPU YBEITUYCHUH
koHentpanuu TiO, B coctaBe 10 8-22 MKM. BBeneHHbIH B Iie-
MEHTBI THOKCH]| THTaHAa, COrJIACHO MPOBEICHHOMY JHEProJIic-
MEPCUOHHOMY aHAIIU3Y, MPUCYTCTBYET KaK B BUJE OTICIILHO B3sI-
TBIX arJoMepaToB aHaTasa, TaKk U B HE3HAYNTEIILHOM KOJINYECTBE
B COCTaBE KPHCTAILIOTHIPATOB, MPEHMYIIIECTBECHHO THIPOCHITH-
KaTOB KaJbIIUs Pa3HOW OCHOBHOCTH (KOJMYECTBO JUOKCHJIA TH-
TaHa u3MeHsutoch oT 0,5 mo 4,3 % mpu 1 u 5 % conepxanun
Ti0,).

PUCYHOK 3

MUKPO®POTOI'PA®HUHN IMOBEPXHOCTH
CKOJIA TEMEHTHOT' O KAMHSI

B 28-MH CyTOYHOM BO3pacre:

a) [IIb-Eruner 6/x;

0) IIIIB-Eruner + 1% TiO2;

B) [IIIB-Eruner + 5% TiO2;

r) I B-Typuus 6/xa;

1) MOB-Typuus + 1% TiOz;

e) [IIB-Typuus + 5% TiO:

Figure 3

Microphotographs of the surface of a cement |
stone at 28 days of age

a) PCW-Egypt without additives
b) PCW-Egypt + 1% TiO2

¢) PCW-Egypt + 5% TiO:

d) PCW-Turkey without additives
e) PCW-Turkey + 1% TiO>

f) PCW-Turkey + 5% TiO:

The Ca(OH); content in the additive-free composi-
tion of Turkish cement varied from 11.19 % at 2 days of
age to 13.24 % at 28 days of age. The addition of 1 %
titanium dioxide comparatively increases the amount of
portlandite only in the initial curing time. The introduc-
tion of 5 % TiO; changes the Ca(OH); content by 1.3 %
at 2 days of age and by 1.34 % at 28 days of age.

The degree of hydration at 28 days of age of white
Portland cement samples at introduction of 5 % of tita-
nium dioxide is higher than that of the control and for
Egyptian cement is 90 %, and for Turkish cement - 88
%. The introduction of 1% TiO» increases the degree of
hydration by ~2 and 3%. [20].

The study of the microstructure of cement stone, ob-
tained on the basis of control and experimental compo-
sitions of white cements at 28 days of age (Figure 3),
allowed to establish that the crystals formed in the pro-
cess of hydration have rhombic, lamellar and needle
shapes. In addition to products of reactions of mutual in-
teraction of clinker minerals with water, the composition
of cement stone contains also unreacted crystals of belite
of rounded shape, the number of which on the consid-
ered surface chips decreases with increasing content of
titanium dioxide both for Egyptian and Turkish cement.
The mapping of element distribution showed a more uni-
form location of crystalline hydrates in the volume of ce-
ment stone, especially the aluminous phases. The size of
separately taken hydration products is in the range of 10-
35 microns and decreases with increasing TiO, concen-
tration in the composition up to 8-22 microns. Titanium
dioxide introduced into the elements, according to the
energy-dispersion analysis, is present both in the form of
separately taken agglomerates of anatase, and in insig-
nificant quantity in the composition of crystalline hy-
drates, mainly calcium hydrosilicates of different basic-
ity (the amount of titanium dioxide varied from 0.5 to
4.3% at 1 and 5% TiO» content).
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Omnpenenenne criocoOHOCTH OeITbIX IIEMEHTOB K CaMOOYHIIIE-
Huto npu BBeaeHuu B ux coctaB AEROXIDE TiO, P25 moka-
3aJI0, UTO YBEIMYCHUE KOIMYECTBA MOPOIIKA TUOKCHAA TUTAHA
oT 1 10 5 % compoBoXaaeTcs pOCTOM CMaunBaeMOCTH MOBEPX-
HOCTH IIEMEHTHOTO KaMHSI.

O¢dexr camoouniieHust 0OycIOBIEH 00Opa3oBaHHUEM CBO-
OOIHBIX paJNKaJIOB KUCIOPOJa U JOKAIBHBIM BOSHHKHOBCHHEM
Y4aCTKOB HECKOMIIEHCUPOBAaHHOM 3HEpruu noj acucteueM Y D-
U3Jy4YEeHHUs, YTO CIIOCOOCTBYET OKHCIICHHIO OPraHMYECKHX 3a-
TPSI3HEHUH (YTIIEBOJOPOIOB), HAXOIAIIUXCSA HA IIOBEPXHOCTH, C
00pa30BaHUEM YTIJIEKHUCIIOro ra3a U BOABI.

Pe3ynbraTs!l onpeneneHus N3MEHEHHH KPaeBOTo yIila CMaydH-
BaHUs IIEMEHTOB Tocie 4 U 26 4acoBoit 00padoTku Y D-nzmyye-
HHUEM TIpeJICTaBIeHBI B Tabmuie 4. Micxons 13 moryueHHbIX JaH-
HBIX CJIEQYET, 9TO IMocie 4 4acOBOTO BO3JCHCTBUS M3TYUCHUEM
KpaeBO# yrojl CMauMBaHUs AJIsl €TUIETCKOro 0esoro MmopTiaH-
[[EMEeHTa, BHE 3aBUCHMOCTH OT BBEJCHHOTO KOJIWYECTBA JO-
0aBKU-(DOTOKATATN3aTOPa, M3MEHACTCS HAa BEIUYMHY PABHYIO
npumepHo 80 % OT MaKCHMaJIbHO BO3MOKHOTO N3MEHEHHS Kpa-
€BOr0 yrila CMayMBaHUs, JOCTUTAEMOro Imocie 26 JacoB o0Opa-
60TkH Y @-u3IydeHHEM.

Determination of the self-cleaning ability of white
cements when AEROXIDE TiO; P25 is introduced into
their composition showed that the increase in the amount
of titanium dioxide powder from 1 to 5 % is accompa-
nied by an increase in the wettability of the cement stone
surface.

The self-cleaning effect is due to the formation of
free oxygen radicals and local appearance of uncompen-
sated energy areas under UV radiation, which promotes
the oxidation of organic contaminants (hydrocarbons)
located on the surface, with the formation of carbon di-
oxide and water.

The results of determining the changes in the wetting
angle of the cements after 4 and 26 hours of UV-irradia-
tion treatment are presented in Table 4. Based on the data
obtained, it follows that after 4 hours of exposure to ra-
diation the wetting angle of Egyptian white Portland ce-
ment, regardless of the amount of added photocatalyst,
changes by a value equal to about 80% of the maximum
possible change in the wetting angle, achieved after 26
hours of treatment with UV radiation.

TABJIAIA 4 KPAEBOM YI'OJl CMAUYNBAHUS BEJBIX TOPTJAHJIIIEMEHTOB

Table 4 Contact angle of white Portland cements

KpaeBoii yros cmaunBanus, rpan.
Contact angle, degrees

Bua nemenrta ITocne 4 yacoB o0padoTku | Ilocie 26 yacoB 00padoTKH
HayanbHoe
Type of cement - Y®-uznyyeHuem Y®-uznyyenuem
Initial value After 4 hours of After 26 hours of
UV treatment UV treatment
T B-Erumner 6/
PCW-Egypt without additives 61,17 28,25 36,28
MIIB-Eruner + 1% TiO>
PCW-Egypt + 1% TiO: 61,92 34,57 27,84
MUB-Eruner + 5% TiO2
PCW-Egypt + 5% TiO> 61,42 29,33 20,98
MLB- Typuus 6/1
PCW-Turkey without additives 28,98 39,25 38,02
MIB- Typuus + 1% TiO2
PCW-Turkey + 1% TiO» 28,28 38,69 28,79
TILB- Typuus + 5% TiO2
PCW-Turkey + 5% TiO2 61,88 25,86 16,64

st Genmoro MOpTIaHAIEMEHTa TYPEHKOro IPOU3BOJICTBA
10JI00HOH 0COOEHHOCTH 3aUKCUPOBAHO HE OBIJIO: M3MEHEHHUE
KpaeBoro yria cMaduBanus npu Beoze 1 % AEROXIDE TiO;
P25 nocne 4-x gacoBoii 006paboTku cocraBuio 67 % OT moka-
3arers npu 26-9acoBoii 006paboTke, a mpu BBoze 5 % TiO, — 80
%. JlaHHast 0COOEHHOCTH MOKET OBITH CBSI3aHA C MHHEPAJIOTH-
YECKUM COCTaBOM MOPTIAHANEMEHTOB, B KOTOPBLIX CYIIC-
CTBEHHO OTJIMYACTCS COJCPKaHME alnTa, 00ECTIeYnBaIOIIETO
OCHOBHOH 00BeM 00pa3yeMoro MopTiaHanTa.

3akji0ueHnne

1. Hanuume BBICOKOAMCIIEPCHOTO MHOPOIIKA JIHOKCHZIA
TUTaHA B COCTaBE I'MAPATHPYEMOr0 OeJIOro MOPTIaH IIeMEeHTa
CYIIECTBEHHO yCKOpsieT mpouecc HOPMUPOBAHUS THUIPOCHIIH-
KaTOB KalbI¥sl M MOPTIaHANWTA BO BCE CPOKH TBEPICHUS U
Habopa npogHocTH. OO0 3TOM CBUACTENBCTBYET KaK YBEIHUeE-
HHUE KOJIMYECTBa NOPTIAH/ANTA, IIPUCYTCTBYIOIIEr0 B COCTaBe
THAPATHPOBAHHEIX 00pa3LOB, YCTAHOBJICHHOTO IIPH ITOMOIIU
STWI-TIMLEPATHOTO  METOoJa, TaKk M yBEJIWYEHHE
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For white Portland cement of Turkish production, no
such peculiarity was recorded: the change in the wetting
angle at the introduction of 1% AEROXIDE TiO; P25 af-
ter 4-hour treatment amounted to 67% of the indicator at
26-hour treatment, and at the introduction of 5% TiO2 -
80%. This feature can be associated with the mineralogical
composition of Portland cements, in which the content of
alite, which provides the main volume of formed portland-
ite, is significantly different.

Conclusions

1. The presence of highly dispersed titanium diox-
ide powder in the composition of hydrated white Portland
cement significantly accelerates the formation of calcium
hydrosilicate and portlandite in all periods of curing and
strength gain. This is evidenced both by the increase in the
amount of portlandite present in the hydrated samples, es-
tablished by the ethyl-glycerate method, and an increase
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MHTEHCHBHOCTH OTPaKEHWH MOPTIAHAWTA HA PEHTTEHOTPaM-
Max THIPaTHPOBAHHBIX 00pa3IOB.

2. YBenndeHHe 00NaCTH BEIIECTBA C HEYNOPSIJOUCHHON
CTPYKTYPOI XapakTepHOIl JUIsl THIPOCHUIINKATOB KaJIBIHS IIepe-
MEHHOTO COCTaBa, a TAK)Ke CHIDKCHUE AU(PAKIIMOHHBIX OTpa-
JKEHHH COOTBETCTBYIOIIMX KIMHKEPHBIX MHHEPAIOB CBHUJIE-
TEJILCTBYET 00 MHTEHCH(DUKALUY [TPOLIecca TUAPATAluH KINH-
KepHBIX MUHEpaIoB. CTENeHb ruipaTanui 00pasoB ¢ BBOAOM
MOpOIIIKa AUOKCcHIa TUTaHa focturaet 88-90 %, uto Ha 3-5 %
OospIie, YeM y KOHTPOIBHBIX 0e3100aBOYHBIX 00pa3IIoB.

3. HccnenoBaHne MUKPOCTPYKTYPBI IIEMEHTHOT'O KaMHs
IIPU BBOJIE B COCTaB BSDKYIIMX KOMIIO3UIMN MOKCHAA THTAHA
MI0Ka3aJlo, YTO pacrpeieNieHne KpUCTaUIOTHPATOB B SKCIIEPH-
MEHTAJIBHBIX COCTaBax MPOUCXOIUT 0OoJiee paBHOMEPHO, HO
MaKCHMaJIbHBIN pa3Mep c(OpMHPOBAHHBIX THAPATHBIX (a3
ymesbmaercs ¢ 10-35 mxm 1o 8-22 MxM. BBeneHHbIH 1uokcng
TUTaHa IIPUCYTCTBYET KaK B BHJIE OTIEIHHO B3ATHIX arioMepa-
TOB aHaTasa, TaK W, B HE3HAUYUTEIHHOM KOJIMYECTBE, B COCTABE
KPHCTAJUIOTHIPATOB, MPEUMYIIECTBCHHO TIMAPOCHIMKATOB
KaJlbLMsl pa3HOM OCHOBHOCTH, B KosnuecTse ot 0,5 10 4,3 %.

4. Onmnpenenenre CIOCOOHOCTH MAaTEPHAIOB K CAMOOYH-
IIEHUIO TI0CJIe BBOJA B COCTAB ITIOPOIIKA ANOKCH/IA TUTAHA 1103~
BOJIWJIO YCTaHOBUTH, YTO U3MCHCHUEC CTATUYCCKOI'0 KpacBOT'O
yIa CMa4MBaHMS MPOHUCXOIUT Hanbosiee akTHBHO B TCUCHHE
4-qacoBoii 00pabOTKH 3arps3HEHHOHN MoBepxHOCTH Y D-13iry-
yeHneM. JlaHHBIM BpeMeHHOH MHTepBai obecrneunBaer 67-80
% N3MEHEHHs KpaeBoro yriia CMauylBaHUs OT 3HAYEHHS, JOCTH-
raeMoro mpu 26-tu 4acoBoif 00paboTke noBepxHocTH Y D-u3-
JIy4eHHEM.

5. Panee onpeneieHHbIE IPOYHOCTHBIE XapaKTEPUCTUKU
U OIIPEZCIICHHbIE B JAHHOM HCCIIEIOBAaHMH (POTOKATATUTHYE-
CKHE CHOCOOHOCTH IIEMEHTOB C BBOJIOM BBICOKOJHMCIIEPCHOTO
JIMOKCHJAa TUTaHA MTO3BOJIMIO YCTAHOBHUTH, YTO ONTHMAIbHBIM
KOJIMYECTBOM BBOJIa JlaHHOW 100aBKH-(OTOKATaIN3aTOpa
(AEROXIDE TiO2 P25) snsiercs 1 %. [Ipu nanHOM conepika-
Hun TiO2 obecrieunBaeTcsi caMOOYHIICHUE TOBEPXHOCTH Iie-
MEHTHOT'O KaMHSI U COXpPaHEHHUE ero MPOYHOCTH.
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in the intensity of portlandite reflections on X-ray radio-
graphs of hydrated samples.

2. The increase in the area of matter with disordered
structure characteristic of calcium hydrosilicates of varia-
ble composition, as well as the decrease in diffraction re-
flections of the corresponding clinker minerals testifies to
the intensification of the process of hydration of clinker
minerals. The degree of hydration of samples with the in-
troduction of titanium dioxide powder reaches 88-90 %,
which is 3-5 % more than that of control unadded samples.

3 The study of cement stone microstructure at intro-
duction of titanium dioxide into binder compositions
showed that the distribution of crystalline hydrates in ex-
perimental compositions is more uniform, but the maxi-
mum size of formed hydrate phases decreases from 10-35
microns to 8-22 microns. The introduced titanium dioxide
is present both in the form of separately taken agglomer-
ates of anatase and, in insignificant amount, in the compo-
sition of crystalline hydrates, mainly calcium hydrosili-
cates of different basicity, in the amount from 0.5 to 4.3
%.

4. determination of the ability of materials to self-
cleaning after the introduction of titanium dioxide powder
into the composition allowed to establish that the change
of static wetting edge angle is most active during 4-hour
treatment of the contaminated surface with UV radiation.
This time interval provides 67-80 % of the change in the
wetting edge angle from the value achieved during 26-
hour treatment of the surface with UV radiation.

5. Previously determined strength characteristics
and photocatalytic abilities of cements with introduction
of highly dispersed titanium dioxide in this study allowed
to establish that the optimum amount of introduction of
this additive-photocatalyst (AEROXIDE TiO, P25) is 1
%. At this TiO, content self-cleaning of the cement stone
surface and preservation of its strength are ensured.
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