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Pa6oTa nocasieHa 0606LLeHNI0 [OCTYNHONM UHGOPMauMu 0 hopmax NPUMeHeHns totokatanutuyeckoro Ti0, B 6eTOHaX, 0CO6EHHO B MOBEPXHOCTHBIX
CNOSX COOPHbBIX 1 MOHONUTHBIX KOHCTPYKLWIA. [Toapo6HO ONUChIBAKOTCA CBOMCTBA AMOKCMAA TUTAHA M €70 0COOEHHOCTY, BEAYLUME K CYLLIECTBEHHOMY
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Research of Possibilities of Testing Effectiveness of Photoactive Ti0, in Concrete*

This paper is focused on gathering all available information on the application forms of photocatalytic TiO, in concretes, especially in the surface layers of precast and monolithic struc-
tures. The paper describes in detail the properties of titanium dioxide alone and its special abilities leading to a substantial improvement of the environment through photocatalysis.
Further verification methods of photocatalytic activity of titanium dioxide and titanium dioxide application in real projects are described.
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Marepuansl ¢ GOTOKATATUTUISCKN aKTUBHBIM JUOKCH-
nom tutaHa (TiO,) no3BoJISIIOT 3HAYMTEBHO YyYluaTh Kaye-
CTBO OKpYyXalolieil cpefbl. B yactHocTH, hoToKaTammzaTop
TiO, npencraBiasieTcsl MEPCHNEKTUBHBIM MaTepUaIoM s
MPYMEHEHUs B OETOHHBIX KOHCTPYKIIUSIX U3-3a €ro CIoco0-
HOCTM K (DOTOKaTaim3y, KOTOPBIM YCKOPSIET 3aMeJICHHBIE
TPOLIECCHI PA3JIOKEHUSI 3arpSI3HSIONIMX BEIISCTB MPU BO3-
neiicTBuM cBeta. Kpome Toro, moBepxHoOCTh MaTepuaa ¢ ho-
Tokaranu3atopoM TiO, CTaHOBUTCS YaCTUYHO TUAPOGDUIb-
HOH, YTO MO3BOJISIET YAAISATH pa3jiaraloluecs: 3arpsi3HeHMsI.
Takoe couetaHue ABYX SIBIEHUI — OKUCJIEHMSI 3arpsi3HEHU I
1 TUAPOGUITHLHOM TTOBEPXHOCTH — MPUBOIUT K TaK Ha3biBae-
MoMy 3¢ @EKTYy caMOOUYHUINEeHUsI, KOTOPBIiI OO0YCIOBIEH MC-
MOJb30BaHWEM BBILIEYITIOMSIHYTOrO (hOoTOKAaTanaM3aropa.
[MpumeneHnue GeroHa ¢ ngoGasiaeHueM TiO, MpakTUYECKU
WICHTUYHO TTPUMEHEHUIO OOBIYHOTO OeTOHA KakK JJIs MOHO-
JINTHBIX, TaK U JUISI COOPHBIX 3JIEMEHTOB C YCJIOBUEM JOCTYTIA
cBeTa K TMoBepXxHocTH. HaHOCMMBIN Ha GETOHHYIO TTOBEPX-
HocTb TiO, Haubosiee 4acTo yIIOMUHAETCS B CBSI3U C COKpPa-
IIEHUEM OIACHBIX 3arpsi3HSIOIIMX BEIIeCTB, B YaCTHOCTHU
NO,, BbIpaboTKa KOTOPOro 00yCJOBJIEHA YBEIUYEHUEM KO-
JinyecTBa TpaHcnopTta. B naHHO# paboTe onucaHo MpUMeHe-
Hue TiO, B OCHOBHOM B CJIOSIX U3HOCA OETOHHBIX OJIOKOB.
Taxxe TiO, npuMeHseTcs B (pacagHbIX 2I€MEHTaX, TOBEPX-
HOCTM KOTOPBIX TMIOCTOSTHHO YUCTHI Jake B YCJIOBMSIX 3arpsi3-
HEHMSI TOPOJIOB.

Juokenn turana TiO,

Huoxcun tutana TiO, npencrasnseT coboit XuMuyeckoe
coelMHEeHWe KMCI0opoIa U TUTaHa, OTHOCSIIeeCs K OKCHUaam
MepexoqHbIX MeTa/u10B. [1o BHelIHeMy BUIy 9TO Oeblii OJ1e-
CTSIIMI TTOPOILIOK, IIBETOCTA0MIbHBIM 11 CIIOCOOHBIN pacceu-
BaTh CBET, KOTOPBI, ONHAKO, 00JanaeT HEOOBIYHBIM CBO-
CTBOM: CITOCOOHOCTBIO K (hoTOKATANIU3Y, KOTOPast IeJIaeT BO3-
MOXHBIM Pa3/IoKeHUE OMACHbBIX 3arpsI3HSIIOLIMX BEIIECTB Ha
Oe3BpenHbIe BelllecTBa. MaTeprasbl MOJYIPOBOIHUKOBOTO
THUIIa 0COOEHHO M3BECTHBI X CIIOCOOHOCTHIO COMEICTBOBATD

Materials with photocatalytically active titanium dioxide
(TiO,) enable considerable improvement of the quality of
environment. In particular, the photocatalyst TiO, seems to
be a very promising and attractive material for application in
concrete structures because of its capability of photocatalysis,
which speeds up otherwise slow process of decomposition of
pollutants when exposed to light. Moreover, the surface of
material with photocatalyst TiO, becomes partly hydrophilic,
which makes it possible to remove decomposed fouling. This
combination of the two phenomena — decomposing oxida-
tion and hydrophilous surface, result in so-called self-clean-
ing effect, which is conditional on using mentioned photo-
catalyst. Application of concrete with addition of TiO, is
practically identical with application of common concrete for
both monolithic and precast elements with the condition of
admission of light onto the surface. TiO, applied on the con-
crete surface is most frequently mentioned in connection
with reduction of dangerous pollutants, in particular NOx
produced by increasing traffic. Here, TiO, is applied mainly
in the wear layer of concrete paving blocks. TiO, is also ap-
plied in facade elements, which show constantly clean sur-
faces even in relatively polluted urban environments world-
wide. The vision of application of TiO, in concrete is very
simple — it is the vision of clean environment.

Titanium dioxide TiO,

Titanium dioxide TiO, is a chemical compound of oxy-
gen and titanium, belonging among transition oxides of the
metal. It is seemingly ordinary white powder with rich bright-
ness, color stability and capability of dispersing light; how-
ever, with extraordinary properties: capability of photocatal-
ysis, which enables decomposition of dangerous pollutants to
harmless substances. Semi-conductor type materials are par-
ticularly known for their capability of facilitating oxidative
processes when exposed to UV rays from sunshine. Material
most frequently used for this purpose is titanium dioxide at
anatase phase treated to the nano-particle size. Development

* PabGoTa BBHITIONHEHa TIpU (uHaHCOBOU mommepxkke mpoekra GACR P104/15-23219S «M3ydyeHue METOMOB MUCTIEPCUU HAHOYACTHII,
onpe/esieH!e YCJIOBUIA Ulsl MPELOTBPALLEeHMs UX TOBTOPHOM arjoMepaluu Ajsi IPUMEHEHHUs] B LIEeMEHTHBIX KOMIIO3UTaX».

* This outcome has been achieved with the financial support of project GACR P104/15-23219S «Study of methods of nanoparticles dispersion,
determination of conditions for preventing their re-agglomeration for application in cement composites».
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OKMCJTUTEIbHBIM TIpolieccaM Mpu Bo3neiicTBun Y@ conHey-
Horo u3nydeHus. Hambosee yacTo MCMONb3yeMbIM ISl 3TOI
LIeJIM MaTepUajioM sIBJISIETCS] AMOKCUI TUTaHa B (hase aHaTa3a,
006paboTaHHOTrO 10 pa3Mepa HaHovyacTull. Pa3paboTka HOBBIX
MaTepuaJioB, MPeIOTBPAIAIONINX 3arPSI3HEHUS 1 JIETKO TIPH-
MEHUMBIX B CTPOUTETBHBIX KOHCTPYKITUSIX, SIBJISIETCS 3HAUM-
TEJIbHBIM I1arOM B HAIIPaBJICHUY YJIYUYIIEHUSI KauecTBa BO3-
IyIIHOM cpenbl. Mcnonb3oBaHue HaHOGOTOKaTaau3aTopa
TiO, B coueTaHUU C LIEMEHTOM U IPYTUMU CTPOUTEIbHBIMU
MaTepuaJaMi OKa3bIBaeT MOJOXHUTEBHOE BIMSHUE Ha yaa-
JICHWE TaKWUX 3arps3HsIomuMX BelecTB, kak NO,, oKuch
yIjiepona, JeTydre OpraHWYecKre COSTUHEHUs WIM XJIOp-
denoms [1, 2].

Huskoremnepatypnyto momuduxauuio TiO, — aHaTas
ITOJIY4aloT B BUIE OBAIBHBIX YACTHUIL CO CPEIHUM pasMepoM
20 M. TToBepxHOCTB | T YacTHIl aHATa3a MOXET OXBAaThIBATh
wiowans 700 M2, a 12 T oKcuaa MOTYT OXBAThIBATH ILIOLIAb
pa3MepoM ¢ GyTOOIbHBIN CTagroH. [ToBepXHOCTh HaHOYA-
CTHII aHaTa3a JIOBOJbHO TOPUCTasl, MTO3TOMY OHa obJamaeT
IIMPOKUM  TOTEHIMAIOM XHMHUYECKOW aKTUBHOCTH.
HaHoTtexHoJOrMM B CTPOUTENbHOM WMHIYCTPUU YIYYIIAIOT
CBOICTBa MHOTHMX MaTepuanoB. Eciu pazmep quokcuaa TuTa-
Ha YMEHBIIUTH 10 HAHOYPOBHS, TO €r0 (DOTOKATATUTUIECKIE
CBOICTBa MPOSBJISAIOTCS HAMHOTO CHIbHee. biaromapst cBoeit
XUMHMUYECKON CTaOWJIBHOCTM M HETOKCMYHOCTH KOPITYyCKY-
ssapHblid TiO, oka3blBaeTcsl MACATbHBIM MAaTEPUAIOM ISt
MIPUMEHEHUST B CTPOUTEIbHOM MHAYCTpUM. BriepBbie B mpo-
MBIIIIEHHOM Maciitabe goroakTuBHble HaHOYacTULB! Ti0,
OBLIM HaHEeCEHBI Ha TTOBEPXHOCTh CTPOUTELHOTO MaTepHraia
B SImoHnu. DTO GBI MOBEPXHOCTHBIIM CJIOM CTEKIIOKepaMuJe-
CKOTO CTPOUTEJILHOTO MaTepualia, KOTOPBIi 3aTeM TPOSIBIIT
HE TOJIbKO CIIOCOOHOCTb K CAMOOUMILIEHUIO, HO U aHTUOaKTe-
pHUabHBIE CBOMCTBA [3].

B 0CHOBHOM HAaHOYACTHUIIBI U3TOTABINBAIOT CYAbamubiM
cnocobom. OH TIOIXOIUT JJIST Py C HU3KUM COIepKaHUEM TH-
TaHa M pyJ, 3arpsI3HEHHBIX XeJle30M. MUHepa MJTbMEHUT UC-
TTOJIb3YEeTCsI KaK ChIphe IJIsT TPOM3BOICTBA TUTaHa. Ero obpa-
0aThIBAIOT B KOHIIEHTPUPOBAHHOU CEPHOI KMCIIOTE C BhLAEIE-
HueM cyiabdara xene3a Fe,(SO,); u okcucyibdara TuTaHa
TiOSO,. Cynbdar xenesa (I11I) BoccranaBauBaloT 1o cynbda-
ta xene3a (II) FeSO,, koTopblii oTpUIBTPOBBIBAIOT MOCIIE HA-
ChlleHNA 1 oxyaxaeHus. Beaencrsue atoro TiOSO, runpo-
JIM3YETCS TIPY KUTISTYCHUH U TIPEBPAIaeTCs B YT MM aHa-
ta3. OcaxkIeHHbIe MEJKUEe KPUCTAIBI TPOMBIBAIOT M 3aTeM
npokanusaioT npu temmneparype 800—900°C. CysbbaTHbIit
TMPOLIECC Jie/IaeT BO3MOXHbBIM MOJyYeHHEe HAHOUACTUI] OoJiee
SKOHOMUYECKU 3 (PEKTUBHBIM U MEHEE CIIOXHBIM TEXHOJIO-
TMYECKU CTTOCOOOM.

®oTtokaTanu3

DOTOKATATUTUYECKUE PEAKIIVU SBJISIOTCSI OCHOBOM XXU3-
HU Ha 3emJiie, U GOTOCUHTE3, UCTIONB3YIOIIUI OTPOMHOE KO-
JIMYECTBO COJIHEYHOUN DHEPIUU, SABJISACTCA CAMOW U3BECTHOM
n3 HUX. TakuM crmocoboM KaxkIblii To1 Ha TIaHeTe MPOU3BO-
mutcs 170 mupa T 6uoMaccel. B ¢oTokaTanuTuieckoil peak-
1y oToKaTanIu3aTop (IOJIYIMPOBOAHUK) MOIJIOIIAeT (OTO-
Hbl (YO u3nyyeHue) ¢ sHeprueii, paBHOM WM MPEBHIILIAI0-
el mupuHy 3anpenieHHoit 3oHbl Eg (3oHa Eg naer pas-
HOCTb 3HEPTMU MEXIY BaJICHTHOU 30HOI 1 30HOI MPOBOAM-
MOCTH), TaK 4TO BITOCJICJICTBMM MOXET IMPOU30UTU MepPexXo]
9JIEKTpOHA (BO30YXXIIEHKE) U3 BAJIEHTHOW 30HbI B 30HY IPO-
BogumocTu. Pa3a anaraza TiO, siBIseTCA MOTYNPOBOIHU-
KOM C 3Heprueii 3anperieHHoi 30HbI 3,2 eV U COOTBETCTBY-
Tonieit JUTMHOU BoJHBI Y@ usmydenust 388 HM. Pesymbratom
repexo/ia 3JIEKTPOoHa SIBJsieTcsl 00pa3oBaHUe BaKaHCUI B Ba-
JICHTHOW 30HE, TaK YTO 3apsii OKa3bIBaeTCs paslesieH Ha
aJIeKTpoH—BaKaHcuto. [lapa aneKTpoH—BaKaHCUs SBISIETCS
OYEHb CUJbHBIM BOCCTAHOBUTEJIEM U OKUCIMUTEJIEM B 3TOU
peakuuu.

IMonoxwurenbHasi BakaHCHS oOecrieunBacT 0Opa3OBaHKE
BBICOKOAKTUBHBIX TUIAPOKCUIbHBIX panukaioB (OH) B mo-

HAYYHO-MeXHU4ecKuil U NPOU3800CMBeH b HCYPHAN

of new materials easily applicable on building structures with
properties preventing polluting is a considerable step towards
improving quality of environment air. Using of nano TiO,
photocatalyst combined with cement and other construction
materials shows its positive effect on removing pollutants like
NO,, carbon monoxide, volatile organic compounds, or
chlorphenols [1, 2].

Low temperature modification of TiO, — anatase is pre-
pared particularly in the form of small balls with average size
of 20 nanometers. To compare: surface of balls of anatase
made from a single gram of powder could cover an area of
700 m? and mere 12 grams of the oxide could cover an area of
the size of a football stadium. Surface or nano-particles of
anatase is quite porous, so it has a vast active surface with
enormous potential of chemical reactivity. Nanotechnology
in building industry enhances behavior of many materials,
which show different and often better properties in the form
of nano-particles. If the size of titanium dioxide is reduced to
nano-level, then the photocatalytic properties are much
stronger. Because of its chemical stability and non-toxicity,
corpuscular TiO, seems to be an ideal material for applica-
tion in building industry. Photoactive nano particles of TiO,
were first commercially applied on the surface of building
material in Japan — surface layer on ceramic/glass construc-
tion material, which then showed not only self-cleaning but
also anti-bacterial properties [3].

Nano-particles are mostly manufactured by means of
sulphate process. It is suitable for ores with lower content of
titanium and ores contaminated with iron. Mineral ilmenite
is used as a source of titanium. [lmenite is leached in concen-
trated sulphuric acid producing ferric sulphate Fe,(SO,); and
titanium oxysulphate TiOSO,. Ferric sulphate is reduced by
iron facings (clippings) to iron sulphate FeSO,, which is fil-
trated after concentration and cooling down. TiOSO, is con-
sequently hydrolyzed by boiling and changed to rutile or ana-
tase. Deposited fine crystals are washed and then calcined at
the temperature of 800—900°C. The sulphate process makes
it possible to prepare nano-particles in relatively cost-effec-
tive and technologically less demanding way.

Photocatalysis

Photocatalytic reactions are the basis of the life on the
Earth; photosynthesis, using enormous amounts of solar en-
ergy, is the best-known one of them. One hundred and sev-
enty billion ton of biomass are produced in this way on the
planet every year. In the photocatalytic reaction, the photo-
catalyst (semiconductor) absorbs a photon (UV radiation)
with energy equal or higher than the width of the forbidden
gap Eg (Eg gives the energy difference between the valence
and conduction bands) so that subsequent electron jump
(excitation) from valence to conduction band could happen.
Anatase phase of TiO, is a semiconductor with the energy of
the forbidden gap 3,2 eV with corresponding wavelength of
UV radiation 388 nm. The result of electron jump is forma-
tion of holes in valence band, so the charge was divided into
an electron — hole. The pair electron-hole are very strong
reducing and oxidizing agents in this reaction.

Positive hole enables formation of highly active hydrox-
ylic radicals (OH) in consequent reaction with water (air
humidity), which are most important in the photocatalytic
decomposition; at the same time, electrons react with a
molecule of oxygen and form superoxide anions (O?°); we
speak about so-called heterogeneous photocatalysis.
Products of photocatalysis, hydroxylic radicals and super-
oxide ions are very strong oxidizing agents, which decom-
pose a wide spectrum of organic materials including pollut-
ants (sooth, dirt, oil, particles) and biological organisms
(bacteria, algae).

Apart from the above mentioned decomposition of or-
ganic pollutants, absorption of UV radiation by the photo-
catalyst TiO, also causes reaction forming surface OH groups,
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clemylollell peakiiuyd ¢ BOAOH (BJIaXKHOCTh BO3AyXa), KOTO-
pbIe SABJSIOTCSI HanboJiee BaXKHBIMM B (hOTOKATATUTUYECKOM
pPa3oXeHUU; B TO Xe BpeMsl 2JIeKTPOHbI BCTYMAIOT B peak-
LUI0 C MOJIEKYJIO Kuciaopoia U 00pasyloT CyrnepoKCUi-
aHroHsl (O%). MBI TOBOPUM O TaK Ha3bIBAGMOM TeTEPOTEH-
HoM (doTtokaranuse. [IpoaykTsl hoTOoKaTanu3a, TMAPOKCUITb-
HbIe paJUKaJIbl M CYTIePOKCHI-NOHBI SABJISIOTCSI OUEHb CUJTb-
HBIMU OKWCJIMTENSIMU, KOTOPBIE Pa3iaraloT IUPOKHUIA CIIEKTP
OpraHMYECKUX MaTepuaioB, BKIIIOYasl 3arpsi3HSIONIMe Bellle-
cTBa (caxa, rpsi3b, MacJio, YaCTHUIIbI) U OMOJIOTUYECKHE Opra-
HU3MBI (DaKTepUM, BOJOPOCIIN).

Kpome ymoMsiHyTOTo BBIIIE Pa3ioXeHUs] OPraHUIECKUX
3arpsisHUTeNel noromeHue Y@ uanydeHus horokaTaamsa-
topoM TiO, Takxe BBI3BIBAET peakLMIO OOpa3oBaHUS MO-
BepXHOCTHBIX OH-Trpyri, KOTopble YBEJWUYMBAIOT MOBEPX-
HOCTHYIO SHEPTHI0O M TIPUBOAST K 0oJiee BBHICOKOW TUIPO-
(buIBHOCTH TTOBEPXHOCTH.

st moBbieHUs 3(pheKTUBHOCTH (hOTOKATATTUTUIECKO-
TO Mpoliecca UccaeJoBaHe HAaITpaBAeHO Ha HAHOPa3MepPHbIe
YaCTULBI CO CTPYKTYPOIA, OTIMYHON OT OPUTUHAJILHOTO TTUT-
MeHTa. DTU HAHOIJIACTUHBI pa3MEePOM MPUMEPHO 7 HM TIpe-
JIOCTaBJISIIOT ONTUMAJbHYIO TIOBEPXHOCTh AJIsl (hoTOKATAM -
TUYECKOM peakiiiu. [10CKOMbKY TMOKCH TUTAHA YYaCTBYET B
(hoTrokaramuTHUECKON peaKklMu TOJbKO B KayecTBEe KaTalu-
3aropa, OH He paspymaercsd W 3(G®dOEKT caMOOYMINEHUsI, B
MPUHILIUIIe, MOXET ObITh OECKOHEYHBIM. TeM He MeHee Ha
MOBEPXHOCTU MaTepuaya ¢ colepkaHueM AMOKCUIA TUTaHa
oOpasyeTcsl HeMmpo3payHblii €0, KOTOPBI HEOOXOAUMO
CMBITh, TaK KakK JJig aKTUBAUM (HPOTOKATATIUTHUECKUX
cBoiicTs TiO, Heo6XoauM conHeuHbli cBeT B YD nuanasoHe.

OcHoBHbIe (POTOXMMHUYECKHE SABIECHUSA —
OKHCJIeHHe U CynepruipouIbHOCTD

OuucTKa BO3Iyxa, CAMOOYMIICHUE W aHTUOaKTepHUalib-
HOE JIeiCTBUE — BCE 3TU CBOMCTBA MOXHO OTHECTH K JABYM
OCHOBHBIM (DOTOXMMUYECKUM SIBICHUSIM, TTPOMCXOISIINM
Ha TTOBePXHOCTH KaTaau3aTOpPOB, MOABEPTaloNINXCs BO3ICH-
CTBUIO YJIbTPahUOJIETOBOTO M3JIyYeHUsI, KOTOPOE SIBIISIETCS
4YacThlO HE TOJBKO MPSIMOTO COJTHEYHOTO CBETa, HO M B OTpe-
JIEJIEHHOM CTENeHU TakXe BHYTPEHHEro OCBEIIeHUS. DTU
JIBa SIBJIGHUS TIPEICTABIISIOT OO0 OKUCIeHUE aacopoupo-
BaHHBIX BEILIECTB — OCEBIIUX OPTaHUYECKUX COCAUHEHUI U
MHUKPOOPTAaHU3MOB, Ta3000pa3HBIX 3arps3HSIONINUX Be-
IIECTB, MPUCYTCTBYIOLIMX B OKPYXalolllel cpene, M Takke
CynepruapobuIbHOCTb, B CUJIy KOTOPBIX HEOpraHWYeCKue
YACTUILIBI MU HE CJUMAIOTCS U KX MOXKHO JIETKO CMBITh, Ha-
npumep noxaeMm. CuHepreTuueckuii 3(hhekT NByX peakiuit
SIBJISIETCSI OCHOBOW MCITOJIb30BaHUS AMOKCHUIA TUTaHA B Ka-
YyecTBe (hoTOKaTanM3aTopa Ha MOBEPXHOCTU CTPOUTETHHBIX
MaTepuaioB.

B npouecce oxucaenus porokaTanuszaTop pasjaraet op-
raHMYecKue MaTepuasbl, KOTOpble pa3pylIaloT MOBEepX-
HOCTb KOHCTPYKIIMit. DoTOKATaIN3 OKa3bIBaeT BIMSTHUE Ha
TakWe OpraHMYecKHe BellecTBa, KaK 3arpsi3HUTENU (caxa,
Macjio, OpraHMYecKre YacTUIbl), OPTaHU3MBI (TpUOBI, BO-
IIOpOcCn, OaKTepuHu, aJuIepreHbl), aTMOC(epHbIe 3arpsI3HU-
Tenu (okeuasl azota NO,, okcuasl cepsl SO,, dopmainbie-
T'UJI, JIETy4ue OpraHuYecKre BellecTBa — OEH30JI U TOJIYOI,
aMMUaK, OKKCh yIJiepoia, ajdbAeruabl, apoMaTUIECKUe 1Mo-
JINKOHIIEHCATHI).

ITocne paznoxeHUs KaTalTu3UpPOBAaHHBIE YAaCTHUIILI TIpe-
BpalllaloTCsl B KUCIOPO, YIJIEKUCIbIi ra3, Boay, CyJbdarhl,
HUTPATHI U IPYTHUE MOJIEKYJIbI, KOTOPbIE BBIXOIST B BO3AYX U
OKPYXAIOIIYIO Cpely C OTHOCUTENIbHO Oe3BPEIHBIM BO3/IEH-
cTBUeM Ha Hee. Hampumep, npoaykTsl porokaTanusa B 6e-
TOHE HEUTPAIU3YIOTCA EMEHTHOU MaTpUIIel, coaepxKalen
CBOOOMHYIO M3BeCTh. I[1OMydeHHBIM TPOAYKTOM SIBJISIETCS
HUTPAT KaJblIUs, KOTOPBIN MCMOIBb3YeTCS B KaUeCTBe YI00-
pexust [4].

Cynepeudpogpuavnocms TipencTapisieT coboil sIBJIeHMUeE,
KOTOPO€ MPOUCXOIUT, Koraa BoxHas mieHka ¢ TiO, Ha mo-

which increase the surface energy and lead to higher hydro-
phylity of the surface.

To increase effectiveness of the photocatalytic process,
the research focuses on the particles of nano-size with the
structure different from the original pigment. These nano-
particles are approximately 7 nm wide and give optimal sur-
face for the photocatalytic reaction. Because the titanium
dioxide participates on the photocatalytic reaction only as a
catalyst, it is not consumed and the self-cleaning effect can be
basically everlasting. However, an opaque layer forms on the
surface of material with the content of titanium dioxide,
which has to be washed down, because sunshine — in particu-
lar its UV wavelength — is necessary for activation of photo-
catalytic properties of TiO,.

Basic photo-chemical phenomena —
oxidation and superhydrophilicity

Cleaning air, self-cleaning and antibacterial effect — all
these properties can be attributed to the two basic photo-
chemical phenomena taking place on the surface of the cata-
lysts exposed to ultraviolet radiation, which is not only a part
of a direct sunlight, but to certain extent also of a daily light
in interior. These two phenomena are oxidation of adsorbed
substances — settled organic compounds and microorgan-
isms, gaseous pollutants present in environment, and super-
hydrophilicity, by virtue of which the inorganic dust particles
do not stick, but can be easily washed away, for example by
rain. The synergic effect of the two reactions is the basis of
using the titanium dioxide as a photocatalyst on surfaces for
construction and building materials.

During oxidation, the photocatalyst decomposes organic
materials, which attack surface of constructions. Photo-
catalysis has influence on organic substances, like: pollutants
(sooth, oil, organic particles), organisms (fungi, algae, bacte-
ria, allergens) air pollutants (nitrogen oxides (NO,), sulphur
oxides (SO,), formaldehyde, volatile organic substances —
benzene and methylbenzene, ammonia, carbon monoxide,
aldehydes, aromatic polycondensates).

After decomposition, the catalyzed particles turn to oxy-
gen, carbon dioxide, water, sulphates, nitrates and other
molecules, which escape into the air and surrounding area
with relatively harmless influence on the environment. For
example, products of the photocatalysis in concrete are neu-
tralized by virtue of the cement matrix, which contains free
lime; the resulting product is calcium nitrate, which is used as
industrial fertilizer [4].

Superhydrophilicity is a phenomenon, which takes place
when a water film with TiO, on the concrete surface is ex-
posed to UV radiation under a very small contact angle of
water. Water tends to spread on the surface instead of forming
droplets. Bond energy of the lattice between a Ti atom and
oxygen atom is weakened by forming a hole caused by UV
radiation. It can be assumed, that adsorbed molecules of wa-
ter can break the bond Ti—O—Ti into two new bonds Ti—OH
leading to superhydrophilicity [5]. Physical measure of wet-
tability (hydrophilicity) is so-called contact angle 0 (the angle
between the liquid/vapor interface meets the solid horizontal
surface of a structure), the magnitude of which divides wet-
tability of a solid substance into two states:

— liquid substance wets solid substance — 0 is smaller than 90°

(water wets glass)

— liquid substance does not wet solid substance — 0 is larger
than 90° (mercury does not wet glass).

In case of using active layer of TiO, the contact angle
decreases down to the value below 5°. Instead of the spherical
shape of water drop, a continuous water film is created on the
surface of the building. This water film macerates, dissolves
and washes away particles of dirt [6].

Surface of anatase not exposed to UV radiation is hydropho-
bic, similar to other oxides of metals. Water vapor condensed on
such surface creates separated droplets, which disperse light and
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BEPXHOCTU OETOHA IIOABEPracTCsS BO3- O6paszew, ‘ DOTOAKTVBHBI
geiictBuio YO u3IydeHUs IpU OYCHb Sample | "O2 a a*(4) [ R(4) [a*(26) [ R(26) Photoactive
HeGOJIBLIOM KPAEBOM YIJIE CMAUMBAHUSL.

IIp1 3TOM BOJA NMPUOOPETAET TEHICH- A 5% 103 | 6,72 | 3476 | 4,45 | 568 ha

LIAIO PACTEKATHCH IO TIOBEPXHOCTH, a HE yes
06pa3oBbiBaTh Karii. Cuia CUeIIeHUs . na
pelIeTkl MexXay atoMoM Ti U aToMoM B 10% [ 13,011 7,93 [ 39,05 | 3,56 [ 72,64 yes

KHCJIopola ocaabieHa 3a cueT Gopmu-
pOBaHUSI BaKaHCHUM, BBI3BAHHOTO YJib-
TpaduoJEeTOBLIM M3JTydeHHeM. MOXHO MPenrnoNoXuTh, YTO
aIcopOMPOBaHHbIE MOJIEKYJIbl BOIBI MOTYT Pa3pbiBaTh CBS3b
Ti—O-Ti B nBe HoBbIe cBsi3U Ti—OH, npuBosiMe K cynep-
ruapobuabHocTH [5]. @usnueckuM mokasaTesieM cMauKlBae-
MOCTU (TUAPOGUIBHOCTH) SIBISIETCS KpPaeBOM yroJ cMauu-
BaHMSI 6 (Yrojl Ha TpaHUlE XUIKOCTh/Tap COOTBETCTBYET
CIIOIIHOW TOPU30HTAJBHON TMOBEPXHOCTH KOHCTPYKIIMM),
BeJIMYMHA KOTOPOTO pasiesisieT CMaulBaeMOCTb TBEPJOTO Be-
IIeCTBa Ha JBA COCTOSTHUS:

— JKcudkoe eewecmeo cmauueaem meepooe Geuyecmseo —

6 MeHb11e 90° (Boga cMauMBaeT CTEKIIO);

— JKcuUOKOe eeujecmeo He cmavuedaem meepooe Geulecmeo —

0 6osbiIe 90° (pTYTh HE CMAYMBAET CTEKJIIO).

B ciydae ncnonbzoBaHus aktusHoro cios TiO, 3Have-
HMe KpaeBoTo yIjla CMauMBaHU OITycKaeTcst Himke 5°. Bmecto
KarneJsb BoAbl cheprudeckoit GopMbl Ha TTOBEPXHOCTH 3TaHMS
co3/1aeTcs CIJIONIHAs BOJsIHAS TUIEHKA. DTa BOASHAs TUIEHKA
WCTOHYACTCSI, PACTBOPSIET M CMBIBACT YACTHUIIBI IPsI3H [6].

[ToBepXHOCTh aHAaTa3a, He TIOBEPKeHHAsS AeiCcTBHI0 YD
U3JIydeHMUsl, SIBJIIeTCs TUapoOOHOI, KaK U ApYyrue OKCUIbI
MeTaioB. CKOHAEHCUPOBAHHBIM HA TAKOW TOBEPXHOCTU BO-
JISTHOM TIap CO3[aeT OTAEeIbHbBIE KaIUIM, KOTOPhIe PacCEeUBaIOT
CBeT U (GOPMUPYIOT HEMPO3pauHbIii cjioit. Tem He MeHee neii-
CTBUE YAbTPadUOJETOBOrO U3JIyYeHUs AeIaeT OBEPXHOCTh
aHaTa3a 0CO0eHHO rMAPOMUILHOI, Kariu BOIbl COENUHSIIOT-
cs1 MexXIy coOO0l, U co3aaeTcsl UaealbHO MPO3payHasi TieH-
Ka, M0 KOTOpO# JIerko cTekaeT Bojaa. HeopraHuueckue 3a-
IPSIBHUTENIN Pa3jiaraloTcs 10 MPOCTHIX BEIECTB U XOPOIIO
CMBIBAIOTCS AOXAEeM Osaromapsi CynepruapopmibHOMY 3¢]-
(exry. OOpa3oBaBIIMIiCS HAa TTOBEPXHOCTU CJIOI BOABI IIpe-
NOTBpAlllaeT NPUIUNaHUe YacTUIl TbIIM M Macjaa. DToT 3a-
IIUTHBIN 6apbep MPOMyCcKaeT BOLY, KOTOpast CMbIBAeT YacTH-
116l C TIOBEPXHOCTH. 3aTe€M B TeYCHUE JJIUTEIBHOTO BPEMEHU
MTOBEPXHOCTh OCTAETCSl YMCTOM, YTO 3HAUUTENLHO CHUKAET
CTOMMOCTh PEMOHTa M TEXHUYECKOTo oOciyxXuBaHus. Bce
9TU acreKThl 3deKTa cCaMOOUMILIEHUS TPUBOIAT K CHUXE-
HUIO CTOUMOCTH OOCITYKMBAHUS U AOJITOBEYHOCTH LIBETOBBIX
OTTEHKOB, YTO, CJIEIOBATEeJIbHO, SIBJISIETCSI 3KOHOMUYHBIM 1
3CTETUYHBIM MTPEUMYIIECTBOM UCTIOIb30BaHUS (DOTOKATAIM -
3a TiO, B 6eToHe. PaznuyHble vccaeoBaHus 10Ka3alu, YTO
ITOMUMO CBOWCTBA CAMOOYMIIIEHUS HAHOOKCH TUTaHa MO-
KT TakKe CIoCOOCTBOBATh YCKOPEHUIO TMApaTalluy MOpT-
JIAaHZLIEMEHTA, OKa3bIBaeT BIAUSIHUE HA YiIydllleHHe TPOYHO-
CTH TIpY CKaTUU Y U3rHbe 1 yBEJMIMBAET U3HOCOCTOMKOCTD
6eToHa. OgHaKO OBLUTO TaKXKe YCTaHOBJIEHO, YTO (DOTOKATa-
muTndeckas 3¢ ¢GeKTUBHOCTh MOXET OBITh ITOTepsiHA M3-3a
KapOOHaTM3alMK MOBEPXHOCTH, Ha KOTOPOUl HaxoauTcst Go-
ToKaTtanuzatop [7].

Mertonp! oueHKH (DOTOKATAIMTHIECKOI AKTUBHOCTH

OueHka (oTokaTaIuTUYECKOW aKTUBHOCTU TOCPEI-
CTBOM pPa3JIOXEHMsI OPraHMYeCKOTO MUTMEHTA OIpeaesseT-
Cs UTAJIbSHCKUM HalMOHalbHbIM cTaHaaptom UNI 11259
«OmnpeneneHue (HhoToKaTATUTUUECKON aKTUBHOCTH T'MIpPaB-
JINYECKUX BSDKYIIUX — poAaMMH TecT» [8]. MeToa ocHOBaH
Ha HaHECEHWM opraHuyeckoro nmurmeHra Pomamuna B (Tak
Ha3blBAEMOE 3KCIEPUMEHTAJbHOE BEIIECTBO W3BECTHOM
KOHIICHTpallM1) Ha Tapy o06pa3ioB (hOTOKATATUTHUYECKOTO
LIEMEHTHOTO PAaCcTBOpa, U3rOTOBJIEHHOTO B COOTBETCTBUU C
EN 196—1 «Metoapl WCHBITAHUS IIEMEHTAa — 4YacTh 1:
OmnpeneneHue npoyHoctu» [9]. OnuH obpasell MOMEIAIT B
J1abopaTOpHbBIE YCJIOBUSI B KauecTBE 3TajlOHA, IPYroi Moji-
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form an opaque layer. However, action of ultraviolet radiation
makes the surface of anatase strongly hydrophilic, water droplets
get interconnected and perfectly transparent film is created, on
which further water runs down easily. Inorganic pollutants are
decomposed to simpler substances and well washed down with
rain thanks to the superhydrophilic effect. This layer of water
created on the surface prevents adhesion of grains of dust and
particles with oil. This protective barrier lets water flow down
and wash away particles from the surface. Surface is then clean
and light for longer time, which considerably reduces cost of
repair and maintenance. All these aspects of the self-cleaning
effect lead to lower cost of maintenance and long-term stability
of colour shade, hence, this is the economical and aesthetical
advantage of using photocatalytic TiO, in concrete. Various re-
searches proved that apart from the self-cleaning property, the
nano-TiO, can also contribute to acceleration of hydration of
Portland cement, has effect on improving of compressive
strength and bending strength and increases abrasion resistance
of concrete. However, it was also found that the photocatalytic
effectiveness can be lost due to carbonatation of surface on
which the photocatalyst is placed [7].

Methods of testing photo-catalytic activity
Testing of photo-catalytic activity by means of decompo-
sition of organic pigment is determined in Italian National
Standard UNI 11259 «Determination of the photocatalytic

a
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Bup, 6eTOHHOW NOBEPXHOCTU: @ — A0 Bo3aeincTeus YO (0 4); b —nocne Bo3-
nencteus YO — obecupeyeHo (nocne 26 4)

View of concrete surface: a — before exposition to UV (0 hours); b — after
exposition to UV — discoloured (after 26 hours)
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Bepraiot Bozaeiicteuio Y@ uznydyeHus. Konopumerpuueckue
M3MEPEHUS IIPOBOAATCS Mocie 4 1 26 4; 3aMepeHHOe 3Haue-
HUE SIBJISIETCS] UBMEHEHUEM MHTEHCUBHOCTU OKPAcKM Opra-
HUYECKUM MTUTMEHTOM BO BpeMeHU. McribiTaHue olleHUBaeT,
SIBJISIETCST JIM JJaHHBI oOpasell ueMeHTa (oTokaTaaiuThye-
CKUM TI0 YPOBHIO OKparmuBaHust Pomamuta B.

HUccnenosanue cpoiicts «de — NO,» MpoBoaUTCS B J1a00-
paTopuM B PEaKTOpe MAEATbHOIO BHITECHEHUS B COOTBET-
ctBuu ¢ ISO 22197-1: 2007 «ToHKas KepaMuKa, COBpEMEH-
Hasl TeXHMUYecKasl KepaMuka. Metoa ucciaenoBaHust ahdex-
TUBHOCTM OYMCTKU BO3/IyXa MOJYITPOBOJHUKOBBIMU (hOTOKA-
TaJIUTUIECKUMU MaTeprajlaMi — 4acTh 1: YnaneHue okcuma
azora» [10], roe ypoBeHb CHIDKeHUs KoHIeHTpauuu NO u
NO, B raze usmepsieTcsl IOC/I€ KOHTAKTa ¢ aKTUBUPOBAHHbBIM
BELLIECTBOM.

IIpumep oueHkH GOTOKATATUTHYECKOH AKTUBHOCTH
MOCPEACTBOM Jerpasaliii MArMeHTa

Jl71s aKcIeprMeHTa OBLIM M3TOTOBJIEHBI IBA COCTaBa C J0-
GapienueM 5% u 10% nopoiika dorokaranuzatopa. st go-
KazaTeJabcTBa (HOTOKATATUTUYECKON aKTUBHOCTH OBLT HC-
MOJIb30BaH MeTol B cooTBeTcTBUU ¢ UNI 12256 — mpuHIIMIT
Jlerpajialiii OpraHWM4YecKoro MUrMeHTa. PesyibTaThl 3KCIe-
pYMEHTa, TOATBEepXKIalollre Ierpajaiuo nurmMeHTa Pona-
MUHa B, mpencraBieHbl B TabaUIIe M Ha pUCYHKE.

IIpocras Bu3yasibHas OlleHKa OMHO3HAYHO TOBOPUT O
YEeTKOM Jerpagalvu opraHmyeckoro nurmeHta Pogpamuna B,
KOTODBIiA B IPYTUX CIydyasix ycToiuuB K YD uziyyeHuto, mo-
cie 26 9 Bo3meiicTBus Y@ B 060oux coctaBax ¢ 5% u 10%
TiO, [11].

BoiBopl

JlaHHas CTaThs ONMCHIBAET CBOMCTBA NMOKCUIA TUTAHA, B
YaCTHOCTH €ro PYTWJIbHYIO M aHaTa3Hy1o ¢hopmbl. Takxke 1mo-
IpoOHO onucaHa poTokaTanuTuyeckas aktTuBHocTb Ti0O,, ee
OCHOBBI U TIPUHIMUIIBI, Beaylire K 9 deKTy caMOOYUIIIEHHS
Ha TOBEPXHOCTSIX CTPOMTENIBHBIX KOHCTPYKIMWU, CHHEPTHS
OKMCJIEHUS U Cynepruipo@uiibHOCTb nosepxHocteii ¢ TiO, u
CHIXEHUME COEpKaHUsI BPEIHBIX BELIECTB, B YACTHOCTU OK-
cunoB asora (NO,). Bo BTopoii yacTu OmMCaHbI METOIBI
OLIEHKM (DOTOKATAJIMTUUECKON aKTUBHOCTU NTMOKCHUIA TUTA-
Ha, B YaCTHOCTH PAa3JIOXKeHWE OPraHWMYeCKOTo MUTMEHTa Ha
IMOBEPXHOCTH OETOHA, pa3oXeHHe ra3000pa3HOr0 KOMIIO-
HEeHTa Ha OETOHHOM MOBEPXHOCTU U IIPUMEPhI IIPOTUBOACH -
CTBMUSI TIOBEPXHOCTHM BO3AEHCTBUIO CJIOSI OMOIIEHKM.
DKCIeprMMEHTAIBHOE UCCIIEIOBaHME IByX 00pa3IioB OeTOHA ¢
TiO, noka3ano (poTOKaTATMTUYECKYIO PEAKLIMIO U TPUMEHH -
MOCTb MeTOJIa OIICHKH.
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activity of hydraulicbinders — rodammina test method» [8].
The test method is based on application of organic pigment
Rhodamine B (so-called model substance of known concen-
tration) on a pair of samples of photocatalytic cement mortar
manufactured in accordance with EN 196—1 «Methods of
testing cement — Part 1: Determination of strength» [9]. One
sample is placed in laboratory conditions as a reference, the
other one is exposed to UV radiation. Intensity of coloring is
colorimetrically measured after 4 and 26 hours; the measured
value is change of intensity of coloring by organic pigment in
time. The test evaluates if the given cement sample is photo-
catalytic or not by the level of discoloring of Rhodamine B.

Testing «de — NO,» properties is testing in laboratory in a
plug-flow reactor in accordance with ISO 22197-1: 2007
«Fine ceramics, advanced technical ceramics. Test method
for air-purification performance of semiconducting photo-
catalytic materials — part 1: Removal of nitric oxide» [10],
where the level of reduction of concentration of NO and NO,
in gas after contact with activated material is measured.

An example of testing photocatalytic activity
by degrading organic pigment

For the purpose of the test, two mix-designs with addition
of 5% and 10% of powder photocatalyst were manufactured.
The method in accordance with UNI 12256 — principle of
degradation of organic pigment — was used for proving pho-
tocatalytic activity. Results of experiment — degradation of
pigment Rhodamine B — in Table and Fig.

Pure visual assessment unambiguously proves clear degra-
dation of organic pigment Rhodamine B (which is otherwise
stable in UV radiation) after 26 hours of exposition to UV,
both mix designs with 5% and 10% of TiO, addition [11].

Conclusion

The paper described properties of titanium dioxide, in
particular its rutile and anatase form. Photocatalytic activity
of TiO, was also described in detail, its beginnings and prin-
ciples leading to the self-cleaning effect on surfaces of build-
ing structures, synergy of oxidation and superhydrophilicity
of the surface with TiO, and reduction of content of pollut-
ants, in particular nitrogen oxides (NO,). The second part
described test methods of photocatalytic activity of titanium
dioxide — in particular decomposition of organic pigment on
the surface of concrete, degradation of gaseous component
by means of concrete surface and resistance of the surface to
a biofilm layer with practical examples. Experimental verifi-
cation of two samples of concrete with TiO, proved photoac-
tive reaction and applicability of the test method.
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