AHOTANIA

Tocone M.M. ®oTtokaTamiTUYHI KOMITO3UINMHI B’SKydl Ta HaHOMOAM(DIKOBaHI
037100J110BajIbH1 PO3UMHU Ha iX ocHOBI. — KBami(ikaiiitna HaykoBa Ipalis Ha mpaBax
PYKOIIUCY.

Hucepraiiiss Ha 3100yTTSI HAyKOBOTO CTYINEHS JOKTopa (dijocodii 3a
cnerianpHicTIO 192. ByniBHUNTBO Ta muBUIbHA iHXeHepia (19 — ApxiTekTypa Ta
OyaiBHUIITBO). — HamionanbHuii yHiBepcuTeT «JIpBiBChbKa moniTexHikay, JIbBis, 2021.

Hucepramiiitna poOoTa mNpUCBAYEHA BUPIMICHHIO 3aBIaHHS  OJCP)KaHHA
HAHOMOJM(IKOBaHUX  O03700MIOBAIbHUX PO3YHHIB HAa OCHOBI  PO3POOJICHUX
(OoTOKATAMITUYHUX  KOMIIO3UIIIMHUX B SDKYYUX, SKI OTPUMYIOTHCA IUISIXOM
3MilryBaHHS Kommo3uuiiHoro mnoptiaanauemMenty CEM II/B-M (S-P-L) 32,5R 3
MiHEpaAJTbHUMU 100aBKaMU PI13HUX THUITIB Ta HAHOMOIU(DIKATOPAMH.

Y pozoini 1 «CtaH TUTaHHSA Ta TEOPETUYHI TEPEIyMOBH JOCTIIHKCHBY
PO3MIISTHYTO Ta MPOAHATI30BAaHO Cy4YacHI TEHCHIlI B €KOJOTIYHOMY OYIiBHHUIITBI
srimHo  €Bponeiickkoro 3eneHoro Kypcey (Green Deal), cepen mnpiopuTeTHHUX
HAMPSIMKIB SIKOTO Ba)XXJIMBE MICIE BIABOJUTHCS 3a0€3MEUCHHIO €KOJIOTTYHOT Oe3MeKu
BIJIMOBIHO /10 HOBITHBOI cTparterii HarionaneHoi 6e3neku Ykpainu. [Tokazano, 1o
B YMOBaX Cy4YacCHHUX BHKIMKIB Ui BCHOTO JIFOJICTBA y BHUIJISII MaHIEMill Bipycy,
MEPEHACENICHHSI Ta MOTIPIIEHHS €KOJIOTIi, po3poOKa CaMOOYMCHHX MOKPHUTTIB IS
OyIiBeNb Ta CHOPYJ € TMPIOPUTEHOI0 TEMOI IOCHIPKEHHs 0aratboX MPOBIIHUX
JOCHIIHUKIB y OyNiBeNbHIN ramy3i. AKTYaJbHICTh PO3pOOICHHS (POTOKATATITUIHUX
MaTepiaiB, skl 3MOXKYTb HE JIUIIIE OUHUILATH TTOBEPXHIO, aJi€ i 3HUIIYBATH 3a0pyIHUKH
B TOBITpP1, BIUIMBAIOUYM HA €KOJOTIYHUM CTaH CEPEJOBHINA, BUTIKAE 3 HEOOX1THOCTI
BUPIIICHHS COIliaIbHIX, CKOHOMIYHUX Ta €KOJIOTIYHMX 3aBJIaHb Ta BUPINIYETHCS 32
paxyHOK CTBOPEHHS I[EMEHTYIOUMX MaTepiajliB HOBOTO MOKOJIHHS, IO 3MOXYTh
OJTHOYACHO HAaOyBaTH BJIIACTUBOCTEH PI3HOTO XapakTepy.

3po0neHo aHamITUUHUN OIJIsA JITepaTypHHX JOKeped 1 T[OKa3aHo, UI0
po3po0JieHHsT TOM(YHKIIOHAIBHUX CTPYKTYPHHUX MaTtepialliB 13  IOKPaIIeHOIO
(bOTOKATaNMITUYHOIO JiSUTBHICTIO BUKJIMKAE 3HAUHI TEXHOJOTIYHI Ta KOHCTPYKTHBHI

poOJIeMH, MOB’sI3aHl 3 CTBOPEHHAM T10pUIHUX (DOTOKATAI3ATOPIB, K1 AaKTUBYIOTHCS



BUJIMMHUM CBITJIOM, a TaKOXX MIiABUIIEHHSAM e(EeKTUBHOCTI (PoTOKaTami3aTopiB IS
NOTJIMHAHHS  3a0pyIHIOIYMX PEYOBUH TOBITPs, 30€peKeHHS JTOBrOCTPOKOBOI
(dboTOKaTaANMITUYHOI AKTHUBHOCTI Ta MIHIMI3AI€I0 YTBOPEHHS IIKIUIMBUX TMOOIYHUX
IPOJYKTIB mif yac (oroximMiuHoi nii peakiiii. Bii3zHaueHO, 110 HAHOTEXHOJIOTIYHUN
MiIXiT B TOEMHAHHI 3 OaraTo(yHKIIIOHATLHUMHU IIEMEHTYIOUHMH MaTepiajaMu
JI03BOJISIE OTPUMATH HOB1 BIIOCKOHAJICH] 1HKEHEPH1 KOHCTPYKIIIHHI Ta OMOPSIKYBaJIbHI
Marepiagd IMIJBUINEHOT SKOCTI Ta JIOBFOBIYHOCTI 3 OHOBJICHHSIM IMBIJIBHOT
1HPPACTPYKTYPH.

AHali3 naHux y o0yacti OyaiBeIbHOTO MaTepialo3HABCTBBA, @ TaKOX BIJIOMHUX
3aKOHOMIpHOCTEH (OpPMYBaHHS CTPYKTYypd IITYYHOTO KAaMEHIO 13 3aJaHUMH
BJIACTUBOCTSIMH JI03BOJIIE BUCYHYTH POOOUY TIMOTE3Y MPO AOULIBHICTh PO3POOTICHHS
MPUHITMTIOBO HOBOI1 KOHIIETIIii CTBOPEHHS (DOTOKATATITHUHUX 0araTOKOMIIOHEHTHUX
[EMEHTIB Ta MOAU(IKOBaHUX OyAIBENIbHUX PO3YHMHIB Ha iX OCHOBI, IO J03BOJISE
IIPOBOJIUTH OMOPSKYBaJIbHI, PEMOHTHI, peCTaBpalliiHI Ta 1HXXEHEPHO-TEXHIYHI
poOOTH 3riTHO Cy4YaCHUX TEHJCHINM y OymiBHUITBI. JlaHa KOHIEMIliA 0a3yeThcs Ha
PO3KPUTTI 3aKOHOMIPHOCTEH CTPYKTYpPOYTBOPEHHS MOAM(DPIKOBAHUX OYIIBEIbHUX
PO34YHHIB HA OCHOBI (POTOKATAMITHYHUX OAraTOKOMIIOHEHTHHX IIEMEHTIB 3a PaxyHOK
MOTIMOJIEHOTO BUBYEHHS B3a€EMOJII HAHOPO3MIPHUX MOIU(DIKATOPIB  PI3HOTO
MpPU3HAYEHHS 3 ypaxyBaHHSM  B3a€EMO3B’SI3KY  MIKpPO- Ta  ME30CTPYKTYpH
Moau(iKOBaHUX OyIIBEIbBHUX PO3YMHIB, iX TEXHOJOTIYHHUX 1 (PI3UKO-MEXaHIYHUX
BJIACTUBOCTEM.

VY poszoini 2 «XapakTepuCTUKa BUX1JTHUX MaTepiaiiB Ta METOAM JOCIIKEHb)»
OMMCAaHO METOJUKY MPOBEICHHS EKCIEPUMEHTAIBHHUX MOCTIIKEHb Ta HABEJEHO
XapaKTEepUCTUKY BUKOPUCTAaHMX MaTepianiB. HaBeaeHo 3arajibHy MOCHITOBHICTh
IPOBEJICHHS JOCTIIKEHb y BUTIIAA1 Os0K-cxeMu. [IpencraBieHo (izuko-MexaHidH1
BJIACTUBOCTI, MIHEPAJOTIYHUI Ta TPaHYJIOMETPUYHUN CKAAAM MOPTIAHLEMEHTIB
CEM 1 42,5R ta CEM II/B-M (S-P-L) 32,5R, a TakoX KpuBI pPO3CIFOBaHHS
KBapuoBoro micky Benuko-I'miGoBunbkoro pogosuia. HaBeneHo xapakTepUCTHKY
Ta XIMIYHHH CKJIaJ MiHEpalbHUX H00aBOK — BamHsIKy J[yOiBEIbKOTO POIOBHINE Ta
TOHKOAUCIIEpCHOTO Kaojiny. Hagano xapakrepuctuky moaudikatopis: Mikpo-TiO,

(bembris), nano-TiO; P25 (Himeyunna) ta Hanokommnosuty Ti0,/S,C, momoBaHoro



cipkoto Ta ByrieneM (Ykpaina). IlpencraBieHO TEXHIYHI BJIACTUBOCTI, THIH
CTPYKTYp Ta pO3MIpH 4YacTMHOK HaHoMmMoau(ikaTopiB. Takoxk HaBeIEHO
XapaKTepUcTuKy no6aBok: ¢yHruniny tiocyiabponatHoro tumy ETS (Vkpaina),
cynepriactudikaropa mnojikapookcwiatHoro tumy Master Glenium Ace 430,
MOBITPOBTATYBaJIbHOT 100aBku Master Air 81 Ta mpuckopioBaua TBEPAHEHHS TUITY
X-SEED 100 (BASF, Himeyunna). ®i3uko-MexaHiuyHi BUIPOOYBAHHS B’ SIKYy4YHX Ta
OyaiBeJIbHUX PO3UYMHIB MPOBOAMIH y BianoBiaHOCTI 3 unHHUME JICTVY, ISO Ta EN.
Omnurcana XapaKTepUCTHKAa OCHOBHUX NPWIAAIB, 3a JOMOMOTOI SKHX OYJIo
poBeIeHO (DI3MKO-XIMIYHI JOCHIKEHHS, a caMe: YJbTpa3BYKOBa BaHHA, M10HI
Jazepu  PI3HOI  IHTEHCHBHOCTI, CBITJIOBHM  CHEKTPOMETpP, paMaHIBCbKUI
CHEKTPOMETP, TEH310METP, JIA3€PHUI aHAII3aTOP Ta MIKPOCKOIU aTOMHO-CHUJIOBOTO,
CKaHYIYOro Ta ONTUYHOTO THUIIB.

Y pozoini 3 «JocmimxenHs (pOoTOKAaTaTITUYHUX KOMIIO3HUIIIHHUX B’ SKYYUX Ta
03700JIF0BaJIbHUX PO3YMHIBY» JOCIII)KEHO BIUIMB JUCIEPCHOCTI KOMIIOHEHTIB Ha
BJIACTHUBOCTI KOMITO3UIIAHUX B’ SKYYUX. Otpumano pe3yJbTaTu
IPaHyJIOMETPUYHOTO CKJIATy KOMIO3UINMHOTO MOPTIAHIIEMEHTY Ta HaHOJI00aBOK
Ti0,; npoBeneHa KOMILJIEKCHA OI[IHKA PO3MOALTY 32 pPO3MipaMH iX YaCTUHOK SIK 3a
00’eMOM, Tak 1 3a MATOMOIO MOBEpXHE. BcranomneHo, mo HaHO-TiO, P25 Ta
HaHokoMmno3uT Ti0,/S,C maroTh koe(dilieHTH MOBEPXHEBOI aKTMBHOCTI BiJIITOBITHO
14400 Ta 20000 MKM™'-006. %, TOOTO XapaKTEPU3YIOTHCH EKCTPEMALHO BHCOKOKO
MMOBEPXHEBOIO AaKTUBHICTIO, SIKa BU3HAYA€E (POTOKATATITUYHI BIACTUBOCTI IIEMEHTHUX
po3unHiB. BusznaueHo koediieHTH BiAOUTTS CBITJIa OCHOBHUX KOMIIOHEHTIB
KOMIIO3UILIIMHUX I[EMEHTIB, 3riOHO AKuX HaHO-T10, P25 Bomomie HaWBUIIUM
MOKa3HUKOM KoedimieHnTta BiAOUTTS Ha piBHI 98%. MeTtogom MaTeMaTUYHOTO
IUTAHYBaHHS €KCIIEPUMEHTY MPOBEJIEHO ONTUMI3alllI0 CKIaay MYJIbTUKOMIOHEHTHOTO
JEKOPAaTUBHOTO LIEMEHTY. 3riAHO rpadiyHOil IHTepIpeTalii OTPUMaHUX 3aJIeKHOCTEN
BCTAHOBJICHO, 1110 BBeAEeHHS n00aBok 3,0 mac.% kaominy Ta 0,4 mac.% wmikpo-TiO;
3abe3neuye  MiABUINEHI  IMOKA3HUKKW  pPaHHBOI Ta  Mapo4yHOI  MII[HOCTEH
MYJIbTUKOMIIOHEHTHUX LIEMEHTIB MpH miBuieH i pyxauBocti (PK=140-150 mm).

PesynbpTaTu nocmikeHb (i3UKO-MEXaHIYHUX BIACTUBOCTEH (POTOKATATITUUHUX

KOMITO3HITITHUX TOPTJIAHIIEMEHTIB CBII4aTh, 10 depe3 2; 7 Ta 28 mid MIIHICTh Ha



CTHUCK B'sKydoro 3 gob6askamu 2,0 mac. % Hanokommno3uty Ti0O,/S,C ta 0,5 mac. %
cynepmutactudikaropa tuny Glenium Ace 430 craHoButh BianosigHo 43,2, 62,3 Ta
79,0 Mlla 1 mopiBHAHO 3 0€3100aBOYHMM CKJIaJIOM 30UIbIIyEThCS HA 72,8; 55,7 Ta
31,6%.

JlochikeHo BIUIMB HaHOMOAW(DIKATOPIB Ha (PI3UKO-MEXaHIYHI Ta CTPYKTYpHI
BJIACTUBOCTI TINCOBUX B’sDKyunX. MIIHICTh Ha CTUCK NMpU Mojaudikalii rirncoBoro
B'sKy4oro 3 godaskoro 2,0 mac. % nanokomno3uty Ti0,/S,C 30unbl1yeThes uepes 28
16 Ha 54% mopiBHsSHO 3 0Oe3go0aBoyHUM 3paskoMm. [lpm  mocmimkeHHi
MaKpOCTPYKTYpH MOJU(IKOBAHOTO TIIICOBOI0 KaMEHIO BCTAaHOBJIEHO, IIO0 B MOpax
3HAXOAATHCSA  arjioMepaTd  JIOMOBAaHOTO  HAHOKOMIIO3UTY, SIKI  YIIUJIBHIOIOTH
MIKPOCTPYKTYPY, 3alIOBHIOIOUH MOPH, 1[0 CHPUSE MIABUILEHHIO MIITHOCTI MaTepiaiy.
[Ipu aHamizi pamMaHIBCbKUX CIIEKTPIB TIIICOBOr0 KameHio 3 nobaskoro 2,0 mac. %
Ti0,/S,C, BcranoBieHO, Mo MOAU(DIKOBAHUN 3Pa30K XapaKTEPU3YETHCS HASIBHICTIO
AHATA3HOTO JIOKCUIy TUTAHY, JJIS IKOTO XapakTepHi cMyru npu 148 cm™! ta 638 em!.

VY po3zoini 4 «Po3pobiieHHs HAHOMOIU(PIKOBAHUX 03/100TFOBAIbHUX PO3YMHIB Ha
OCHOBI  (pOTOKATATITUIHMX KOMITOZUIIMHUX B SOHKYYHX» JOCHIIKEHO BIUIUB
HaHoMoudikaropis TiO, Ha ¢i3UKO-MEXaHIUHI BJIACTUBOCTI (POTOKATATITUIHOTO
03/100JII0BAJILHOTO PO34YHHY. Tak, MIIIHICTh PO3YMHY Ha CTUCK 3 BMicToM 2,0 mac. %
Ti0,/S,C uepe3 7; 28 Ta 90 ni6 TBepaHeHHs cTaHOBUTH 16,1; 23,9 MIla 1 25,6
BIJIMOBIAHO, 1110 Ha 67,7%, 75,0 % 1a 76,5% BUIIIE MIITHOCTEN PO3UMHY KOHTPOJIBHOTO
ckianay. Lle cBiquuTh mpo Te, 110 YacTuHKK HaHO-T10,, AUCTIeproBaHi 3a J0MOMOI 00
yIIBTPa3BYKy, CIPUSIOTh YIIUIBHEHHIO Ta MOKPAIIylOTh MEXaHIYHI XapaKTePUCTUKU
03/100JII0BAJIbHUX PO3YHHIB.

HaBeneno xapakTepuCTHKY CaMOOYMCHUX BJIACTUBOCTEW PO3YMHIB HA OCHOBI
(hOTOKATATITUYHOTO KOMIIO3UIIIMHOTO B’ shky4doro. OTpuMaHi pe3yJibTaTi TeH310MeTpil
CBIJ4aTh, 10 HAHOUIBIINI KYyT KOHTAKTy BoaHU 3 moBepxHero (120,8°) mocsraeTbes Ha
noBepxHi 3pa3ka, moaudikoranoro 2,0 mac.% TiO,/S,C, mo cBiAUUTh IPO HAJAHHS
noBepxHi TiapodoOHux BiractuBocTed. Bussieno, mo moaudikatopu TiO, P25 Ta
TiO,/S,C 3HayHO 3HWXKYIOTH BUIbHY €HEpPril0 MOBepxHi. Tak, A LEMEHTHOTO
po3umnHy, MogudikoBaHoro 2,0 mac. % TiO,/S,C, nokazHuK BiILHOI €Heprii MOBEpXHi

cknagae 40,1 mJIx/M2, TOAI K U1 KOHTPOIBHOTO 3paska - 64,1 mJ[x/m?. Ile cBiguuts,



110 NMPU BUKOPHUCTAHHI HAHOKOMITO3UTY Ha OCHOBI MOJM()IKOBAHOTO JIOKCHU]TY TUTAHY
MOBEPXHsI IIEMEHTHOTO pO3unHy HaOyBae Timpo(oOHMX BIACTHBOCTEH, IO CIIPHSIE
polecaM CaMOOYHUIIICHHS.

JocnipkeHHsIMA  (POTOKATATITUYHOCTI TOBEPXOHb 03700JIFOBAILHUX PO3YHHIB
BCTAHOBJICHO, ITI0 Y BUAUMOMY CIIEKTp1 CBITIA 3pa3ok 3 2,0 mac. % Ti0,/S,C nposiBise
HaWBUIIMK PIBEHb (POTOKATAMITUYHOI akTUBHOCTI (87 %), TOml AK Ui 3pasKiB 3
HaHoMmoudikaropom TiO, P25 el nmokaszHuk ckianae Bcboro 44 %. Ile cBiquuTh
npo BiacTuBicTh HAaHOKOMMO3UTY Ti0,/S,C mpaioBaTH caMe y BHAUMOMY CHEKTpi
cBiTiia. BcrtaHoBneHo, 1mo 3pa3ku 3 HaHokoMmio3uToMm Ti0,/S,C 3matHi iHILiIOBaTH
peaxiii ¢poTokaTanizy came y BUANMOMY CIEKTP1 CBITIa, TEHEPYIOUH BUIbHI paIuKaIu
1, THM caMHM, 3HEUIKO/JKyBaTH 3a0pyqHIOBaul Ha MOBEpXHI 0e€3 J0JaTKOBOTO
yIbTPag107IE€TOBOTO OIIPOMIHEHHS.

[IpoBeneHUMHU TOCHIPKEHHAMU (QYHTIUAHUX BIIACTUBOCTEH PO3POOICHUX
03/100JIFOBAJIbHAX PO3YMHIB BH3HAYEHO, IO 3aCTOCYBAHHS KOMIUIEKCHOI J00aBKU
2,0 mac.% nanoxomnosury Ti0,/S,C ta 0,05 mac.% antumikotnuHoro oiomuay ETS
3naTHe 3a0e3levyyBaTd PE3UCTUBHICTh TMOBEPXHI A0 YPaKEHHS KOJIOHISIMH Tpuba
Aspergillus niger y mpuUMIIIIEHHAX 3 IT1IBUIIICHOIO BOJOTICTIO Ta BIJICYTHICTIO JICHHOTO
ceitna. [Tpu oMy KoMIUTEKCHA J00aBKa 3a0e3medye yTBOPSHHS Ha TIOBEPXHI 3pa3ka
MakKpoIop, siKi 30UTBIIYIOTh MUTOMY ILIOILY MOBEPXHI IITyKAaTypKH, 32 PaXyHOK YOTO
OlnbIa KITBKICTh MOJEKYJ JIOKCHAYy THUTaHy MOJXKE BCTYNaTH B PEAKIIIo
doTokaramizy. Taka 3MiHa MIKPOCTPYKTYPH IMOBEPXHI 03100JIOBAILHUX PO3YMHIB
CIIpUsI€ TIIBUILCHHIO OAKTEPUIIMIHOI /11 KOMIUIEKCHOI JOOABKH JIIOKCUIY TUTAHY Ta
TioCyJIb(OHATY.

3 MeTow onTuMizamii CKIagy O03100JI0BALHOTO PO3UMHY MPOBEICHO
MaTeMaTUIHE MOJICIIOBAHHS B 3aJ]aHOMY 1HTEpBaJIl 3MiH KUTbKICHUX CITIBBIHOIICHb
KOMITOHEHTIB. BiIMOBITHO /10 OTpUMaHUX 3aJISKHOCTEH BCTAHOBJICHO, IO JUIS 3/IaHOT
Mapkd OyJiBeJIBHOrO po3urHy M50 OnNTUMalbHHM BMICT KOMIIO3MIIIHHOTO
IOPTIaHIIEMEHTY CTaHOBHTHL 160 kr Ha 1 M’ micKy, a TOHKOAMCIEPCHOTO KAOJIiHY
— 50 kr Ha 1 M’ micKy; OpM IBOMY CTBOPIOETBCA MOMKIMBICTH €KOHOMIi
noptaasanemMeHTy 10 20 % 1 oTpuMaHHA JIETKOBKIJIAIaJIbHOI PO3YMHOBOI CyMIllll 3

HEOOX1IHOI0 MILHICTIO. JIOCTIPKEHO MOKAa3HUKU SKOCTI HAHOMOAH(IKOBAHOTO



037100JTI0BAJIBHOTO PO3YUHY 3 POTOKATATITUYHUMHU, CAMOOYUCHUMHU Ta O10LIMIHUMHU
BJIACTUBOCTSIMHU.

Y  pozmimi 5 «lIpomucnoBe BOpPOBa/KEHHS  HAHOMOJU(IKOBAHUX
037100JTIOBAJIbHUX PO3YUHIB» MPEJCTABICHO PE3YIbTaTH JOCIITHO-IPOMUCIOBOI
anpoOanii (oToKaTATITUYHUX KOMIO3UIIIMHUX B’SHKYYUX Ta HAHOMOAM(PIKOBAHUX
037100JIFOBAJIbHMX PO3YMHIB Ha 1X OCHOBI. Po3po0iieHa TEXHOJOTIYHA cXema
BUTOTOBJIEHHS KOMIMO3HUIIHHOTO B’SXKYy4Oro 3 (POTOKATAIITUYHUMHU BJIACTUBOCTSMU
Ta BU3HAYEHO MOKA3HUKH SIKOCTI CyMmilen Ay o3100nenns BianosigHo 10 ACTY b
B.2.7-126:2011. Po3po6ieno oM yHKIIOHATBHI HAHOPIIUHU 3
(dhOoTOKATATITHYHUMH BJIACTUBOCTSMH JIJISl 3aCTOCYBAHHS HA ICHYIOUMX MMOBEPXHIX Ta
doTokaTamiTiuHi hapou A1 AEKOPATUBHOTO 03700eHHS (acaiB, a TAKOXK TEXHIUHI
ymoBu TY V 23.5-02071010-179:2020 st BUTOTOBJICHHSI HaHOMOIM(DIKOBaHUX
doTokaTamiTHUHUX 037400MI0OBaTbHUX MatepianiB. HaBeneni OynaiBenbHO-TEXHIUHI
BJIACTUBOCTI HaHOMOAM(DIKOBaHUX (POTOKATATITUYHUX 03700JI0BAIBHUX PO3UUHIB,
BurotoBieHux Ha T30B «Kampon VYkpaina». Ilokazano, mo ¢(oTokaTamiTHYHI
MaTepiaJd MOXHa 3aCTOCOBYBAaTH He juiue aisi ¢acagHUX MOKPUTTIB, a ¥ JId
iHTep epHOTO 03/1001eHHs. BripoBamkenHs riopuanoro Hanokommnosury Ti0,/S,C 3
(doTOKaTaTITHUHUMHU BIACTUBOCTAMU Y BHIMMOMY Jlialla3oHl CBIiTIA y OyIiBEIbHY
chepy BIIKpUBAE MIMPOKI MOMIIMBOCTI JJII BUTOTOBJICHHS CaMOAEC3WH(DIKYIOUNX
MOBEPXOHb, NEPEBAKHO 11 TPOMAACHKUX MICIb, K1 TOTPEOYIOTh BUCOKOIO PIBHS
Tiri€eHd, HAPUKIIAJ, y JIKapHsX, [MIKojax Ta iH. [IpeacraBneHa TeXHIKO-eKOHOMIYHA
Ta eKoJioriyHa e(PEeKTUBHICTh (OTOKATAITUYHMX KOMITOZMIIIMHUX B’ SDKYYUX Ta
HAaHOMOAM(IKOBAaHUX MITYKATYpPHUX PO3YHMHIB JUISI OMOPSAKYBAJIbHUX POOIT.
IIposeneno o3mobnenns (acamy IUIOMEK 762 M? Ta BCTAHOBJIEHO, IO PiuHMIA
ekoHoMiuHMM edekT ckianae 30,78 Tuc. rpH B miHax 2021 p.

Pesynbraty excrepuMeHTaaIbHUX JOCHIKEHb 1 MPOMUCIOBOTO BIPOBAHKCHHS
BUKOPUCTAHO B HaBuajbHOMY mponeci HaiionanbHoro yHiBepcuteTy «JIbBiBChKa
MOJITEXHIKa» MPHU BUKJIaAaHHI TUCIHUILUIIH «IHHOBAIIHI T€XHOJIOT1i BUTOTOBJICHHS
cyuyacHHUX Oy/IiBeJIbHUX MaTepiajiB 1 BUpoOiB» Ta «HOBITHI TeXHOJOTIT B Oy AIBHUIITBI»

JUTSL CTYICHTIB crierianbHOCTI 192 «byIIBHUIITBO Ta UBIJIbHA 1HKEHEPIS.



Karw4oBi ciioBa: exosoriyde Oy iBHUIITBO, (POTOKATATITUYHI KOMIO3UIIIMHI
B’SDKYYl, HAHOMOJU(DIKATOPH, JONMOBAHUN HAHOMIOKCHU]I THUTaHY, 03/100JIFOBAJIbHI
pO3UMHH, BiJIbHA €HEpris, OloIHAHI Ta TiApoQOOHI BIACTUBOCTI, CAMOOUYUCHI Ta

caMo/ie3uH(pIKy0Ul MOBEPXHI.

CIHUCOK MYBJIKALI 3IOBYBAYA

Cmammi y Haykosux gpaxosux eu0anusax Ykpainu:

1. Kropyvnytska T., Sanytsky M., Kotiv R., Gogol M. Decorative plasters for
finishing works // Bicauk HamionansHoro yHiBepcutery «JIbBIBChbKa MOMITEXHIKAY.
«Teopis 1 mpakTuka OyaiBHUITBaY. 2014. Neo 18. C.101-104.

2. Kponuuunpka T., T'orons M., IIporontok O., Mazypak O. MoaudikoBani
03100JI0BaJIbHI  PO3YMHU 3 J100aBKo0 Kaominy // Bicauk HarionamsHOTO
yHiBepcuTeTy «JIbBiBChbKa mosmiTexHika». « Teopis 1 mpakTuka OyaiBHUIITBaY. 2015. No
823. C.185-190.

3. Toronb M. Tloka3zHuku eHeproepeKTUBHOCTI MyJIbTUKOM(OPTHUX OyIUHKIB //
Bicuuk HamionanbHoro yHiBepcuteTy «JIbBiBChbKa moJniTexHikay. « Teopis 1 mpakTuka
OoymiBaAITBaY. — 2019. Ne 912. C.35-40.

4. Imis B., Bbpaituenko C., 'oroms M., Tepmoxak . [lnsxwu migBumieHHS
edexTuBHOCTI OyAiBenbHMX MatepiaiiB rigpodoodizaiiero // Bichuk OJIABA. 2020.
Ne.79. C. 85-91. (DOI: 10.31650/2415-377X-2020-79-85-91).

Cmammi y HayKo8uUx nepiooudHux SUOAHHAX, WO BKIIOUEHI 00 MINCHAPOOHUX
HAyKOMempuiHux 6a3:

5. Hohol M., Lubenets V., Komarovska-Porokhnyavets O., Sanytsky M. Effect
of nano-TiO, and ETS antifungal agent addition on the mechanical and biocidal
properties of cement mortars / // EcoComfort 2020. Lecture Notes in Civil Engineering.
Vol 100. P.134-141 (DOI: 10.1007/978-3-030-57340-9 17).

6. Hohol, M., Sanytsky, M., Kropyvnytska, T., Barylyak, A., Bobitski, Y. (2020).
The effect of sulfur- and carbon-codoped TiO, nanocomposite on the photocatalytic

and mechanical properties of cement mortars // Eastern-European Journal of Enterprise

Technologies. 2020. Vol. 4, Ne6 (106) P. 6 -14.



Cmamms y HayKo8OMYy NepioOUUHOMY BUOAHHI IHULOI 0epIHcasu.

7. Sanytsky M., Kropyvnytska T., Hohol M., Kotiv R. Nanomodified cementing
composites for self-cleaning building materials // Budownictwo o zoptymalizowanym
potencjale energetycznym. 2020. Vol. 9. Ne 1/2020. P. 7-14.

Ilamenm:

8. [larent Ha kopucHy mozaenb 102599 Vkpaina, MIIK (2015.01) C04B 28/00.
bynisenbuuii po3uun. T.II. Kpornueuunbka, M.A. Canunpkuii, P.M. Kotis, M.B.
Koris, .M. I'eB’10k, M.M. T'orons — u201504020; omy6s. 10.11.2015, Bron. Ne21. 2 c.

Hayxosi npayi, siki 3aceiouyroms anpobayito mamepianie oucepmauii:

9. T'oronp M., KponuBuunpka T. EdextuBHI 03100m0BasibHI  OyIBENTBHI
pO3uMHIB 3 100aBKOIO He30araueHoro kaominy // Te3u momosineit 6-1 MiXKHApPOIHOT
HayKoBO-TexH1YHOI KoH(pepenii. [Tontasa, 2014. C. 70-74.

10. Toromp M.M. CusepreTuyHuil MiAXiA TNpPU aHANII31 BIACTHUBOCTEH
0araTOKOMIIOHEHTHHUX TioleMeHTIB // Te3u nomoBimel MikHApOAHOI KOH(DEpEeHIIil
«CTpyKTYypOYTBOPEHHS, MIIHICTh Ta PyHHYBaHHS KOMIIO3ULIMHUX OYIBEIbHUX
MaTepialiB 1 KOHCTpyKuii». Oxeca, 2018. C. 17-19.

11. Hohol M., Sikora P. Research of nanomodified multicomponent cements for
self-cleaning plasters // Te3u npomoBimel 2-i MIKHAPOAHOI HYKOBO-TIPAKTUYHOI
KoH(epeHuii «[HHOBaIIHI TEXHOJIOTII B apXiTEeKyTpl Ta au3aiH1». Xapkis, 2018. C.
117-118.

12. Sanytsky M., Kropyvnytska T., Hohol M., John E., Stephan D., Sikora P.
Effects of nanocrystalline calcium silicate hydrates and nanosilica on the hardening of
Portland composite cements / Te3u AomnoBiae MiKXHAPOAHOT HAYKOBO-IPAKTUYHOT
koH(pepenuii «Nanotechnolgy and nanomaterials 2019», JIbBiB, 2019. C. 104.

13. T'oroms M., Korie M., KipakeBuu I. CTpyKTypOyTBOpEHHS IIEMEHTHHX
KOMITO3UTIB 3 (POTOKATANITUYHUMH BIACTUBOCTAMH // Te3n TomoBiiel MI>KHAPOJHOTO
ceMiHapy «MojenoBaHHs Ta onTUMi3allisl OyIiBeIbHUX KOMITO3UTIB». Oneca, 2019.
C. 23-25.

14. T'orons M., KoBanp 1. CamoouncHI MOKPUTTS AJIsi MYJIbTUKOM(DOPTHUX
OynunkiB // Te3m nmomoBimei 2-1 MixkHaponHOi KoHpepeHiii «dizuuHi mporecu B

eHepreTHill, ekosorii Ta OyaiBHuLTB». Oneca, 2019. C. 39-40.



15. T'oromp M., XabapoBa B. BriiuB HaHOAMCIEPCHOTO MIOKCHUIY THUTaHYy Ha
MIIHICTh CAMOOYHMCHUX JICKOPATUBHUX ITYKaTypok // Te3u momoBigen 2-1 HAyKOBO-
npakTH4HO1 KoH(pepeHuii «Teopid 1 mpakTHKa aKTyaJlbHUX HAYKOBHX JOCIIIKEHDBY.
Huinpo, 2020. C. 106-109.

16. T'oronmp M., Tepmoxkak S1. BrmnuB giokcuay TUTaHy Ha aHTUTPUOKOBI
BJIACTUBOCTI JIEKOPATUBHUX IITyKaTypok // Te3u nomoBimeh 3-i MiKHApOIHOI
koHpepeHIi «di3uyuHI MPOIECH B €HEpPreTulll, €KoJioTii Ta OyaiBHUIITBIY, Ojeca,
2020. C. 14-15.

17. Hohol M., Sanytsky M., Kirakevych I. Photocatalytic self-cleaning decorative
plasters // Te3u nonosineit mixHapoanoro ceminapy «ISCESCE 2020». JIbBis, 2020.
C. 13.

18. Sanytsky M., Kropyvnytska T., Hohol M. Effect of TiO,-based nano-liquids
on the photocatalytic activity and mechanical properties of plasters // Te3u monoineit
MDKHapOIHOT HAyKOBO-TIpakTH4HOI KoH(epeHiii «Nanotechnolgy and nanomaterials
2020». JIsBiB, 2020. C. 206.

19. T'orome M., Xabapoa B. ExomemenTn 3 OiONMUAHUMHU Ta CaAMOOYHCHUMH
BJIACTUBOCTAMU // Te3u JOMOBiAeH MIXXKHAPOJIHOTO MOJIOAIKHOTO KOHrpecy «Cranuit
PO3BUTOK: 3aXHCT HABKOJUIIIHBOTO cepenoBuia. EHeproomaaHicTs. 30amaHcoBaHE

npupopokopuctyBans». JIbBiB, 2021. C. 41.

ABSTRACT

Hohol M. M. Photocatalytic composite binders and nanomodified finishing
mortars on their basis. On rights of the manuscript.

PhD thesis (Doctor of Philosophy) in Engineering sciences by specialty 192.
“Construction and civil engineering” (19 — Architecture and Construction). — Lviv
Polytechnic National University, Ministry of Education and Science of Ukraine. —
Lviv, 2021.

The dissertation is devoted to solving the problem of obtaining nanomodified

finishing mortars on the basis of developed photocatalytic composite binders, which



are obtained by mixing composite Portland cement CEM 11 / B-M (S-P-L) 32,5R with
mineral additives of different types and nanomodifiers.

Section 1 "Status of the issue and theoretical prerequisites for research" considers
and analyzes current trends in environmental construction according to the European
Green Deal, among the priority areas of which an important place is given to
environmental safety in accordance with the latest National Security Strategy of
Ukraine. It is shown that in the context of modern challenges for all mankind in the
form of pandemics of the virus, overpopulation and environmental degradation, the
development of self-cleaning coatings for buildings and structures is a priority research
topic of many leading researchers in the construction industry. The urgency of
developing photocatalytic materials that can not only clean the surface but also destroy
air pollutants, affecting the ecological state of the environment, stems from the need to
solve social, economic and environmental problems by creating a new generation of
cementing materials that can simultaneously acquire different properties, ie have
multifunctional properties.

An analytical review of the literature and showed that the development of
functional structural materials with improved photocatalytic activity causes
technological and design problems associated with the creation of hybrid
photocatalysts that are activated by visible light, as well as improving the efficiency of
photocatalysts during long-term pollution and minimization of the formation of
harmful by-products during the photochemical action of the reaction. It is noted that
the nanotechnological approach in combination with multifunctional cementing
materials allows to obtain new improved engineering construction and finishing
materials of high quality and durability with the renewal of civil infrastructure.

Analysis of data in the field of building materials science, as well as known
patterns of the structure formation of artificial stone with given properties allows to put
forward a working hypothesis about the feasibility of development fundamentally new
concept of creating photocatalytic multicomponent cements and modified mortars
based on them, which will allow finishing, repair and restoration work in accordance
with current trends in construction. This concept is based on the disclosure of patterns

of structure formation of modified mortars based on photocatalytic multicomponent



cements due to in-depth study of the interaction of nanosized modifiers for various
purposes, taking into account the relationship of micro- and mesostructure of modified
mortars, their technological and physical-mechanical properties.

Section 2 "Characteristics of raw materials and research methods" describes the
methodology of experimental research and describes the materials used. The general
sequence of researches in the form of the block diagram is resulted. Physico-
mechanical properties, mineralogical and granulometric structures of Portland cements
CEM 142.5R and CEM 11/ B-M (S-P-L) 32.5R, as well as scattering curves of quartz
sand of Velyko-Hlibovytskiy deposit are presented. The characteristics and chemical
composition of mineral additives - limestone of Dubivets deposit and fine kaolin are
given. The characteristics of modifiers are given: micro-TiO; (Belgium), nano-TiO,
P25 (Germany) and nanocomposite TiO,/S,C, doped with sulfur and carbon (Ukraine).

The technical properties, types of structures and particle sizes of nanomodifiers
are presented. The characteristics of additives are also given: thiosulfonate fungicide
type ETS (Ukraine), superplasticizer polycarboxylate type Master Glenium Ace 430,
air-repellent additive Master Air 81 and hardening accelerator type X-SEED 100
(BASF, Germany). Physico-mechanical tests of binders and mortars were performed
in accordance with current DSTU, ISO and EN. The characteristics of the main devices
used for physicochemical research are described, namely: ultrasonic bath, diode lasers
of different intensity, light spectrometer, Raman spectrometer, tensiometer, laser
analyzer and microscopes of atomic force, scanning and optical types.

Section 3 "Investigation of photocatalytic composite binders and finishing
mortars" investigates the effect of component dispersion on the properties of composite
binders. The results of particle size distribution of composite Portland cement and Ti10O,
nanoadditives were obtained; a comprehensive assessment of the particle size
distribution of both volume and specific surface area was performed. It is proved that
nano-TiO, P25 and nanocomposite TiO,/S,C, which have surface activity coefficients
of 14400 and 20,000 pm™'-vol.%, are characterized by extremely high surface activity,
which determines the photocatalytic properties of cement mortars. The light reflection
coefficients of the main components of composite cements were determined, according

to which nano-Ti0; P25 has the highest reflection coefficient at 98%. The composition



of multicomponent decorative cement was optimized by the method of mathematical
planning of the experiment.

According to the obtained dependences, as well as their graphical interpretation,
it was found that the introduction of 3,0 wt. % kaolin and 0,4 wt. % micro-TiO, provide
increased performance of early and brand strength of multicomponent cements with
increased workability (140-150 mm).

The results of studies of the physical and mechanical properties of photocatalytic
composite Portland cements show that after 2; 7 and 28 days compressive strength of
the binder with additives of 2,0 wt.% nanocomposite TiO,/S,C and 0,5 wt.% of
superplasticizer type Glenium Ace 430 is 43,2, 62,3 and 79,0 MPa, respectively, and
compared to the non-additive sample increases by 72,8; 55,7 and 31,6%.

The influence of nanomodifiers on the physico-mechanical and structural
properties of gypsum binders has been studied. Compressive strength in the
modification of gypsum binder with the addition of 2,0 wt.% nanocomposite
Ti10,/S,C increases after 28 days by 54% compared with the non-additive sample. The
study of the macrostructure of the modified gypsum stone found that the pores contain
agglomerates of doped nanocomposite, which seal the microstructure, filling the pores,
which increases the strength of the material. In the analysis of the Raman spectra of the
gypsum mortar of the non-additive sample and sample modified with 2,0 wt.% of
Ti0,/S,C, it was found that the modified sample is characterized by the presence of
anatase titanium dioxide, which is characterized by bands at 148 cm™ and 638 cm!.

Section 4 "Development of nanomodified finishing mortars based on
photocatalytic composite binders" investigates the effect of TiO, nanomodifiers on the
physical and mechanical properties of photocatalytic finishing mortar. Thus, the
compressive strength of the mortar containing 2,0 wt.% TiO,/ S,C through 7; 28 and
90 days of hardening is 16,1; 23,9 and 25,6 MPa, respectively, which is 67,7%, 75,0%
and 76,5% higher than the strength of the mortar of the control composition. This
indicates that nano-TiO; particles, pre-dispersed by ultrasound, promote compaction
and improve the mechanical properties of finishing mortars.

The self-cleaning properties of mortars based on photocatalytic composite binder

are described. The obtained tensiometry results showed that the largest contact angle



of water with the surface is achieved on the surface of the sample modified with
2,0 wt.% of TiO,/S,C (120.8 °), which indicates the surface hydrophobic properties.
When determining the free surface energy , it was found that the modifiers TiO, P25
and Ti10,/S,C reduce the free surface energy . The lowest value of free surface energy
was recorded for cement mortar modified with 2,0 wt.% of TiOy/S,C (40,1 mJ/m?),
while the control sample is characterized by the highest value of free surface energy
(64,1 mJ/m?). This indicates that when using a nanocomposite based on modified
titanium dioxide, the surface of the cement mortar acquires hydrophobic properties,
which promotes self-cleaning processes.

Studies of the photocatalyticity of the surfaces of finishing mortars have shown
that in the visible light spectrum a sample of 2,0 wt.% TiO,/S,C shows the highest level
of photocatalytic activity (87%), while for samples with nanomodifier TiO, P25 this
figure is only 44%. This indicates the property of the nanocomposite TiO,/S,C to work
in the visible light spectrum. It was found that samples with TiO,/S,C nanocomposite
are able to initiate photocatalysis reactions in the visible light spectrum, generating free
radicals and, thus, neutralize contaminants on the surface without additional ultraviolet
radiation.

Studies of the fungicidal properties of the developed finishing mortars determined
that the use of a complex additive of 2,0 wt.% nanocomposite TiO,/S,C and 0,05 wt.%
antifungal biocide ETS can provide surface resistance to damage by colonies of the
fungus Aspergillus niger in rooms with high humidity and lack of daylight. The
complex additive provides the formation on the surface of the sample macropores,
which increase the specific surface area of the plaster, due to which more molecules of
titanium dioxide can enter into a photocatalysis reaction. This change in the
microstructure of the surface of the finishing mortars helps to increase the bactericidal
action of the complex additive of titanium dioxide and thiosulfonate.

In order to optimize the composition of the finishing mortar, mathematical
modeling was performed in a given interval of changes in the quantitative ratios of the
components in the mortar. According to the obtained dependences it is established that
for the delivered class of mortar M50. The optimal content of composite Portland

cement is 160 kg per 1 m?® of sand, and fine kaolin - 50 kg per 1 m?® of sand; this creates



the possibility of saving Portland cement up to 20 % and obtaining a lightweight mortar
mixture with the required strength. The quality indicators of nanomodified finishing
mortar with photocatalytic, self-cleaning and biocidal properties have been studied.

Section 5 "Industrial implementation of nanomodified finishing mortars" provides
experimental and industrial testing of photocatalytic composite binders and
nanomodified finishing mortars based on them. The technological scheme of
manufacturing a composite binder with photocatalytic properties is presented and the
quality indicators of mixtures for finishing in accordance with DSTU B B.2.7-126:
2011 are given. The technological scheme of manufacturing a multifunctional
nanoliquid with photocatalytic properties for use on existing surfaces and
photocatalytic paints for decorative facades has been developed.

Technical conditions of TU U 23.5-02071010-179: 2020 for production of
nanomodified photocatalytic finishing materials are developed. The construction and
technical properties of nanomodified photocatalytic finishing mortars manufactured at
“Kaprol Ukraine” LLC are given. It is shown that the developed photocatalytic
materials can be used not only for facades, but also for interior decoration. The
introduction of a hybrid nanocomposite TiO,/S,C with photocatalytic properties in the
visible light range in the construction industry opens wide opportunities for the
manufacture of self-disinfecting surfaces, mainly for public places that require a high
level of hygiene, such as hospitals, schools and others. The technical, economic and
ecological efficiency of photocatalytic composite binders and nanomodified plasters
for finishing works are calculated. The facade was decorated with an area of 762 m?
and it was found that the annual economic effect is 30780 UAH (in prices of 2021).

The results of experimental research and industrial implementation were used in
the educational process of the National University "Lviv Polytechnic" in disciplines
"Innovative technologies for the manufacture of modern building materials and
products" and "Newest technologies in construction" for students of speciality 192
"Construction and Civil Engineering".

Keywords: ecological construction, photocatalytic composite binders,
nanomodifiers, doped titanium nanodioxide, finishing mortars, free surface energy,

biocidal and hydrophobic properties, self-cleaning and self-disinfecting surfaces.



