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1. BeToHM i pO3YMHU Ha OCHOBI NOPTJAHALIEMEHTY 3i 3HKEHOIO TPOHUKHICTIO AJ151 XJIOPU,-iOHIB 114

TPaHCIIOPTHUX CIIOPY/

2. Concretes and mortars based on Portland cement with reduced permeability to chloride ions for transport
structures

Pedepar:

1. O6’exT mocmimxkeHHs — mpouecy GOPMyBaHHS CTPYKTYPH MOPTJIAHILEMEHTHOIO KaMEHIO, PO3YMHY Ta OETOHY 3
KapOOHAaTHUMMU J0OaBKaMU Ta MeXaHi3M 3B’13yBaHHSI XJIOPU/I-iOHIB, 1[0 TPOHUKAIOTh B KOHCTPYKIii criopy, 3
OTOYYIOUOTO CepeloBUIIa. MeTO0 JOCTiIKEeHHS € BCTAHOBJIEHHS 3aKOHOMIPHOCTEN CTPYKTYPOYTBOPEHHS
LIEMEHTHOT'O KaMEHIO 3HIKEHOI IIPOHNKHOCTI IJ1s1 XJIOPU]-iOHIB 32 paXyHOK BBe[IeHHS KApOOHATHUX J0OABOK,
PO3p0o06JIeHHS CKIaZliB GETOHY Ta PO3UMHY [JIsl TPAHCIIOPTHUX CHIOPY[. MeToau NOCiI)KeHHs — B
€KCIIepUMEHTAJIbHUX JIOCTIPKEHHSIX BUKOPUCTAHO Cy4acHi MeToan (i3uKo-XiMiYHOTO aHali3y: BUBHAYEHHS
[IMTOMOI MTOBEPXHi MiHEepaJIbHUX 4OOABOK i IEMEHTIB — aBTOMAaTUYHUI NTpusaf bieliHa; BUBHaUeHHS IIibHOCTI

KOMIIOHEHTIB - razoBuii nniknometp Ultrapyc 5000; nocinskeHHs npolecis rigpaTanii BSDKyYnx peqyoBUH —



KaJIOpDUMETP TEIJIOTHU Tifparaii; JOCHiI)KeHH MaKpO- i MIKDOCTPYKTYpHU LOCIIIPKyBaHUX MaTepialiB —
CTEPEOCKOMIYHNN ONTUYHUHN MiKPOCKOIIL; €JIEKTPOHHO-MIKPOCKOIIIYHUI aHali3 — CKaHYIOYUN €J1I€KTPOHHUN
mikpockor Hitachi TM3000 3 Hacapkoio EDS-Bruker 1ij1s1 BU3HaU€HHS €JIEMEHTHOTO CKJIaly; BUBHAY€HHS [IMOMHU
[IPOHMKHEHHS XJIOPUJI-iOHIB — KOJIOPUMETPUYHUI MeToZ, [y NOCiI)KeHHS BIUIMBY arpeCUBHUX CEPELOBUIL, 10
MICTSITb XJIOPUJ-iOHY Ta CIJILHOTO BILJIMBY PiIKOTO CEPELOBUIIA i €JIEKTPUYHOTO 11011 6yJI0 pO3PO6IEHO
OpUTiHaJbHI METONVKU Ta YCTAaHOBKU. Pi3MKO-MeXaHiqHi BJIACTUBOCTI 3pa3KiB LIeMEHTHO-TIIIIIAHOTO PO3YUHY Ta
0€TOHy BU3HAYAJIMACS 32 METOAMKAMHU, L0 BiATIOBINAIOTh Ail0YMM HalliOHAJIbHUM CTaHJApTaM. JI71sl OLiHKU
MO>KJIMBOCTI IIPOTiKaHHSI peaKLiil rifpaTauii leMeHTy B IPUCYTHOCTI KApOOHATHUX J0OABOK 32CTOCOBAHO
TepMOJMHAaMIYHi pO3paxyHKH 3 OLIIHKOI0 MOXKJIMBOCTI IPOTiKaHHS BeJIMYMHAMU iX BinbHOI eHeprii ['i66ca. B
Pe3yJbTaTi AOCiIyKeHb OTPYMaHO HOBi HAyKOBi pe3ysbTaTy. TeOpeTHYHO OOI'PYHTOBAHO i €KCIIEPUMEHTAJILHO
IiATBEPAKEHO MOXKJIMBICTb 3HVKEHHS IPOHUKHOCTI J1s1 XJIOPUI-iOHIB 6€TOHIB i PO34MHIB Ha OCHOBI
[OPTJIAHILIEMEHTY 332 PaXyHOK HaIlPaBJIEHOTO CTPYKTYPOYTBOPEHHS IEMEHTHOTO KAMEHIO B [IPUCYTHOCTI
KapOOHaTHUX [106aBOK. Habysu 1ofanbLuioro po3BUTKY ySIBJIEHHS IIPO 0COOJIMBOCTI IPOLECIB CTPYKTYPOYTBOPEHHS
LIEMEHTHOT'O KaMEHIO 3 KAPOOHATHUMMU [06aBKaMU Pi3HOT'O F€HE3UCY, 110 NOJISITAI0Th Y CIPSIMOBaHOMY (OPMYBaHHI
KPUCTAJIOTipaTiB aHi30METPUYHOI MOp@oJIorii. Bnepiue BCTaHOBJIEHO, IO HAa rPaHulli CGepUYHMK YaCTUHOK
Kpeuau 3a paxyHOK ITyII0JIaHOBOI peakliii yTBOPIOEThCS AP ripoCUIiKaTiB Kabliilo, Bifl IKOTO Bif nnepudepii go
LIEHTPY 3pOCTAIOTh KPUCTAJU rilpoKapOoasoMiHaTiB Kasbliilo. Briepiie BCTaHOBJIEHO, 1110 BBEAEHHS KapOOHATHUX
I06AaBOK IIPU3BOJUTD 10 YTBOPEHHSI B LIEeMEHTHOMY KaM€eHi rilpoKap6oasioMiHaTiB Kabllilo, Ki 3[aTHI 3B’93yBaTn
XJIOPUZ-i0HY 33 PaXyHOK peakuii 3aMilieHHs1 KapboHaT-i0HIB. Briepiie BCTaHOB/IEHO, 10 BBEIEHHS KAPOOHATHUX
I06aBOK 3abe3redye yTBOPEHHS! 10AaTKOBOI KiJIbKOCTI KpUCTaIorigpaTiB (rigpokapboanioMiHaTiB Kasbliiio) 3
IIO3UTUBHUM IIOBEPXHEBUM 3aPsOM, CTIHKY KaMiJsApiB i3 SKMX NepelKoIKaoTb Juy3ii aHiOHIB XJI0py 32 paxyHOK
€JIEKTPOKAIIJIIPHOTO TUCKY. [IpakTUYHe 3HaYeHHS! OTPUMAHUX Pe3yJIbTaTiB MoJIArae y po3pooLi ckiafiB 6€TOHIB Ta

PO34YMHIB Ha OCHOBI IOPTJIAHALIEMEHTY CTiKUX [0 NPOHUKHEHHS XJIOPUJ-iOHiB.

2. Research Object - is the processes of formation of the structure of Portland cement stone, mortar and concrete
with carbonate additives and the mechanism of binding of chloride ions penetrating into the structures of
buildings from the environment. The aim of the research is to establish the patterns of structure formation of
cement stone with low permeability for chloride ions due to the introduction of carbonate additives, development
of concrete and mortar compositions for transport structures. Research methods - modern methods of
physicochemical analysis were used in experimental studies: determination of the density of components - gas
pycnometer Ultrapyc 5000; study of hydration processes of binders - hydration heat calorimeter; study of macro-
and microstructure of the studied materials - stereoscopic optical microscope; electron microscopic analysis -
scanning electron microscope Hitachi TM3000 with an EDS-Bruker attachment for determining the elemental
composition; determination of the penetration depth of chloride ions - colorimetric method. To study the
influence of aggressive environments containing chloride ions and the combined effect of a liquid medium and an
electric field, original methods and installations were developed. The physical and mechanical properties of
cement-sand mortar and concrete samples were determined using methods that meet current national standards.
To assess the possibility of cement hydration reactions in the presence of carbonate additives, thermodynamic
calculations were used with an assessment of their possibility by the values of their Gibbs free energy. As a result
of the research, new scientific results were obtained. The possibility of reducing the permeability of concrete and
Portland cement-based mortars for chloride ions due to the targeted structuring of cement stone in the presence
of carbonate additives was theoretically substantiated and experimentally confirmed. The concept of the features
of the processes of structuring cement stone with carbonate additives of various genesis, consisting in the
targeted formation of crystal hydrates of anisometric morphology, was further developed. It has been established
for the first time that a layer of calcium hydrosilicate is formed at the boundary of spherical chalk particles due to
the pozzolanic reaction, from which calcium hydrocarboaluminate crystals grow from the periphery to the center.
It has been established for the first time that the introduction of carbonate additives leads to the formation of
calcium hydrocarboaluminates in cement stone, capable of binding chloride ions due to the reaction of
substitution of carbonate ions. It has been established for the first time that the introduction of carbonate



additives ensures the formation of an additional amount of crystal hydrates (calcium hydrocarboaluminates) with a
positive surface charge, the capillary walls of which prevent the diffusion of chlorine anions due to electrocapillary
pressure. The practical significance of the results obtained lies in the development of compositions of concretes
and solutions based on Portland cement, resistant to the penetration of chloride ions.
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