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TPAaHCIIOPTHUX CIIOPY/,

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

Pedepar:

1. O6’exT mocmifxeHHs — nmpouecy (GOPMyBaHHS CTPYKTYPH MOPTIAHILEMEHTHOIO KAMEHIO, PO3YMHY Ta OETOHY 3
KapOOHAaTHUMMU J06aBKaMU Ta MEXaHi3M 3B’13yBaHHSI XJIOPU/-iOHIB, 1[0 TPOHUKAIOTh B KOHCTPYKLii criopyz, 3
OTOYYIO4Or0O CepenoBrIA. METO NOCTIIKEHHS € BCTAHOBJIEHHS 3aKOHOMIPHOCTEN CTPYKTYPOYTBOPEHHS
LJEMEHTHOI'O KaMEHIO 3HM>KE€HOI IIPOHUKHOCTI 1J1s1 XJIOPU]-iOHIB 32 paXyHOK BBE[I€HHSI KAPOOHATHUX J06ABOK,

PO3pO06IEeHHS CKIIAiB OETOHY Ta PO3YMHY I TPAHCIIOPTHUX CIIOPY. MeToau AOCTiI)KeHHS — B



€KCIIEPMMEHTAJIBHUX JOCIII)KEHHSIX BUKOPUCTAHO CY4aCHI MeTony (isMKO-XiMiUHOIO aHali3y: BU3HAYEHHS
MATOMOI NTOBEPXHi MiHEepasbHUX J0OABOK i IIEMEHTIB — aBTOMAaTUYHUM npusiaf bieliHa; BU3HAYeHHS MiJIbHOCTI
KOMIIOHEHTIB - razoBuii nniknometp Ultrapyc 5000; nocifskeHHs npoleciB rigpaTalii BSDKyYnx pe4yoBUH —
KaJIOpDUMETP TEIJIOTHU Tifparauii; JOCHiI)KeHHS MaKpO- i MIKDOCTPYKTYpHU LOCIIIPKyBaHUX MaTepiaiB —
CTEPEOCKOMNIYHUN ONTUYHUIN MIKPOCKOIIL; €JIEKTPOHHO-MIKPOCKOITIYHUI aHaJli3 — CKaHYIO4YNii €JIEKTPOHHUN
mikpockon Hitachi TM3000 3 Hacankoto EDS-Bruker 1151 BU3Hau€HHs €71IeMEHTHOTO CKJIaJly; BU3HAYeHHS IJIMOMHU
IIPOHMKHEHHS XJIOPUJL-iOHIB — KOJIOPUMETPUYHUI MeToZ, [y NOCiI)KeHHs BIUIUBY arpeCMBHUX CEPENOBULL, 1110
MiCTSITh XJIOPU/I-iOHU Ta CITiJIbHOTO BILIMBY PiJKOTO CEPENOBUILA i €IEKTPUYHOTO 0JIs1 6yJI0 pO3pO6IEHO
OpUTiHaJIbHI METONVKU Ta YCTAaHOBKU. Pi3MKO-MeXaHiqHi BJIACTUBOCTI 3pa3KiB LIeMEHTHO-TIIIIIAHOTO PO3YUHY Ta
0eTOHYy BU3HAYaJIMCS 32 METOAMKAMHU, L0 BiATIOBINAIOTh Ail0YMM HalliOHaJIbHUM CTaHJapTaM. JI7isl OLliHKU
MOXJIMBOCTI ITPOTiKaHHS peaklill rigparatlii HeMeHTy B IPUCYTHOCTI KAPOOHATHUX 106ABOK 3aCTOCOBAHO
TE€PMOJIMHAMIUHI PO3PaXyHKHU 3 OLIHKOIO MOXKJIMBOCTI IIPOTiKaHHS BeJIMYMHAMU iX BisibHOI eHeprii ['i66ca. B
Pe3yJbTaTi JOCiIyKeHb OTPMMaHO HOBi HayKOBi pe3ysbTaTy. TeopeTHYHO OOIPYHTOBAHO i €KCIIEPUMEHTAJILHO
HiATBEP’KEHO MOXKJIUBICTb 3HUKEHHSI IPOHUKHOCTI J1s1 XJIOPUI-i0OHIB 6€TOHIB i PO34MHIB Ha OCHOBI
[OPTJIAHJILIEMEHTY 332 PaXyHOK HaIlPaBJIEHOTO CTPYKTYPOYTBOPEHHS IEMEHTHOTO KAMEHIO B [IPUCYTHOCTI
KapOOHATHUX [106aBOK. Habysu 1ofanbuioro po3BUTKY ySIBIEHHS IIPO 0COOJIMBOCTI IPOLIECIB CTPYKTYPOYTBOPEHHS
LJEMEHTHOT'O KaMEHIO 3 KAPOOHAaTHUMMU [06aBKaMU Pi3HOI'O Fe€HEe3UCY, 110 NOJISITAloTh Y CIPSIMOBaHOMY (OPMYBaHHI
KPUCTAJIOTifpaTiB aHi30MEeTPUYHOI MOp@oJIorii. Bnepiue BCTaHOBJIEHO, 10 Ha rpaHulli cGepUYHUX YaCTUHOK
Kpeiay 3a paxyHOK IyLI0JIaHOBOI peakKllii yTBOPIOEThCS 1ap rigpocuiKaTiB Kasblilo, Bil SIKOro Bif nepudepii 1o
LIEHTPY 3pOCTAOTh KPUCTAJU ripoKapboasoMiHaTiB Kasbliilo. Briepiie BCTaHOBJIEHO, 1110 BBeLEHHS KapOOHATHUX
I06aBOK IIPU3BOJUTD 10 YTBOPEHHS B LIEeMEHTHOMY KaMeHi rilpokap6oasoMiHaTiB Kasbllilo, Ki 3[aTHi 3B'93yBaTu
XJIOPUZ-i0HY 32 PaXyHOK peakuii 3aMimeHHs1 KapboHaT-ioHiB. Briepiie BCTaHOBJIEHO, 10 BBEIEHHSI KApOOHATHUX
I06aBOK 3abe3redye yTBOPEHHS OATKOBOI KiJIbKOCTI KpUCTaIOrigpaTiB (rigpokapboanioMiHaTIB Kasbliiio) 3
[IO3UTUBHUM II0BEPXHEBUM 3aPsIOM, CTIHKY KaMliJspiB i3 SKMX NepelKoIKaTb Judysii aHiOHIB XJI0py 32 paxyHOK
€JIEKTPOKAIIJIIPHOTO TUCKY. [IpakTH4He 3HaYEHHSI OTPUMaHUX PE3YJIbTATIB I10JIra€e y po3pooLli CKIaziB 6ETOHIB Ta

PO34MHIB Ha OCHOBI [NIOPTJIAHJLIEMEHTY CTIMKUX 10 IPOHUKHEHHS XJIOPU-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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