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1. ®i3uko-ximiuHi i TEXHOJIOTIYHI OCHOBU CTBOPEHHS NOKPUTTIB 151 3aXUCTY Bifl i0OHiI3yI040ro BUIIPOMIHIOBaHHS Ha

OCHOBi HAHOMO/IM(DIKOBAHUX TIICOTIMHO3EMUCTUX [IEMEHTIB

2. Chemical and Technological Fundamentals of Creating Protection Coatings against Ionizing Radiation Based on
Nanomodified Gypso-Alumina Cement

Pedepar/anoTanis:

1. Inceprarist Ha 30O6GYTTSI HAYKOBOTO CTYIIEHS LOKTOpa TEXHIYHUX HayK 3a crenianpHicTio 05.23.05 «ByziBesnbHi
Marepianu Ta BUpoou». — YKpaiHChKUM Jlep>KaBHUI YHIBEpCUTET HAayKu i TEXHOJIOTiH, MiHicTepcTBO OCBiTH i HAyKU
Ykpainn, JIninpo, 2025. lucepraiiiiHa po60Ta IpUCBsSYeHa PO3pO6IIeHHIO TEOPETUYHUX MOJIOKEHD ITOKPalleHHS
CIIeLiaJIbHUX BJIACTUBOCTEN PO3YMHIB HA OCHOBI HAHOMOIN(IKOBAHNX KOMIIO3UIITHUX B'SDKYYUX PEYOBUH CUCTEMU
CAO-AI203-S03, crabinizarii eTrpuHriToBoi (a3u Ta TexHOOTil BBeZIeHHSI HAHOI00aBOK. Po3po6IieHi crierianbHi
PEHTI€HO3axUCHI pO3YMHU Ha OCHOBI BSDKy4nx peyoBuH cuctemu CaO-Al203-SO3-H20 niis 3aXxuCHUX [TOKPUTTIB
17151 OOJIMLIIOBAHHS ITPUMIILIEHb 3 i0Hi3yI0YMM BUITPOMIHIOBAHHSIM, 1O 32 PaXyHOK BMiCTy €TPUHIITY Ta MoaudiKarii
cynbdaTHUX i CyabpoanoMiHaTHUX (a3 ByIJIel,eBUMN HAHOTPYOKaMU MaloThb Ha 1-1,5 MM MEHIIy TOBIIUHY

3axuCHOro mapy. TeopeTnyHO OOIPyHTOBAHA riroTe3a 3a1eXXHOCTI BisibHOI eHeprii ['i66ca Big, criBBifHOMEHHS



MoseKysipHUX Mac okeugis (AG=f(mCaO /nAl203, x[I>x/mob) B MiHepanax cuctemu CaO - Al203. Ile
CIIiBBiHOLIIEHHS MTPOTIOHYEThCS No3HaYnTH KoediienTom KC/A (K=mC /nA), 1110 a€ MOXKJINBICTb PO3TAIlyBaTH
MiHepasiy CUCTEMU B HaCTynHOMY nopsaky: CA2=0,27; CA - 0,54, C12A7 - 0,8, C3A - 1,63 3 BifnoBigHOW0
nosepxHeBolo eHeprieto (AG): CA2 - 24,70; CA- 51,86; C12A7 - 141,00, C3A - 145 Ta B 10aJIbIIOMY BUKOPUCTOBYBATU
KoeddilieHTH Ipu JOCiIKeHHi 6araTOKOMIIOHEHTHUX cucTeM. KIIlo4oBi c10Ba: pO34uH, B'SKy4e, €TPUHIIT,
cTabisnizallis eTPUHIITY, aJIlOMiHaTHI [IeMEeHTH, CYJIb(OanoMiHaTHI LIeMeHTH, HaHOI00aBK1, HAHOMOZM(DiKOBaHi,

BYFJIe[LeBi HaHOTPY6KI/I, KOMIIO3HUT.

2. Dissertation for the degree of Doctor of Technical Sciences in specialty 05.23.05 - Building Materials and
Products. - Ukrainian State University of Science and Technology, Ministry of Education and Science of Ukraine,
Dnipro, 2025. The dissertation is devoted to the development of theoretical principles for improving the special
properties of mortars based on nanomodified composite binders of the CaO-AlnOn-SOn system, stabilization of the
ettringite phase, and the technology of introducing nanoadmixtures. A methodology was developed for conducting
theoretical and experimental studies of hydration processes of nanomodified binders based on compositions of
aluminate and sulfate components. The hypothesis under study concerns the effect of Gibbs free energy on the
formation of minerals in the composite binder system, the essence of which lies in determining the influence of
u=f(C/A). For this, a method of determining mineralogical composition changes over time was applied. For the first
time, theoretical principles were formulated and experimentally confirmed regarding the stabilization mechanism
of the ettringite phase through the introduction of functional nanotubes with diameters of 5-25 nm. The
mechanism involves doping and nano-reinforcement of the ettringite phase structure, ensuring its stability during
service. Principles were developed for dispersion and improved stability of mortars using carbon nanotubes
through ultrasonic treatment at a frequency of 15-20 kHz, followed by mixing with mixing water, which made it
possible to create a modification technology for building mortars. For the first time, a theoretical model of the
hydration process of mineral binders with the use of ultra- and nanoadmixtures and surfactants was proposed.

The model represents a three-phase system - binder o mortar o stone - divided by two boundaries: (1) the interface
between structural elements and the dispersed medium, and (2) the interface between the dispersed medium and
the hardened structure. The strongest framework is formed by controlling these parameters, influencing the initial
spatial structure. Special radiation-shielding mortars were developed based on binders of the CaO-AlnOo-SOo-HoO
system for protective coatings of premises exposed to ionizing radiation. Due to the ettringite content and
modification of sulfate and sulfoaluminate phases with carbon nanotubes (CNTs, specific surface area 80-120
m?/g), they contain increased amounts of chemically bound water (up to 42%), which makes it possible to reduce
the equivalent thickness (14.6 mm) of the radiation-protective layer by 1-1.5mm through decreasing the linear
expansion coefficient and increasing the gamma-ray scattering coefficient by 30-40%, as well as raising the linear
attenuation coefficient of ionizing radiation by 0.008-0.009 cmuo!, up to 0.364 cmn'. The optimal mortar composition
for X-ray shielding was designed: alumina cement G-40: gypsum G5: barium concentrate KB-3 = 1:2.5:1.6, with Sika
plasticizer at 0.8% of binder mass. Mineralogical composition and main properties were determined. The
hypothesis on the dependence of Gibbs free energy on the molar mass ratio of oxides (AG=f(mCaO /nAlnOo), kJ /mol)
in CaO-AlnOn system minerals was theoretically justified. This ratio, proposed as the KC /A coefficient (K=mC/nA),
allows ordering the system minerals: CAo=0.27; CA=0.54; CooAo=0.8; CoA=1.63, with corresponding surface energies
(AG): CAn - 24.70; CA - 51.86; ConAn - 141.00; CoA - 145. These coefficients can be used in studying multicomponent
systems. The influence of Gibbs surface energy on the sequence of hydrate compound formation during hydration
of alumina cement minerals was theoretically and experimentally confirmed: CA2 - 24.70, CA - 51.86, C12A7 -
141.00, C3A - 145 in the CaO-Al203-H20 system: C2AHS8, C4AH13, C4AH10, CAH10, Al(OH)3. It makes it possible to
determine stable hydrate compounds and structures in multicomponent systems that affect recrystallization. The
theoretical provisions concerning AG influence during hydration of alumina cements in the presence of gypsum
(Ca0-AI203-S03-H20 system) received their further development. This reaction system can be divided into two
parts: a) CaO-Al203-H20, yielding C3AH6, CAH10, C2AH8, C4AH13, Al(OH)3; and b) CaO-Al203-SO3-H20, yielding
AFt and AFm phases. As a result, it is possible to determine the tendency of hydrates to interact with other
compounds and create conditions for recrystallization of hardened stone. Keywords: binder, solution, ettringite,



ettringite stabilization, aluminate cements, sulfoaluminate cements, nanoadditives, nanomodified, carbon
nanotubes, composite.
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