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ABSTRACT

lvashchyshyid. S. Low-carbon blended cements and modified concrete and buildin
mortars on theibasis On rights ¢ the manuscript.

PhD thesis (Doctor ofPhilosophy) in Engineering sciences by specidlt® 2 .
Construction and cli Architectueenagd @oestructiomy.gLvivo
Polytefmhnic National Uni ver si tUkraineMiviv s |
20109.

The dissertation is deved to solvinghe problem of obtaining eeefficient concretes
and mortars due to the development of-lmavbon cements, which are obtained by blending
Ordinary Portland cement (CEM 1) with active mineral additiviegasious types related to
supplementargementitious materials (SCMs). The advantages of such cement systems

the high level of energy saving and the low &missions of cement production combined
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with the high durability of concrete on their basichas been shown that the combined
pozzdanic additives thanks to optimizing the material and particle size distrilbediobe a
dedicated component in the production of efficient concretes or mortars. They can be dire
blended with CEM | in the conde mixer or be part of factory blendedngent. It is noted
that during the pozzolanic reaction between Faghvity superzeolite and micro silica, lew
calcium fly ash with calcium hydroxide stimulate the processes of formation the hydrati
phases in théntergranular space and the compactiérthe microstructure of the cement
matrix. It and combination with additives of plasticizing andexntering action provides the
technical&technological effect and eegonomic efficiency.

The topicality of developg low-carbon blended cements and maadifconcretes and
mortars based on them is consistent with the worldwide concept of Sustaina
Development, the vector of movement of which is the rational use and economy of mate
and energy resources. The deyehent of such binders allows to creptegressive models
of rational use of natural raw materials, fuel, electricityize production wastes and reduce
greenhouse gas emissions. This approach addresses a number of important environm
economic andocial issues.

An analyticalreview of the literature is made, and it is shdhett the realization of the
concept of low carbon development in the cement and concrete sector is mainly achieve
improving the production process and reducing the clifdaor of cement. Energy sags
in Portland cement clinker production technology are realiz by 90 % through the transit
from wet to dry production. So, the next step is to developdamson cements through
increased use of supplementary cementitioustemals and application of rdern
equipmentlt is noted that the main components of cement are characterized by differt
coefficients of grindability, so it is recommended to carry out separate grindingin tl
production of multicomponent cements. Thehi@ves an effectivparticle distribution for
each component of multicomponent cements.

The directions of supplementary cementitious materials using for reducing clink

intensity are analyzed. In the countries of the European Union, SCMs is most aféeh ad
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during cement pmruction with compatible or separate grinding. In this way is control the
level of substitution of the Portland cement clinker and the component composition
cement by regulatory documents (EN 197EN 413). However, the experienddlze USA,
where only5 types of cement with a regulatory ratio of components (ASTM C150, ASTN
C595) are made, and SCMs are added directly during the manufacture of concrete or m
IS gaining popularity. At the same time, the production of orgamerd additives (OMA)
onthe basis of local supplementary cementitious materials is being developed, which all
to reduce the costs of CEM | and to ensure the design properties of finished composite
particular, these OMASs include PozzoSlag (USA), whgcbbtained on the i8& of fly ash
and ground granul ated bl ast fur naciebased a
on natural zeolite and GGBFS. However, the cement industry is already experiencin
shortage of slag, so it is important to loféd new combinationsof supplementary
cementitious materials to reduce the specific consumption of Portland cement clinkel
concrete and mortar.

Analysis of data in the field of chemistry and technology of cements and concretes
well as the known padtns of formation odrtificial stone structure with the given properties
allows to hypothesize the feasibility of developing {oarbon blended cements, obtained
by separate grinding and rational design of granulometric and substance composition
combhned pozzolanic addites (CPA).The combination CPA with additives of plasticizing
and airentering action provides create the possibility of obtaining cliekierient
modifided concretes and mortars with the a given design class of compressive stren
design quality propées, improved performance properties.

Results of research of supplementary cementitious materials' influence on struct
formation and physical and mechanical properties of-davbon blended cements are
presented. The particle sidestributions analyis of the output materials revealed that the
content of reactive particles smaller tharkb®for the GGBFS and fly ash (36.19 and 22.13
%) were significantly lower compared to CEM | 42,5 R (43.41 %), superzeolite (48.86 ¢

and micro 8ica (100.00 %). Ths causes insufficiently high coefficients of surface activity,
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which determines the deceleration of the kinetics of the increase in the strength of the cer
with the content of low active SCMs.

Experimental studies have shown thatr@asing the dispesi of graund granulated
blast furnace slag allows to increase the content of reactive patrticles, which is confirmec
an increase the strength activity index (SAIl) of GGBFS by 35 % after 28 days of curir
However, it is note that imeasing the dispersioof SCMs significantly affects their physical
properties, namely, leads to a decrease bleeding and increase water demand.

Studies according to EN 450: 2009 shows that the pozzolanic activity (PSAI) for higf
dispersed micro silica dnsuperzeolite addites is equal to 1.28 and 1.09 after 90 days of
curing. According to the ¢norma wloska
(Rs 00.5MPa, RO 2. 5 MP-pogzolanic palsté (ind® = 1: 3) were determined for
micro silica (Rs = 4.6 MPa, R;= 9.5 MPa) and superzeolite{R 3.2MPa, Rs= 7.9 MPa)
after 28 days of curing. It allows them to be attributed to highly activeopmzz. At the
same time, for fly ash PSAl is 0.80 due to the low amount of reactive fractioh @ 0 O m
and accordingto nor ma wl oskae the FA does not
(Rs=0.6MPa, Rs = 1.8 MPa). It is conclud that the presence langenber of coarse,
spherical particlesin in the composition of fly ash allows it to perform the role of microfille
withpl asti ci zing action (c¢cbhall bearing ef

The analysis of the functions surfaces of water demand, bleeding and pozzole
activity alows to determine the optimal compositions of the combined pozzolanic additiv
CPA-02 (FAT1 SZ) and CPAO3 (FAT SZi MS) with WD=31,5 % and WD=33,0 %;
Kvo=13,5 % and k.,=6,4 %. At the same time indicatorspmizzolanic activity are PSAd
=94 %, PSAd = 126% and PSAds = 99 %, PSAJy = 134 % respectively.

It is theoretically substantiated and experimentally confirnieel possibility of
obtaining lowcarbon blended cements type CEM IV / B by optimizing the material an
particle size distribution of mwclinker components with different dispersion of the
combined pozzolanic additive, taking into account the peculiariethe particle size

distribution and their surface energies. The results of DTA and RFA confirm that the act
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SIO; of superzeolités more reactive than Sy@f other pozzolanic additives, so the reaction
with Ca(OH) is active in the early and latene of hardening. This leads to the formation of
an additional amount of -&-H-gel and contributes to the increase of relative voluime o
hydrated products in the intergranular space.

Thus, optimized formulations of combined pozzolanic additives and blerstednts
grf wv/ B on their basis become a ration
efficiency of cement production. Thstrategy of such development implies that the
combination of SCMs pozzolanic action of different dispersion based enzeatite, micro
silica and fly ash, reduces G@missions and conserves material resources. This approa
also involves optimizationfghysical and mechanical properties. In the production of low
carbon blended cements significant savings of fuel andjgnesources while reducing GO
emissions are ensured. At the same time, their early strength is lower than CEM |, theref
to fully evaluate the effectiveness of the developed cements, the study of the effec
modifiers on the kinetics of the strehghcreasing of concrete based on them.

The compositionsf modified concretes and mortars have been developed on the ba
of low-carlon blended cements and their construction and technical properties have b
investigated. It was found that tlaedition of superplasticizer to the composition of fine
grained concrete based on lo@arbon blended cement provides the technological effec
oN= 94 % without reducing the compafter2si
7 and 28 days, respeatily, is 31, 19 and 24 % duetothewatee duci ng ef f
20%). The ecological effect of blended cement CEM IV / B is 47 % due t@thetion of
CO; emission from 865 kg per tonne of cement (CEM I, clinker facta®5) to 456 kg per
tonne of cenent (clinker factoi 0.50).

It is established that the use of the combined pozzolanic additiveO3HA the
composition of finegrained conete instead of 50 % Portland cement CEM | with adding
PCE in the amount of 1.50 % allows to obtain higher stremgluesy 16.5 % after 28ays
of hardening compared to the concrete based on CEM | 42,5 R without supplement

cementitious materials.
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The implementation of the principles of creation modified concretes based on lo
carbon blended cements allows obtain a complex of qualitatively new indicators
(workability, reduced heat of hydration, increased corrosion resistance, weather
resistancgetc.), providing technological, technical, economic and environmental effect
Clinker-efficient concretes badeon CEM IV/B 32,5R are characterized by reduced water
permeability (W10) and increased frost resistance (F150), which determines the rise
durability of structures, their decrease the cost at all stages of the life cycle. A signific
reduction in thespecific consumption of clinker per unit strengt?.9 kg/(mfiMPa) and the
CO; intensity of clinkerefficient concrete is 2.6g CO/(m°iMPa).

The efficiency of obtaining sefompacting concretes (C: FA: CA=1:1,27: 1,69, W/C
= 0.30) on the basis abw-carbon CEM IV/B 32.5 R cement with a consumption of 525 kg
perm? of concrete (clinker intensity 262.5 kg £ wf concrete) and was confirgieDue to
the optimized patrticle size distribution of lezarbon blended cement and rationally selectec
modifiers the stability of the manufacturability indicators and the absence of the segregat
phenomenon are ensured. High strength indicators weeginafter 2; 7 and 28 days of
hardening the compressive strength were 19.5; 44.6 andViF&a4 respectively, whh
corresponds to the strength class C45/55. Specific consumption of clinker per unit strer
i 3.4 kg/(miMPa); the CQ intensity of the sélcompacting concrete is 2.9 kg of
COJ/(miiMPa).

The design of building mortars compositions based ordassonblended cement for
mortars MC 22,5X by the method of mathematical planning of the experiment is carried c
It is established that the optimwuntent of cement is 390 kg per £ ofi sand and the flow
rate of the complex chemical additive plasticizing amentering actiori 0.11 %, in which
the high workability of the system is ensured and the required class of strength M10(
obtained. Thehigh functionality of building mortars on the basis of loarbon blended
cement is also determined by the shiédf of the mortar within the required limits while
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ensuring full compliance with the performance requirements for building masonry morta
In addition, such mortars are characterized by reduce the efflorescence formation.

The industrial release of therobined pozzolanic additve CP&A3 at fdAFer
andlowcar bon bl ended cement f or -1242004 & PISC NV
Al v-&arabi vsk Cement o and the production o
ABUDSPORTO LLC andbybuiVES TRBE TnbNBUaDros L L
developed binders are presented.

Keywords: low-carbon blended cement, supplementary cementitious material
superzeolite, combined pozzolanic additive, pozzolanic activity, strength activity inde

clinker-efficient concete, specific cement consumption per unit strength, i@@énsity.
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“JATBERIDKYIO”

AKT

PO BUITYCK JOCIITHOT MapTii KOMIUIEKCHOT My110JIaHOBOT JOOaBKH Ha OCHOBI
LIeMeHTO3aMILIyI0YUX MaTepiaiiB 3 MyLOJaHIYHUMU BIaCTUBOCTSIMH

Hamu, mnpeacraBuukamu T30B  «®epo3ity  TeXHIYHMM  JIHPEKTOPOM
Xitoro  C.I.,, HavanpbHMKOM  JociigHO-TexHonoriunoi  naboparopii  CBC
bacanuroro B.M., ronosuum texnomorom CBC k.1.H. MenbHukom A.S. Ta
npeactaBHukaMu HauionansHoro yHiBepeutety “JIpBiBChbKa momiTexHika” [.T.H.,
npodecopom Canunbkum  M.A., K.T.H., gomeHtoM Kpommsuuubkoo T.I1.,
acripantom IBammumunn I'.C. cknageHo naHuil akt B ToMy, o B Tpati 2019 p. Ha
T30B «®epo3iT» npoBeAeHO BUIYCK NOCTiAHOI MapTii KOMIUIEKCHOI My110JaHOBOI
nobasku (KITJI) Ha ocHOBI leMeHTO3aMIlIyIOYMX MarepiagiB 3 MyLOJaHIYHUMH
BrnactuBocTaMHU 3rigno 3 JJCTY b B.2.7-128:2006 B xinskocTti 50 TOHH.

Jlist BUTOTOBIIEHHSI [My1I0JIAHOBOT JIOOABKM BUKOPHCTAHO 30J1y-BHHECEHHS
(60 %) byputuneskoi TEC, neonitoBuii Ty (30 %) COKUPHUILKOrO pOJOBUIIA Ta
mikpokpemueseM (10 %) TtoproBoi mapku Elkem Microsilica Grade 940-U. Jlns
BU3HAYEHHs! XIMIYHOTO CKJaay aKTHBHUX MiHEpaIbHHX JI00ABOK BUKOPHUCTOBYBABCS
pentreHo-dnyopecueHTHuil cnekrpomerp Ty ARL 9800 XP. Ximiunuii cknan
MiHepabHUX 100aBOK HaBeeHUH B Tab. 1.

Tabnuus 1
XiMIuHUMH CKiaa MiHepalbHUX 100aBOK
MinepaibHi BwmicT okenais. Mac.%
1006aBKH CaO | SiO2 | ALOs | Fe20; | MgO | K20 | NaxO | SO3

30J1a-BUHECCHHSI 223 55,18 24,21 | 12,17 2,01 | 2,57 | 0,61 | 1,02
Leonitopuii Ty 1,62 |76892112,95| 3,95 | 0,18 | 3,68 0,53 | 0,16
Mikpokpemuesem | 0.85 194,70 0,38 1225 |0,74 |- - -

Di3uKo-MexaHiuHI BHIPOOYBaHHS BHIOTOBIEHOI KOMIIEKCHOT MyLOJaHOBOI
no6asku mposesieHo 3rigo 3 JCTY b B.2.7-100: 2000 (ra6n. 2). Iloka3HukH
nyuosianoBoi aktuBHOCTI KIT/I BusHaveno 3rigno 3 EN 450-1: 2009 sk BigHOLIEHHS
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