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Abstract. Comparative microanalysis and elemental analysis of the structure of chips of concrete
composites of different strength from compressive structures were used. Analysis of the microstructure
of concrete chips was performed using a scanning electron microscope from Oxford SU 70 using a
CCD detector. Elemental analysis of objects was performed using energy-dispersive X-wave
spectroscopy (EDC analysis). The method of energy-dispersive X-wave spectroscopy is used. The
character of opening of cracks of concrete samples in the course of their destruction is analyzed. From
the data of X-ray and spectral analysis it follows that in a series of samples of strength of 120 MPa in
the process of hydration of clinker minerals during hardening of concrete a number of chemically
active substances is formed. These are primarily potassium oxide hydrate, calcium silicate hydrate
(HSC) and structural gel models such as Janite and Tobermorite. Modification of the concrete
composite with a complex of MK and MTK create conditions for the conversion of unstable and
soluble calcium hydroxide into a strong crystalline hydrate of calcium silicate.

The structure of concrete compacted in this form gives a significant increase in strength. The
influence of ultrafine modifiers on the microstructure of cement stone formed during the operation
of the structure and the strength of concrete are determined. The results of the scanning electron
microscopy analysis show that the phase sizes differ slightly, but are not larger than =20 pum.
Characteristic destruction of the sample with a strength of 120 MPa occurred in the main cracks,
which develop due to the greater number of phases in contrast to the nature of the destruction of the
sample with a strength of 50 MPa, which broke mainly on one structure. The complex of modifiers
based on microsilica and metakaolin in the concrete mixture creates conditions for the conversion of
unstable and soluble calcium hydroxide into a strong crystalline hydrate of calcium silicate. When
using cement with a low content of C3S less than =50% significantly complicates the production of
high-strength concretes, in particular when using silica and metakaolin, because the effectiveness of
these additives implies the presence of excess portlandite Ca (OH), in the curing system, while
systems with low C3S content is characterized by a reduced content of Ca (OH)s,.

Keywords: concrete, compressive structures, ultrafine modifiers, energy-dispersion x-wave
analysis, scanning electron microscopy.

Introduction. The implementation of a complex of physicochemical methods for diagnosing the
state of the structure of concrete composites in structures is an urgent task today. Since the new
approach to the chemical modification of the commercial concrete mixture poses the problems of
substantiating the cause-and-effect relationships of structure formation and quality control of the raw
material, which is a necessary condition for obtaining high-strength concrete.

The development of ways to reduce structural defects and limit the deformable properties of
concrete becomes an important task for both research and engineering practice. In particular, this is

Modern construction and architecture, 2022, no. 2, page 70-76


mailto:o.sumariuk@chnu.edu.ua
mailto:yu.sobko@chnu.edu.ua
mailto:Chernenko.kv@knuba.edu.ua

BUILDING MATERIALS AND TECHNIQUES

relevant for high-strength concrete composites, for which the filling density at the micro- and
nanostructural level is an important characteristic. Among the technological factors that affect the
formation of a concrete matrix of high structural strength and density is the modification of the
concrete composite with a complex of finely dispersed modifiers based on amorphous condensed silica
with a specific surface area of <250 m%g [1]. Highly active pozzolans lead to a decrease in porosity
and Ca(OH), content, which, in turn, affects the generation of calcium hydrosilicates [2].

The paper analyzes data from scanning electron microscopy [3] of chips of concrete
composites of different component composition and strength, which was determined
experimentally. Energy dispersive X-wave spectroscopy was used to determine the elemental
composition of the formed fracture phases.

Analysis of recent research and publications. The experience of international research [4-10]
indicates that the structure of high-strength concrete is formed mainly from low-base calcium
hydrosilicates (CSH-1) and such structural models of cement gel as Jenite and Tobermorite.
However, there are a number of factors that can affect the physical and mechanical properties of
concrete. First of all, these are microcracks caused by autogenous shrinkage [11-15], which
significantly reduces the resistance of concrete to aggressive environments, and defects in the
interphase transition zone between the cement matrix and large aggregate aggregates [16].

The purpose of the work is to substantiate the cause-and-effect relationships of the processes of
concrete stone structure formation and their influence on strength indicators for physical and mechanical
tests. For this purpose, two experimental recipes of concrete mixture from structures were selected.

Research materials and methods. To compare the structure, samples with a compressive
strength of 50 MPa (sample #1) and 120 MPa (sample #2) were selected, which was modified with
a complex of finely dispersed modifiers based on microsilica (MC) and metakaolin (MTK).

Analysis of the features of the microstructure of concrete chips was carried out using a
scanning electron microscope of the Oxford SU 70 company using a CCD detector. Elemental
analysis of objects was carried out using energy dispersive X-wave spectroscopy (EDX analysis).

A high vacuum (10-7 mBar) was created in the microscope chamber to eliminate the
interaction of electrons with air molecules. To eliminate impurities and create a vacuum, the
chamber was additionally equipped with a vessel cooled by liquid nitrogen, designed to condense
impurities and cool the X-wave radiation spectrum analysis detector.

Physical and mechanical tests of concrete samples were carried out in accordance with current
normative documents DBN B.2.7-64, DBN B.2.7-65, DBN B.2.7-69, DSTU B B.2.7-96, DSTU B
B.2.7-114. The determination of compressive strength was carried out on a P250 hydraulic press,
the loading of the samples was carried out continuously at a speed that ensures an increase in the
calculated stress in the sample until its complete destruction within (0.6 £0.4) MPa/s.

Research results. The microstructure of the concrete composite plays a decisive role in the
formation of the mechanical properties of the concrete composite. With high stress gradients that occur
in reinforced concrete structures, thermal shocks, freezing of water, the homogeneity, dispersion and
phase composition of the cement matrix affects the development and character of deformations.

From the scanning electron microscopy data in Fig. 1 and energy dispersive X-wave
spectroscopy Fig. 2. the list and relative content of elements characterizing the phase composition of
the fracture surface of sample No. 1 was determined. The list of elements in Table 1 and their
percentage content indicates the presence in the concrete matrix of fractured calcite CaCOs, which was
formed as a result of the reaction of calcium oxide with atmospheric carbon dioxide in the presence of
moisture and has a spherical structure with low adhesion and cohesion to cement stone. High
concentrations of calcite on the fracture surfaces are present due to the fact that the fracture of the
concrete structure mainly occurs in areas of lower strength, in which such a phase is present, which is
confirmed by EDH analysis data. From the results of EDH spectroscopy, it can be assumed that the
greater the dispersion of the phase components of calcite, the higher the concentration of aluminum
atoms and the lower the concentration of silicon atoms.
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Fig. 1. Electronic raster images of the surface of concrete fractures from structures of sample No. 1
of various scales
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Fig. 2. Elemental map of concrete sample No. 1 according to the results of EDH analysis ()
and the results of energy dispersive X-wave analysis (b)

Table 1 — Elemental composition of broken concrete of sample No. 1

Element ApparenF Wt% Standard Label
Concentration

C 108.28 19.27 C

O 285.15 4450 SiO;

Na 5.13 0.45 Albite
Mg 2.27 0.21 MgO

Al 10.60 0.82 Al,O3

Si 55.79 3.86 SiO,

K 19.90 1.07 KBr
Ca 495.17 29.03 Wollastonite
Fe 10.54 0.79 Fe

In Fig. 3, 5 show fragments of raster electron microscopy images of sample #2. Elemental
analysis in Table 2, which indicates the presence of mainly low- (CaO/SiO,~1.8) and high-basic
(CaO/Si0x2.6) phases of calcium hydrosilicates, as well as unreacted microsilica particles, in the
concrete structure. Compared to sample No. 1, the structure of sample No. 2 is characterized by a
greater number of phases and their heterogeneity. It can be assumed that this is what significantly
increases the compressive strength for sample #2, which is associated with a higher specific surface area
of pozzolan particles, which are able to react faster with Ca(OH),, forming a denser microstructure.
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Fig. 3. Electronic raster images of the fracture surface of concrete from structures of sample No. 2
of various scales

The failure of the concrete sample under a pressure of 120 MPa occurred with the formation of
fractures with a predominant amount of calcium hydroxides, which are denser and stronger than the
structure prevailing in the fractures of samples No. 1, in which the fracture occurred through calcite
with a Mohs hardness of 3. All phases of hydration in the second sample is more evenly distributed,
unlike the first. From the results of the analysis of scanning electron microscopy, it follows that the
sizes of the phases differ slightly, but are not larger than =20 um. The characteristic failure of sample
No. 2 occurred along the main cracks, which develop due to a greater number of phases, in contrast to
the nature of the failure of sample No. 1, the failure of which occurred mainly along one structure.

From the X-ray and spectral analysis data shown in Fig. 4, it follows that in a series of samples
with a strength of 120 MPa, a number of chemically active substances are formed in the process of
hydration of clinker minerals during concrete hardening. These are primarily potassium oxide hydrate,
calcium silicate hydrate (GSK) and such structural gel models as Jenite and Tobermorite. Modification
of the concrete composite with the MK and MTK complex creates conditions for the transformation of
unstable and soluble calcium hydroxide into strong crystalline calcium silicate hydrate. The structure
of concrete compacted in this way gives a significant increase in the strength index.
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Fig. 4. X-ray analysis of concrete (a), and SEM image of the microstructure of a section of the
concrete surface of sample #2 (b)

In addition, when MK is introduced into the liquid phase of the cement dough, a silicon oxide gel
is formed, which subsequently adsorbs free Ca2+ and OH ions with the formation of weakly crystallized
low-basic HSCs. Under limited conditions, low-base HSCs lead to an increase in the number of gel
pores and a decrease in open porosity. Such closed pores prevent the propagation of cracks in the depth
of the solid body, because the stress drops very quickly from high values on the surface of the pore to
low values in its inner parts, that is, small closed pores prevent the process of material destruction.
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Fig. 5. Elemental map of the concrete sample of formulation No. 2 according to the results of EDH
analysis (a) and the results of energy dispersive X-wave analysis (b)

Table 2 — Elemental composition of fracture of the concrete sample of formula #1

Element Apparenfc Wt% Standard Label
Concentration

O 393.92 50.40 SiO;

Na 3.87 0.34 Albite
Mg 3.43 0.31 MgO

Al 19.98 1.52 Al,O3

Si 257.48 17.81 SiO;

S 12.53 0.90 FeS,

K 17.78 1.03 KBr
Ca 439.97 26.75 Wollastonite
Fe 12.70 0.94 Fe

Conclusions: a complex of modifiers based on microsilica and metakaolin in the concrete
mixture create conditions for the transformation of unstable and soluble calcium hydroxide into
strong crystalline calcium silicate hydrate. The concrete structure compacted in this way increases
the strength and durability of reinforced concrete structures. In addition, when MK is introduced
into the liquid phase of the cement dough, a silicon oxide gel is formed, which subsequently
adsorbs free Ca2+ and OH ions with the formation of weakly crystallized low-basic HSCs.
Structural models of cement gel, such as Tobermorite and Jenite, are essentially a complex
nanomaterial consisting of many separate layers of molecules with different properties, which are
formed into a kind of structural composite. Determination of the physical and mechanical properties
of these structures requires a more in-depth study using already existing diagnostic methods.

It should also be noted that the use of cement with a low C3S content of less than =~50%
significantly complicates the production of high-strength concrete, in particular when using silica
and metakaolin, since the effectiveness of the use of these additives requires the presence of excess
portlandite Ca(OH), in the hardening system, while how systems with a low content of C3S are
characterized by a reduced content of Ca(OH)..
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AHAJII3 MIKPOCTPYKTYPH 3JIAMIB BETOHY B KOHCTPYKIIAX,
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Anoranisi. [IpoBesicHO MOPIBHUIBHUN MIKpOaHATI3 Ta €JIEMEHTHHN aHalll3 CTPYKTYpPH CKOJIiB
OCTOHHMX KOMITIO3MTIB Pi3HOI MIITHOCTI 3 KOHCTPYKIIH, SIKi HpAIfOrOTh Ha CTUCK. JIs TOpPiBHSHHSA
CTPYKTypu BHOpaHO 3pa3ku 13 MminHicTio Ha ctuck 50 MIla, ta 120 MIla skuit moaudikoBaHO
KOMIUIEKCOM JIpiOHOIMCTIepCHIX MoH(DikaTopiB Ha OCHOBI Mikpokpemuesemy (MK) ta merakaominy
(MTK). Amnaniz oco0iauBOCTEHl MIKPOCTPYKTYpU CKOJIIB OETOHY MPOBOJIWIA 3a JIOTIOMOTOIO
CKaHyI4oro enekTpoHHoro mikpockomna ¢ipmu Oxford SU 70 3 Bukopucranusm CCD-perekropa.
EnemenTHuii aHamiz 00’€KTIB TMPOBOAMBCS 3a JOIMOMOIOI EHEProJAUCIEpCiiHOT  X-XBHUIHOBOT
cunekrpockomii  (E/IX-anamizy). BukopucraHO  MeTOX — €HEProaucrepciiHoi  X-XBHIIbOBOI
cnektpockorii. [IpoaHanizoBaHO XapakTep PO3KPUTTS TPINMH OETOHHMX 3pa3KiB B TIpoIeci iX
pyiiHyBaHHS. 3 JaHUX X-TIPOMEHEBOTO Ta CIEKTPAILHOTO aHaJli3y CIIi/Iye, IO B cepii 3pa3KiB MIIHOCTI
120 MIla B mporeci rigpatamii KJIIHKEpHUX MiHEpaliB MpPU TBEPHAIHHI OETOHY YTBOPIOETHCS Pl
XIMIYHO aKTHBHHUX pedoBHH. Lle B mepury uepry — riipar Kajilo OKHCY, TiIpaT CUIIIKATy KaJbIIifo
(I'CK) Tta Ttaki ctpykrypHi mozenmi remo, sk Jxenit 1 ToGepmopit. MoaudikyBanHs OGETOHHOTO
komro3uty komruiekcom MK i MTK cTBOprOIOTH yMOBH [UIsi NEPETBOPEHHS HECTAOUIBHOTO 1
PO3UMHHOTO T1IPOKCUY KaJIbIIII0 B MIITHUIA KPUCTAIIIYHUH T1APAT CHIIIKATY KaJbIIO.

VYiigpHeHa B IbOMY BHUIJISIII CTPYKTypa OCTOHY Ja€ 3HaYHUN MPUPICT MOKA3HUKA MIIHOCTI.
Bu3HayeHO BIUIMB yNbTPaMCIEPCHUX MOAM(DIKATOPIB Ha YTBOPEHY B MpOLECi eKCIUTyaTarlil
KOHCTPYKLIi MIKPOCTPYKTYPY LIEMEHTHOIO KaMEHIO Ta MIIHICTh O€TOHY. 3 pe3ysbTaTiB aHaji3y
CKaHYIOYOi €JeKTPOHHOI MIKpOCKOMIi ciifye, mo po3Mmipu (a3 Aemo BiAPi3HAIOTHCS, alleé HE €
OourpMMu HIK ~20 MKM. XapakTepHe pyiiHyBaHHs 3pa3ka 3 MinHicTio 120 MIla BigOynocs 1o
MaricTpaJbHUM TpILIUHAM, SKI PO3BHBAIOTHbCA dYepe3 OUIbIly KUIBKICTH (a3 Ha BIAMIHY BiJ
XapakTepy pyWHyBaHb 3paska 3 MirHicTIo 50 MIla, 31am sikoro BiAOYBCsSI MEPEBaKHO IO OJIHIM
cTpykrypi. Kommiekc MoandikatopiB Ha OCHOBI MIKPOKpEMHE3eMYy Ta METaKaoJliHy B OETOHHIH
CYMIIIII CTBOPIOIOTh YMOBH ISl IEPETBOPEHHS HECTAOUIBHOIO Ta PO3YMHHOIO T1APOKCUTY KaJbIIII0
B MIIHUH KpPUCTATIYHUHM TiApaT CHIIKaTy Kaublito. [IpM BHUKOpHUCTaHHS LEMEHTY 3 HU3bKUM
BmicToM C3S MeHmuM 3a ~50% 3HaYHO YCKJIAIHIOE OJIEpP>KaHHS BUCOKOMIIIHMX OETOHIB, 30KpeMa
IpU BUKOPUCTaHHI KpPEMHE3eMy 1 METaKaoJliHy, OCKUIbKM e(QEeKTHBHICTh 3aCTOCYBAaHHS IMX
no0aBoK nependayae HasBHICTh B TBEpAHYYIN cucreMi HajuuiikoBoro nopriaanauty Ca(OH),, B
TOM Yac sSIK CUCTEMH 3 HU3bKUM BMicTOM C3S XapakTepu3yroTbes 3HMkeHnM BMicToM Ca(OH),.

KuarouoBi ciaoBa: 0eToH, KOHCTPYKIIi $KI MpaIiolOTh Ha CTHCK, YJIbTPaJAUCIEPCHI
MO (IKaTOPH, EHEProAUCTIEPCIHHUN X-XBUIIbOBUI aHali3, CKaHylo4Ya eJIeKTPOHHA MIKPOCKOITisL.
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