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Abstract. Sulfate corrosion of concrete is the most common type of corrosion in
Kazakhstan and is a complex physical and chemical process depending on many
factors. Therefore, we studied the processes of cement and concrete corrosion in
sulfate corrosive media. Methods of corrosion resistance assessment were developed
taking into account the basic provisions of the theory of heterogeneous chemical
processes occurring in cement stone or concrete under the action of various aggressive
media. When studying the behavior of cement stone (concrete) in aggressive solutions,
researchers use different criteria to evaluate corrosion resistance. In some cases, the
criterion is based on the comparative change in the chemical composition of cement
stone before and after exposure to aggressive solution, in others - on the change in the
mechanical characteristics of concrete, and thirdly, on the magnitude of their
volumetric deformations. Analysis of the study of the microstructure of cement stone of
three compositions, showed the presence of clusters of elongated tubular crystals in
the form of "needles", which are characteristic of the morphology of ettringite, formed
in the zone of micropore formation. It was found that in the crystals of the modified
cement stone their size decreases from 80 to 110 nm, which is significantly lower than
in the control composition - from 200 to 300 nm and from 100 to 200 nm. Research on
the strength of concrete with micro silica consumption from 10 to 15%, the results of
which showed an accelerated process of hydration.
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F'bIJIBIMI MAKAJIA

AT'PECCHUBTI OPTAJATBI BETOHHDBIH
KOPPO3UAT'A TOIIMIAJIIT'T

K. Akmanaiiyasbl, I'. KomkomoaeBa* ®

CorbaeB Yuusepcuteti, 050013, AnmaTtsl, Kazakctan

AnpaTna. bemonnwviy cynspammul kopposusicel Kazaxcmanoa kopposusanuiy ey
KON mapanean mypi 60.16in maowvliadvl HcaHe KonmezeH gaxmopnapea 6auianvlcmol
Kypoeni  usuxa-xumusnulx npoyecc 6oavin  mabwvinadvl. Conovikman — 0i3
cynbpammol  KOPpOUANLIK — OpMAOaAbl  YeMeHm neH  OemoHHblY — KOppO3us
npoyecmepin 3epmmedix. Kopposzusza mesimoinikmi 6azanay adicmepi apmypiui
azpeccusmi opmanapovly 2CepiHeH yemeHm macma Hemece OemoHOd HCYpemiH
2emepoceHOl XUMUSLIbIK Npoyecmep MeopusiCblHblY He2i3el epedcelepiH ecKkepe
omuipwin dHcacanean. Kopposusanvix epiminodinepoezi yemenm macoiviy (0emoHHbIH)
MIiHe3-KYIKbIH 3epmme)y Ke3inoe 3epmmeyuiiiep Kopposusiza me3imoinikmi basanay
ywin apmypai Kpumepuiiiepoi natioananaosl. Ketibip osicazoatinapoa Kpumepuil
azpeccusmi epimiHOiniy acepine OelliH JicoHe 00aH KeuiH yeMeHm MAaCbIHbIY
XUMUATBIK  KYPAMBIHbIY CATbICIMbIPMANbL  ©32epyiHe, 0acKanapblHOa OemoHHbIH
MEXAHUKANBIK CUNAMMAMANApbiHbly 632epyiHe, YWiHWIOeH, 01apobly KOeaeMOiK
oehopmayusnapeinbly Menuepine HecizoenceH. Yui Kypamowvl yemenm MAacCbIHbIY
MUKDOKYDOLILIMbIH 3epmmey Ke3iHoe HCyp2i3iieeH manoay MUKponopaiaposbly natoa
bony ailmazviHOa natioa Oonameln dSmmpuneum mopgonocusicovina mau "unenep”
mypinoeci y3apmwli2an KyOwipivl KpUcmanioapowvly UWOSbIPIaApbIHblY — OOLYbIH
kepcemmi. Moougurxayusnanean yemeHm macmapoliblly KPUCMALOAPbIHOA 01APObIH
menuepi 80 - 0en 110 nm-ee Oetlin azaamuvitbl AHbIKMALObL, OV OAKbIIAY KYPAMBIHAH
e02yip momen-catikecinue 200-0en 300 um-ee oetiin scane 100-0en 200 nm-ce Oetlin.
Muxpokpemneszem wivi2vinol 10-nan 15% - ea Oetiinei bemonnwiy b6epixmizi OotibiHUA
3epmmeynep HCYp2i3inoi, OHbIY HaMudicenepi SUOPAMAYUSIHLIY HceOenl)emisieeH
npoyecin Kopcemmi.

Tyiiin ce3nep: demon, Kopposusanvlx opma, KOppo3us, cyivgham, mesimoinix,
YemMeHm macwl, MUKPO KPeMHUL OUOKCUOL.
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HAVYYHAA CTATbBA

KOPPO3UOHHASI CTOMKOCTh BETOHA B
AT'PECCUBHBIX CPEJAX

K. Akmanaiiyasbl, I'. KomkombaeBa* ®

CarbaeB YuusepcuteT, 050013, Anmatsl, Kazaxcrtan

AnHotauusi. Cynvgpammnaa  xopposus  Oemoma  Aengemcs — naubosee
pacnpocmpanenHvbiM  uoom Kopposuu 6 Kasaxcmame u npedocmaensem coboil
CHIOJCHBIU  (DUBUKO-XUMUYECKULL Npoyecc, 3aBUCAWUNL Om MHO2UX (DAKmMopos.
Tlosmomy mbl uzyuunu npoyeccovl KOppo3uu yemeHma u OemoHa 6 cyib@amHo-
azpeccusHvix cpeodax. Memoovl oyenKu KOPPOIUOHHOU CMOUKOCMU  OblLIU
Pa3pabomanvl ¢ y4emom OCHOBHbIX NOJIOHCEHUU MeOPUL 2emepO2eHHbIX XUMUYECKUX
npoyeccos, NPomMeKanuwjux 8 YEeMeHMHOM KaMHe Ulu OemoHe Nnoo Oelcmeuem
PA3IUYHBIX azpeccusHulx cped. Illpu uzyuenuu noeeoeHus yYeMeHmHO20 KaAMHsL
(bemona) 6 azpeccuHvIX pACMBOPAX UCCAe008aMeNU UCHONb3YIOM PAa3iudHble
Kpumepuu 011 OYeHKU KOPPOSUOHHOU cmoukocmu. B oonux cayuasx kpumeputi
OCHOBAH HA CPABHUMENLHOM USMEHEHUU XUMUYECKO20 COCMABA YeMEeHMHO20 KaAMHS
00 U nocne 6030€UCmBUs A2PecCUBHO20 pAcmeopd, 6 Opyeux - Ha USMEeHeHUU
MeXaHUyecKux Xapakxmepucmux Oemoua, u, 6-mpemovux, Ha GeIuduHe UX 0ObEeMHbIX
oechopmayuii. Ananus, nposeoeHHbIll NPU U3Y4eHUU MUKPOCMPYKIMYPbL YeMEeHMHO20
KAMH mpex CcOCmasos, NOKA3A]l HAluyue CKONIeHUL YOJIUHEHHbIX mpyouamvlx
Kpucmannos 8 eude "uen", komopule xapakxmeprul 05k MOPPOIO2UU IMMPUHSUMA,
obpaszyrowuxcsa 6 30He 00pazoeanus Mmukponop. bwviio obnapysiceno, umo 6
KPUCMANNAX MOOUDUYUPOBAHHO20 YEMEHMHO20 KAMHS UX pa3mep YMeHbULAemcs ¢
80 00 110 um, yumo 3HaUUMENLHO HUICE, YeM 8 KOHMPObHOM cocmage - ¢ 200 0o 300
Hm u co 100 0o 200 um coomsemcmaenno. Ilposedenvi ucciedo8anus npouHoCmu
bemona ¢ pacxodom muxpokpemuezema om 10 oo 15%, pezyromamsi Komopwvix
HOKA3ANU YCKOPEHHBLU Npoyecc 2UOpamayuiu.

KualoueBble cjioBa: 0OemoH, acpeccugnas cpeoa, Kopposus, cyivgham,
CMOUKOCMb, YeMEHMHBIU KAMEHb, MUKDOKDEMHE3EeM.
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1 INTRODUCTION

In connection with the wide application of concrete and reinforced concrete structures and the
development of new areas in the Republic of Kazakhstan with aggressive external environments
(mineralized soils and groundwater) one of the main tasks of construction is to ensure the durability
of concrete under the action of various external aggressive environments. For this purpose it is
necessary to know not only the essence of corrosion, i.e. the changes that occurred in cement stone
or concrete under the action of aggressive media, but also the speed of these processes.

To estimate the corrosion rate, it is necessary to use specially developed methods taking into
account the main provisions of the theory of heterogeneous chemical processes occurring in cement
stone or concrete under the action of various aggressive media.

Sulfate corrosion of concrete is the most common type of corrosion in Kazakhstan and is a
complex physical and chemical process depending on many factors. Therefore, we studied the
processes of cement and concrete corrosion in sulfate corrosive media. At the same time, the
assessment of corrosion resistance of concrete by a single has an important scientific and practical
significance. It should be noted that in recent years there have been many publications on this issue,
but the results of these studies are not comparable and builders cannot get an unambiguous answer
about the resistance of a particular material.

The variety of research methods leads to the fact that the results of determining the corrosion
resistance of cements are not comparable.

2 LITERATURE REVIEW

A review of the information available in the literature shows that the methods of determining
the sulfate resistance of cements (concretes) can be divided into four groups: the visual method of
assessment, which records changes in the appearance of samples, such as the appearance of cracks
and distortion of the sample (Fedosov S.V., 2003; Sheinfeld A.V., 2014; Brykov A.S., 2014).

This method has significant disadvantages: evaluation of cement durability is subjective and is
not expressed quantitatively. Moreover, the determination of durability based on external signs of
fracture may lead to incorrect results, since concrete fracture often occurs uniformly throughout the
entire volume, without the formation of noticeable cracks, and at the same time the strength of the
specimen is almost zero, its shape may still be well preserved. If the specimens are placed in an
aggressive solution after long storage in water, a protective crust of calcium carbonate is usually
formed on their surface, and then destruction will occur only inside, where there are free lime, not
converted to CaCOs; the external shape of the specimen may remain unchanged (Glass G.K.,
Buenfeld N., 2000; Stroganov V.F., 2014).

Therefore, qualitative visual inspection of the specimens is necessary as an additional way to
confirm the quantitative characteristics obtained by other methods to evaluate the corrosion resistance
of concrete. Some authors (Alekseev S.N., et al., 1990; Rozental N.K., 2006) consider the method
of measuring the deformations of the specimens to be reliable when evaluating the sulfate corrosion
of concrete. The increase in the size of cement-sand and concrete specimens stored for a long time in
an aggressive environment occurs as a result of crystallization of corrosion products - gypsum and
calcium hydrosulfoaluminate, occupying a larger volume than the original substances. In some
countries, the strain method is proposed as a standard method (Pullar-Strecker P., 1988; Bazhenov
Y. M., 2002; Rahman M., et al., 2012) to evaluate the sulfate resistance of cements and concretes.

The main disadvantage of the strain measurement method is that its accuracy depends on the
accuracy of the instrument recording the elongation of the specimens. In addition, it must be taken
into account that the magnitude of expansion does not increase in direct proportion with the rate of
corrosion, but usually increases very rapidly just before the process of concrete decomposition, that
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is, a false impression of well-being is created, which can lead to accident and destruction of buildings
and structures. Therefore, the deformation method as well as the visual method for assessing the
sulphate resistance of cements can be used as a supplementary method.

3 MATERIALS AND METHODS

Recently, various physicochemical methods of corrosion process investigation have become
widespread. This group includes non-destructive methods of control, such as determining the
concentration of hydrogen ions (pH) in the liquid phase of concrete and concrete samples stored in
aggressive liquids or determining the amount of calcium ions transferred into solution from the
samples. These methods are very effective in studying the causes of the nature of corrosion and can
be used, as well as the first two groups of methods as additional to confirm the quantitative
characteristics obtained by the main method.

The most widespread among the accelerated methods for determining sulfate resistance is the
method that determines changes in the strength characteristics of samples stored in aggressive sulfate
media of high concentration (Erofeev V.T., et al., 2020; Mahmoodian, M. & Li, C.Q., 2011).

Neither deformations, nor external signs of deterioration, nor changes in the chemical
composition of cement stone unambiguously determine the condition of concrete structures operating
in aggressive environments; their load-bearing capacity and service life can be assessed by changes
in strength properties. It should be noted that the current GOST defines the corrosion resistance of
cements by their strength properties. The change in strength properties of concrete can be monitored
by three indicators: compressive, tensile and flexural strength.

In the process of exposure of concentrated sulfate solutions on concrete in the pores of cement
stone will be released in the solid phase of new formations, which in the initial period compact and
harden the concrete. The process of filling the pores and voids with the neoplasms leads to an increase
in the compression resistance of the specimens and can create the perception that there are no
destructive processes. In addition, pores and capillaries close during load application in compressive
testing of concrete, which leads to an overestimation of the compressive strength.

At the same time, when concrete pores are filled with gypsum formed in the process of concrete
corrosion, the process of bending resistance reduction is observed (Alekseev S.1.,& Ivanov F.M.,
2000).

Considering the above, it is reasonable to choose the strength characteristic, namely the flexural
strength, as a criterion of concrete corrosion resistance, because the results of determining the
compressive strength are overestimated due to objective reasons, and the bending tensile test is
difficult (Stepanova V.F., 2016; Glass G.K., Buenfeld N., 2000).

The flexural strength is a direct quantitative characteristic of the condition of the structure in an
aggressive environment; the flexural test is easy to perform, and based on the study of literature data
and laboratory studies can be recommended as a criterion for the corrosion resistance of cement and
concrete.

Therefore, we evaluated the corrosion resistance of samples by their bending test. In this case,
the dimensions of the tested specimens should be such that the ratio between the span of the supports
and the height of the specimens - beams, i.e. its cross-section was not less than 4, because at its smaller
value in the bending test may occur failure not from bending tension, but from folding stresses
(Fedosov S. V., & Bazanov S. M., 2003). The distance from the supports to the edge of the specimen
should be at least 1cm. Beam specimens with a cross section of 10x10 mm and length of 6 cm meet
the above requirements (for the evaluation of corrosion resistance of cements.) Corrosion resistance
of concrete was determined on beam specimens with a cross section of 100x100 mm and length of
400 mm where the distance between the supports was 300 mm.

Observance of the above conditions and methods of testing cements and concretes for sulfate
resistance will allow to objectively assess their true resistance and obtain reliable results regardless
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of the regional location of testing laboratories. This will allow manufacturers to reasonably approach
the choice of cements for concrete and reinforced concrete structures operating in aggressive sulfate
environments.

4 RESULTS AND DISCUSSION

The composition of cement-sand samples should be 1:3 (Cement : Volsky sand), and the water-
cement ratio is 0.6. The mobility of the mortar is 75-80 mm of immersion of the cone "StroiTsNIILa".

The prepared mortar is transferred to a pre-wiped wet cloth stirrer bowl stirred in it for 2.5
minutes (20 revolutions of the stirrer bowl)

The samples are compacted on a shaking table (30 blows for 30+5 s).

After manufacturing, the samples are stored in the molds for 24 +2 hours in a bath with a
hydrovlichicheskom shutter. Then the samples are unmolded and placed in tubs with drinking water
in a horizontal position so that they do not touch each other. The water should cover the specimens
by at least 20 mm. The distance between the samples must also be at least 20 mm.

After 28 days from the date of their manufacture, the samples are removed from water and
placed in Na2SOs4 solution. The amount of corrosive solution should be not less than 100 ml for each
specimen. Control specimens are left to harden in water until the moment of testing. The change of
solution is made when the concentration of sulfate ion in the test solution decreases by no more than
10%, which is established by determining the concentration of the initial solution. It is not allowed to
restore the initial concentration of aggressive solutions by adding salt or concentrated solutions.

Concentration control of working aggressive solutions during their preparation is carried out by
the density of solutions, which is controlled by measuring their density using areometers at a given
temperature, at a temperature of 20+2 °C. Determination of flexural strength of specimens is carried
out after 56 days, 6 and 12 months. The number of specimens for one test period should be at least
10. It is recommended to make control long-term tests in terms of 1, 2 and 3 years. The test shall be
performed not later than 1 hour after the specimens have been removed from the solution. The
specimens shall be wiped dry before testing.

Concrete specimens are stored in sulphate mortar for the same period as cement-sand
specimens, with the only difference being that the amount of aggressive mortar must be such that it
covers the specimen on all sides by at least 20 mm.

A quantitative characteristic of cement durability is the durability coefficient (Kst), which is
calculated as the ratio of the flexural strength of samples tested in Na2SO4 solution to the strength of
control samples cured in water.

We tested concrete made on Portland cement of 400 DO grade. As a coarse aggregate we used
crushed stone of Koturbulak deposit of 5-20 mm fraction, fine aggregate was sand with a coarseness
modulus of 2.2.

The data analysis showed that when cement is mixed with a suspension of activated micro
silica, it leads to intensification of the hydration process and binding of formed calcium hydroxide
(Ca(OH)2) by micro silica to the formation of low basic calcium hydrosilicates, which causes its
reduction by more than 23% relative to pure cement stone, reduction of the intensity of analytical
lines (C3S), and, accordingly, compaction and strengthening of the cement stone structure.

The strength of concrete with complex additives was studied on different concretes. In all cases,
equilibrated mixtures with stiffness of 20-21 s were used, which were obtained by reducing the water
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content. The results obtained are presented in Table 1.

Table 1
Effect of complex chemical admixtures on concrete strength
Additive content, % Compressive strength, MPa, at the age of
Ne Master Master Concrete hZa(iaglfd 28 days heat lel‘sll(li 32’151131;1‘
) Rheobuild  C-3 density, AT and humidity g
Air 200 keo/m? humidity normal
1000 g treatments I
treatments conditions
1 0 0 0 2385 30,8 41.4 41.8
2 0.6 0 0 2400 36.1 53.7 53.0
3 0.6 1.0 0 2400 37.4 55.5 54.2
4 0.6 1.0 0.16 2380 39.1 58.8 57.2
5 0 0 0 1930 23.8 32.0 34.6
6 0.6 0 0 1940 26.8 39.6 40.1
7 0.6 1.0 0 1940 28.8 39.9 41.0
8 0.6 1.0 0.16 1935 27.0 38.9 39.6

From the obtained results it follows that at introduction of Master Air 200 the strength of heavy
concrete at the age of 12 hours after heat and humidity treatment increases by 17%, and in 28-day
curing by 30%; after 28 days of curing in normal conditions by 27%. At introduction of complex
admixture Master Air 200+Master Rheobuild 1000 the strength of heavy concrete at the age of 12
hours after heat and humidity treatment increases by 20%, and in 28-day curing by 34%; after 28 days
of curing in normal conditions by 30%. At introduction of complex admixture Master Air 200+Master
Rheobuild 1000+C-3 the strength of heavy concrete at the age of 12 hours after heat and humidity
treatments increases by 27%, and in 28-day by 42%; after 28 days of curing in normal conditions by
37%.

At introduction of Master Air 200 the strength of concrete at the age of 12 hours after heat and
humidity treatment increases by 13%, and in 28-day curing by 24%; after 28 days of curing in normal
conditions by 16%. At introduction of complex admixture Master Air 200+Master Rheobuild 1000
the strength of concrete at the age of 12 hours after heat and humidity treatment increases by 21%,
and in 28-day by 25%; after 28 days of curing in normal conditions by 19%. At introduction of
complex admixture Master Air 200+Master Rheobuild 1000+C-3 the strength of concrete at the age
of 12 hours after heat and humidity treatment increases by 14%, and in 23-day by 22%; after 28 days
of curing in normal conditions by 14%.

From the analysis of the obtained results it follows that when Master Air 200 or Master Air
200+Master Rheobuild 1000 additives are introduced, the strength of lightened heavy concrete
increases more intensively in all cases. When the complex admixture Master Air 200+Master
Rheobuild 1000+C-3 is introduced, the strength of the concrete decreases by 3-7% and the strength
of the concrete increases by 6 - 8%. It follows that the technological effects achieved by the
introduction of Master Air 200 and Master Air 200+Master Rheobuild 1000 additives into concrete
are equivalent. The use of Master Air 200+Master Rheobuild 1000+C-3 complex admixture in
concrete is more effective than in other admixtures.

Analysis of the study of the microstructure of cement stone of three compositions, showed the
presence of clusters of elongated tubular crystals in the form of "needles", which are characteristic of
the morphology of ettringite, formed in the zone of micropore formation.

It is established that in the crystals of the modified cement stone their size decreases from 80 to
110 nm, which is much lower than in the control composition - from 200 to 300 nm and from 100 to
200 nm. The established changes are connected with formation of additional amount of low-base
calcium hydrosilicates due to alkaline excitation of silica-containing particles.

The cement stone was found to have a denser and more homogeneous fine porous structure
with micropore sizes ranging from 0.1 to 1 um Figure 1 (c¢) in the composition (Portland cement +
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micro silica + Master Air 200), the main range was from 2 to 5 um Figure 1(b) in the control sample,
from 2 to 10 um Figure 1 (a) with the presence of pores up to 100 um.

Figure 1 — Microstructure of cement stone: (a) control sample; (b) portland cement + micro silica;
(c) portland cement + micro silica + Master Air 200

The obtained positive results of cement stone modification formed the basis for the
development of concrete composition with a given complex of operational properties.

5 CONCLUSIONS

Tests of concrete samples after 6 months of exposure in Master Air 200 solution of 5%
concentration showed that the flexural strength of concrete increased compared to the initial one by
about 5-7%. This can be explained by the fact that probably the process of cement hydration is still
ongoing (due to the presence of sufficient clinker stock) and the absence of calcium hydroxide binding
components in the concrete. In addition, the introduction of Master Air 200 into the concrete mix
compacted the concrete structure due to its polymerization in the pores and capillaries, which
increased the water resistance of concrete W12. It should be noted that similar effect on the influence
on technological parameters of concrete mix and concrete.
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