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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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THE STUDY OF THE PROPERTIES AND STRUCTURE
OF CEMENT BINDING COMPOSITION ON ELECTROLYTE
ACQUEOUS SOLUTIONS ACTIVATED
BY MECHANOMAGNETIC METHOD

Abstract. In the present paper, the issues of studying the influence of complex activation of grouting fluid on
the structure and properties of the hardened cement paste and concrete are considered. The problem is relevant for
manufacturing of building materials. In the paper, there was used the method of applying in the concrete mix
composition of the elementary chemical substances undergone special physical treatment by means of
mechanomagnetic activation. For more profound study of the structure formation processes in the hardened cement
paste, the method of differential thermo gravimetric analysis has been used. As the research results have shown, the
concrete samples on the activated electrolyte solutions are characterized by improved strength. In addition, on the
base of differential thermo gravimetric analysis, it was proven that in the studied samples of the hardened cement
paste on the electrolyte solutions activated by the method of mechanomagnetic treatment, the less calcium hydroxide
and the more hydrated calcium silicate with amorphous and fine crystalline is formed. The obtained results for
cement composites could be applied when manufacturing effective binder for concretes and mortars in the
production of building materials and structures.

Key words: Cement compositions, mechanomagnetic activation, electrolyte aqueous solutions, differential
thermo gravimetric analysis, compressive strength, structure formation of binders, sodium thiosulphate, calcium
chloride.

Introduction. Nowadays, construction industry in CIS countries and Kazakhstan is gaining
momentum that leads to the increasing demand for building materials and structures. Thus, development
of structural and thermal insulating materials based on the effective cement binders is regarded as a
pressing challenge. Manufacturing of cement-based concretes remains the key direction of the
construction industry. Along with that, the large focus is given not only to the issues of cost price lowering
but also to the problems of quality enhancement of the obtained concretes. In the most cases, the alteration
of concrete properties is achieved by application of chemical substances introduced into the concrete mix
as modifying additives. Along with that, the priority is placed on the nano-additives’ direction, in
particular, fulleroid materials [1-21].

However, it is worth mentioning that carbon nanotubes are considered effective but very costly
modifiers [20, 21]. Application of elementary chemical substance in the concrete mix composition
undergone special physical treatment — activation — is seen as an alternative method. The most widely
spread is activation of solid components of concrete: fine milling of cement clinker, grinding of the




ISSN 2224-5286 Series chemistry and technology. 2. 2021

aggregate part. Recently, liquid-phase activation is gaining momentum when grouting fluid and the
containing concrete additives are exposed to external effects (magnetic, electrical, mechanic, acoustic,
etc.) Liquid-phase activation is possible at the rates by one order lower than required for solid-phase
activation; therefore, grouting fluid activation is more cost-effective. It is commonly known that adding
the electrolyte molecules to water distorts its supramolecular structure and increases the total number of
ice-like structural formations [20]. From the other side, during high-speed water mixing in the rotor-
impulse apparatus, the phenomenon of cavitation appears accompanied by the ionization of the part of
H,O molecules, and the radicals H® are formed [21].

Mechano-impulse impact leads to the transformation of the hydrogen-bonds grid. Thus, both factors
(chemical and mechanical activation) act in one direction — they facilitate the formation of the large
number of water clusters of smaller size that preconditions the increase in activity of aqueous solutions
treated mechanically. This activity is manifested not only in the temperature rise followed activation but
also the change of pH factor, electrical conductivity and oxidation-reduction potential. The use of
activated water for cement grouting should lead to the rise of cement degree of hydration and,
consequently, to the change of the series of physical and mechanical properties of the hardened cement
paste and concrete.

Materials: The following materials and solutions have been used for the research purpose: Portland
cement, grade 500, produced by Chimkent cement plant (All-Union Standard (GOST) 10178-85,
30515-97), sand (GOST 8736-93) with the fineness modulus 1.8+2, mains water (GOST 23732-79),
calcium chloride (GOST 450-77), sodium thiosulphate (GOST 244-76).

Methods. The properties of initial and activated cement binder were evaluated in compliance with the
All-Union Standard GOST 30515-97, GOST 31108-2003 and GOST 7473-2010. Limit of ultimate
compressive and bending strength for cement compositions was determined on the test beams with the
dimenstions 40x40x160 mm on the apparatus IP-2710. Before cement paste grouting, water with
additives has undergone mechanomagnetic treatment. For this purpose, there was used the laboratory unit
comprising rotor-pulsation apparatus, with the constant consumer magnet located at its output, with
coercitive force 140 mcA/m, water container and connecting hoses [21]. The treated fluid was circulating
in a close loop circuit, exposed to the magnetic field periodically. Along with that, there was provided the
required destruction degree of supramolecular water structure, ultra dispersal of the additive, and
repositioning of water dipoles in the magnetic field. During the activation process, the rotational frequency
of the rotor accounted for 4000 rotations per minute, the time of treatment — 120...150 seconds, the
amount of additive is 0.08% of cement mass for sodium thiosulphate and 0.1% of cement mass for
calcium chloride. The given values of technological parameters were selected experimentally by the
method of measurement planning [1-21].

Results. Having completed the strength tests of concretes based on activated and non-activated
electrolyte solutions, it was stated that the concrete samples on 0.1% solution of calcium chloride and
0.08% sodium thiosulphate, treated at the rotor frequency of 4000 rotations per minute during
120...150 seconds, are characterized with the best strength properties. Application of the
mechanomagnetic activation has led to the rise in ultimate compressive strength by 25% and 20%, for the
compositions with calcium chloride and sodium thiosulphate respectively, if compared with the test
composition. Bending strength has increased by 29% for calcium chloride and 27% for sodium
thiosulphate, correspondingly. The results of strength tests of the hardened cement paste are given in the
table 1.

Table 1 — The results of strength tests of the hardened cement paste

The amount of Rotational frequency of . Ultimate strength, MPa
- - . Activation
Type of additive additive, % cement the rotor, rotations per . . .
. time, seconds compressive bending
mass minute
- - - - 41.7 5.9
- - 4000 150 443 6.2
Calcium chloride 3 - - 45.6 7.0
Sodium thiosulphate 0.3 - - 44.5 6.8
Calcium chloride 0.1 4000 120 48.4 7.8
Sodium thiosulphate 0.08 4000 150 46.8 7.5
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The block diagrams of ultimate compressive and bending strength demonstrating the efficiency of
grouting fluid mechanomagnetic activation are presented in figures 1 and 2. The block diagrams of water
absorption by the samples of the fine grain concrete are demonstrated in figure 3.
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Figure 1 - Ultimate compressive strength of the fine grain concrete samples:
1-reference sample (no-additives and non-activated); 2-on the water activated by mechanomagnetic method, no additives;
3-on the solution of calcium chloride (3% of cement mass); 4-on the solution of sodium thiosulphate (0.3% of cement mass);
5-on the calcium chloride solution activated by mechanomagnetic method (0.1% of cement mass); 6-on the sodium thiosulphate
solution activated by mechanomagnetic method (0.08% of cement mass)

Ultimate bending
strength, MPa

Samples

Figure 2 - Ultimate bending strength of the fine grain concrete samples:
1-reference sample (no-additives and non-activated); 2-on the water activated by mechanomagnetic method, no additives;
3-on the solution of calcium chloride (3% of cement mass); 4-on the solution of sodium thiosulphate (0.3% of cement mass);
5-on the calcium chloride solution activated by mechanomagnetic method (0.1% of cement mass); 6-on the sodium thiosulphate
solution activated by mechanomagnetic method (0.08% of cement mass)
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Figure 3 - Water absorption of fine grain concrete samples:
1-reference sample (no-additives and non-activated); 2-on the water activated by mechanomagnetic method, no additives;
3-on the solution of calcium chloride (3% of cement mass); 4-on the solution of sodium thiosulphate (0.3% of cement mass);
5-on the calcium chloride solution activated by mechanomagnetic method (0.1% of cement mass); 6-on the sodium thiosulphate
solution activated by mechanomagnetic method (0.08% of cement mass)
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Discussion. As a matter or record outlined in the table 1, we can conclude that mechanomagnetic
activation could lower the content of calcium chloride by factor of 30 and sodium thiosulphate by factor of
5, not experiencing any strength loss. It is worth noting that mechanomagnetic activation of the grouting
fluid with no additives cannot ensure significant gain in strength of the hardened cement paste. Evidently,
when electrolytes solutions are activated even at lower concentration, synergetic effect takes place.

Comparing the graphs 1, 2 and 3, it can be observed the present correlation between concrete strength
and the lowering of water absorption. Thus, concrete samples on the non-activated water with no additives
had the highest water absorption, while the values of ultimate compressive and bending strength were
recorded at their minimum.

The decrease in water absorption by the concrete samples on the solutions activated by
mechanomagnetic method could indicate the formation of dense concrete structure due to the change of
porous volume, i.e. in the modified concrete, more closed microscopic pores and less capillaries are
formed. Redistribution of pores increasing the presence of microscopic ones is also evidenced by the rise
of frost resistance of concretes on activated solutions, for calcium chloride — by 45 cycles and for sodium
thiosulphate by 50 cycles respectively, in comparison with the reference sample, that withhold 250 cycles
of freezing and thawing.

Conclusions. Having implemented the comparative analysis of the tested samples, we can conclude
that in the hardened cement paste on the electrolyte solutions activated by mechanomagnetic method,
there has been formed the greater amount of calcium hydro silicates and the lesser amount of calcium
hydroxide with amorphous or fine crystal structure. Thus, mechanomagnetic activation of aqueous
electrolyte solutions enables to obtain fine grain concretes characterized by homogeneous monolithic
structure and enhanced strength properties and frost resistance. The performed research will allow direct
planning of the production of the effective binder for concretes and mortars in manufacturing building
materials and structures.
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MEXAHOMATHUTTIK TOCIJIMEH BEJICEHAIPIVITEH DJIEKTPOJIMTTEPIIH
CYJIBI EPITIHAUVIEPIHAETT HEMEHTTI T¥TKbIII KOMIIO3ULUAJTAPIBIH
KACHUETTEPI MEH K¥PbIJIBIMBIH 3EPTTEY

AHHOTanusi. Makanazia KypbUIbIC MaTepHajlapblH OHAIpY/Ie ©3€KTi Macele OOJIbIT TaObLIAThIH LIEMEHT Tachl
MeH OETOHHBIH KYPBUIBIMBI MEH KAaCHUETTEPIHE CYWBIKTBIKTBIH KeleH i OeJICEeHIUIITIHIH acepiH 3epTTey KOHIHIeT]
Maceresep Kapayiaabl. JKyMbICTa MEXaHOMAarHUTTIK OEJICEHIUTIK JKOJIBIMEH apHaiibl (PU3MKaJIbIK OHJEYTe YIIbIparaH
KapamaiblM XAMUSUIBIK 3aTTapisl OCTOH KOCMACHl CPTIHAUICPIHIH KypaMbIHIA MaiifanaHy ofici KOJJaHBUIIHI.
JKympic OapbiChIHAa IIEMEHT TacTapbIHIAFbl KYPBUIBIMIBIK TY3LIy TIPOLECTEpPiH TEepeHipeK 3epTTey YIiH
TG hepeHINAIIBI-TEPMOTPABUMETPIIIK Talliay ONICi KOJIAHBUIIABL. 3epTTEy HOTIDKECIHIE, SICKTPOIUTTEPIIIH
OenceHmipireH epiTiHaiIepinaeri 0€TOH YITUIepiHiH XKOFaphel OEpiKTIK CHUIaTTamMaiapra Me OOJFaHbl aHBIKTAIIHL.
Conpaii-ak nuddepeHInanap-TepMOTPaBIMETPIIIK Talay HETi3iHIe MEeXaHOMAarHHTTIK OHJIEYy 9iciMeH OerlceHmi-
pUITeH STEKTPONUTTEPIIH epIiTIHAUIEPiHAE 3ePTTENETIH IIEMEHT TACHIHBIH YATUIepiHAe KadbIMi THAPOKCHUIIHIH a3
MeJIIIepAe XoHe aMOP(THI HeMece YcaK KpUCTallAbl KYPBUIBIMBI Oap KalbIMi THAPOCHIMKATTAPBIHBIH KOl MeJIIepi
naiiia OOJNATHIHBI aHBIKTANABL [[eMEHT KOMIIO3MTTApiHIH anbIHFaH HOTHKENEpiH KYPBUIBIC MaTepHaJliapbl MEH
KOHCTPYKLMSUIAPBIH Jasipiiay ©HAIPICIHAE KOJJAaHBbUIATHIH TYTKBIp OETOHIAp MEH epiTiHAuIep NablHAay YIIiH
naiinananyra 0oJabl.
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HNCCJIIEJOBAHUSA C?OﬁCTB N CTPYKTYPbI HEMEHTHBIX
BSAKYIIUX KOMITIO3ULIUU HA BOJHBIX PACTBOPAX QJIEKTPOJIMTOB,
AKTUBHUPOBAHHBIX MEXAHOMATI'HUTHBIM CIIOCOBOM

AHHOTanusi. B craree paccMmarpuBaroTCs BONPOCH MO WCCIECJOBAHMIO BJIMSHHS KOMIUICKCHOW aKTHBALMU
JKHJIKOCTH 3aTBOPEHUS HA CTPYKTYpPYy M CBOMCTBAa LIEMEHTHOTO KaMHs M OETOHA, KOTOPHIE SIBISETCA aKTyalbHbIM B
MIPOM3BOJICTBE CTPOMTENBHBIX MaTepHaioB. B paboTe mpuMEHsuICSs METOA HCIOIb30BaHUS B COCTaBE OETOHHOM
CMECH INPOCTBHIX XMMHYECKUX BEIIECTB, NMOJBEPIIIMXCS CIELHAIbHON (usmyeckoll 00paboTKe IMyTeM MeXaHOoMar-
HUTHON akTuBanuu. st Gomee riryGOKOro M3y4deHHUs! MPOLECCOB CTPYKTypOoOOpa3oBaHMSI B LIEMEHTHOM KaMHE
NpUMEHWIM  MeToj|  AnddepeHInanbHO-TepMOIPaBUMETPUYECKOTO  aHaiu3a. B pesynbrare UccieJoBaHHUA
YCTaHOBJIEHO, 4TO 00pa3ubl OeTOHa Ha aKTUBHPOBAHHBIX PAaCTBOpPAX IJIEKTPOJIUTOB O0JIafaii BHICOKMMH MNpPOY-
HOCTHBIMH XapaKTEPUCTHKaMHU. Takke Ha OCHOBAaHMM JU(QEepeHIHATBHO-TEPMOTPAaBUMETPHUIECKOTO aHaIN3a
YCTAQHOBJIEHO, YTO B HM3Y4aeMbIX O00pa3lax IEeMEHTHOIO KaMHS Ha pacTBOpax SJIEKTPOJHMTOB, aKTHBHUPOBAaHHBIX
METOJIOM MEXaHOMarHUTHOH 00paboTkM, 0oOpa3yercsi MeHbIIee KOJIMYECTBO THAPOKCHAA KaJbLUs W OoJbliee
KOJIMYECTBO THUAPOCHINKATOB KAJBIHA, KOTOPHIH HMMEeT aMOp(QHYI WIM MEIKOKPHUCTALUIMYECKYIO CTPYKTYpY.
[TomydeHHble pe3ynbTaThl HEMEHTHBIX KOMIIO3UTOB MOKHO HCIIOJIb30BaTh IIPHU HM3TOTOBICHHUH 3()(EKTHBHOTO
BSDKYILIETO AJ1s1 0ETOHOB M PacTBOPOB B IIPOU3BO/ICTBE CTPOUTENBHBIX MaTEpHAIOB M KOHCTPYKINH.

KaroueBble c10Ba: IEMEHTHBIE KOMITO3ULIUH, MEXaHOMAarHUTHAs aKTHBALMSI, BOJHbBIE PACTBOPHI JIEKTPOIUTOB,
i depeHInanTbHO-TEPMOT PABUMETPUYECKHI aHANIN3, ITPOYHOCTD NPU CXKATHH, CTPYKTYpOOOpa30BaHMS BSDKYIIHX,
THOCYIb(aTa HATPHS, XJIOPUIA KAIIBIIHUS.
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