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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.

Kasakcmar Pecniybriukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmeryze KabblndaHraHbiH xabapraldsi. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday wmaceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH Koramo0acmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil xypHan «Mseecmusi HAH PK. Cepusi xumuu u mexHosnoaul» bbin
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics Ona OanbHeliweao npuHamus xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0nis uccriedosameried, asmopos, usdamerel u yupexdeHul. BknwoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHCcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY 0 XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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SUBSTANTIATION OF APPLICATION
OF ANTI-ICE CHEMICAL REAGENTS ON AUTOMOBILE ROADS
WITH CEMENT CONCRETE COVERING

Abstract. In this paper, we consider the problem associated with the fight against slipperiness on roads with a
hard type of road surface. It is known that on cement-concrete surfaces, the length of the braking distance is up to
10 times longer than on a snow roll formed on asphalt-concrete surfaces. This phenomenon is especially dangerous
in winter, as a sharp increase in humidity (as a result of warming) significantly reduces the strength properties of
cement concrete. Chloride de-icers are highly hygroscopic. Being in the pores of cement concrete, chemical solutions
begin to absorb moisture from the atmosphere. In asphalt concrete, such phenomena are practically absent. Moisture,
which is located in the pores of cement concrete, on its surface occurs "staining" and peeling.

In the article, the authors pay special attention to the climatic conditions of Kazakhstan. The average air
temperature of the coldest month on average in the Akmola region is 25-270C, in the Eastern region-31-360c, in the
North— -26-29 OS, and in the South-3-10 OS. Annual precipitation amounts to 260-300, 340-370, 300-340 and about
150 mm, respectively. the duration of the cold period in the year varies between 6-7, 6-7, 5-6 and 3-4 months. It is
climate factors that make it difficult to use chemical reagents as anti-icing materials on roads with a cement-concrete
surface.

This article discusses the theoretical basis for the destruction of the crystal structure of snow and ice formations
from the influence of chemical reagents. They established a natural dependence of the freezing force of snow and ice
formations on the impact of various types of salt solutions. Also, laboratory studies have established the effect of the
concentration of salt solutions on the loss of strength of cement concrete over time.

Key words: slippery, peeling, chipping, cement concrete strength, deicing chemical reagent, concentration of
solutions.

Relevance. At present, roads of national significance with a hard surface type have significantly
increased on the territory of Kazakhstan. During the operation of these roads, the requirements for
maintenance and road safety are also increasing. Especially affected by adverse conditions for the
movement of cars, often occurring in the winter period, when traffic on the roads is complicated by the
appearance of various types of snow and ice formations. For roads with asphalt concrete pavement,
chemical reagents do not pose a significant danger, since bitumen-containing materials practically do not
pass liquid chemical solutions into the body of road clothing. In contrast, the cement concrete coating is
easily exposed to moisture absorption. Thus, chemical solutions, easily penetrating into the body of
cement concrete, contributes to the damage of the coating. This process in climatic zones with a sharply
continental climate especially exacerbates the likelihood of cement stone peeling, followed by concrete
painting (peeling) and loss of strength due to the low stability of this material. Novelty: chemical deicing
reagents have been selected experimentally and their optimal ability has been established, which do not
affect the strength properties (peeling, chipping, etc.) of cement concrete.

Problem statement. To determine the effect of anti-icing chemicals on the destruction of cement
concrete and the selection of the chemical reagent and its optimal concentration for roads with cement
concrete coating, depending on natural and climatic conditions.
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Methods for analyzing the structure of destruction of snow and ice formations from the influence of
chemical solutions and their influence on the reduction of strength properties of cement concrete coatings.
To explore the above factors, the test was conducted in three stages: first, theoretically grounded structural
changes, i.e. destruction of crystal structures of snow-ice formation from the action of solutions of
chemical reagents; second, a visual assessment of concrete degradation (flaking, spalling) from exposure
to solutions of anti-icing agents; third, determining loss of strength of samples of cement concrete from
the effects of chemical solutions at different concentrations. Theoretical bases of destruction of the
crystal structure of a snow-ice formation from the influence of chemical reagents. The use of chemical
reagents to combat snow and winter slipperiness is based on the fact that when exposed to ice and snow,
chemical reagents, having internal energy, cause the destruction of the crystal structure of the ice, as a
result, the ice melts and forms a solution with the reagents [8-10].

In the theoretical justification, we consider two cases: the first, the interaction of particles of a solute
with a solvent, i.e., the process of solvation; the second, with water. Here, the process is considered as
hydration between water and snow-ice formation. The dissolution of solid sodium chloride (or other
chemical materials) in water can be divided into the following stages:

1. The destruction of the ice crystal from the action of chloride solutions, i.e. sodium chloride can be
divided into the following free ions:

NaCl (18.)—Na" + CI°
a) hydration of these ions:
Na" + pH,O —Na'(H,0)p (solution); (1)
CI" +qH,0O —CI (H,0)q (solution). 2

b) the resulting expression
NaCl(sol.)*(p+q)H.0 —Na"(H,0)p (solution)+CI (H,0)q (solution). 3)

One of the main tasks of practical use of chemical solutions in the fight against slipperiness is to
reduce the freezing force of the snow-ice formation, i.e., changing its molecular structure (weakening of
the hardness, reducing the density, etc.). This is due to the duration of the reagent's entry with snow (%,),
distribution density (g), solution concentration (C,), normal shear stress by grader blade (o), the coefficient
of internal friction (zg), the adhesion of the material (C) in Addition, the value of the freezing force of ice
(or snow) may also depend on the temperature and humidity of the air. The freezing forces of ice when
shifting the grader blade can be represented in the form of a diagram (figure 2). In the theory of using
chemical reagents, it is known that as the salt affects the ice, the freezing forces weaken (z7) between its
crystals and the ice crust softens [11].

High quality snow removal can be achieved only if the snow does not lose its bulk properties (C). In
this case, the state of the loose body and, consequently, the newly fallen snow, is characterized by the
equation:

= otgp+C. (6)

a) sodium chloride solution
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Figure 2 — Dependence of the freezing force of snow and ice formations from exposure
to various types of salty solutions with the shift of the grader blade

The following devices and equipment were used for conducting experimental studies: a set of
hydrometers for determining the density of the solution, high-precision electronic scales, a freezer, and a
hydraulic press for testing a sample of cement concrete for strength after holding samples in chemical
solutions.

The process of performing tests. Determination of the strength properties of cement concrete under
the influence of various types of reagent when distributing them as anti-icing reagents and choosing their
optimal concentration. For the experiment, various types of reagents were taken, including non-
hygroscopic ones, i.e. technical urea and ammonium acetate

Research result. The selection of reagents was carried out in accordance with [1,2].

Initially, i.e. on phase one, in laboratory conditions, in accordance with [3], cement concrete samples
of the B30 and B35 grades used for roads with a cement concrete coating were prepared.

On second stage anti-icing chemicals were selected and solutions were prepared in laboratory
conditions in polyethylene baths with a concentration of 8% (minimum) and 25% (maximum). Here, as
anti-icing materials were used: a) traditional chloride materials, such as sodium chloride (NaCl) [4] and
6-water magnesium chloride (bischofite) (MgCl, .6H,O) [5]; b) non-hygroscopic materials, such as
ammonium acetate (CH;COONH4) [6] and technical urea (urea) (NH2),-CO) [7].

a)

Figure 3 — Visual view of cement concrete samples after exposure (a) and testing them on a hydraulic press (b)
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On third stage pre-prepared samples were immersed in polyethylene baths with appropriate
concentrations and types of solution. Then, from the moment the samples were immersed in the solution,
time tracking began. For rice 3A presents the results of the visual assessment. As you can see, not all
samples were destroyed. For example, the upper 4 samples and the lower 2 right samples were virtually
undamaged, while the lower 2 left samples showed structural damage.

On fourth stage cement concrete samples after exposure (in 3-day, week, 15-day, month), were tested
by a hydraulic press for compressive strength. The test results are presented on figure 3b.

The results of laboratory studies of Kazadi (2019) were carried out on the highway on the road
"Western Europe — Western China" (km 70-74) and "Almaty-Ust-Kamenogorsk" (km 27-32) of
Kazakhstan, especially on newly operated sites, a relationship was established between the content of
cement concrete sample of the B30 and B35 brand in a chemical solution and its strength.

As seen in figure 4, with a maximum monthly retention of 25 %- the concentration of ammonium
acetate, the loss of strength of B30 concrete is 4.46 % (figure 4 a), and the B35 grade is 3.37%, the
technical urea solution the loss of strength of the B30 grade concrete is 2.01 %, and the B35 grade is
1.42 % (figure 4 b), sodium chloride solution the loss of strength of concrete grade B30 is 3.44 %, and
grade B35 is 2.69 %, a solution of 6-water magnesium chloride loss of strength of concrete grade B30 is
3.06 %, and grade B35 is 2.14 % (figure 4 g).
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Figure 4 — Loss of strength of cement concrete samples in anti-icing chemical solutions
(curves correspond to scales according to the color scheme)

The results of the analysis testing. Thus, the use of chemical reagents very effectively reduces the
bonding forces between snow and ice formations and cement concrete coating compared to "pure" ice: at a
density distribution ¢,=50 g/m? chlorides in 10-15 times, and when ¢, = 100 g/m* in 20-30 times. When
using a 3-component anti-icing mixture "Bischofit-Urea-Technical salt", we get the lowest shear force.
Liquid de-icing chemicals (brines), in turn, are divided into: weak — 50-150, strong-150-320, very strong-
320-500 and extremely saturated more than 500 g/ 1.

The test results showed that with increasing strength of concrete, their resistance to the effects of
chemical solutions increases. For example, with a maximum monthly exposure of 25 % concentration of
technical urea solution, the loss of strength of B30 concrete is 2.01 %, and B35 is 1.42%, for the
concentration of ammonium-acetic solution. The loss of strength of B30 concrete is 4.46 %, and B35 is
3.37 %, for the concentration of the solution sodium chloride loss of strength, of concrete grade B30 is
3.44 %, and grade B35 is 2.69 %, for the concentration of a solution of 6-water magnesium chloride, the
loss of strength of concrete grade B30 is 3.06 %, and grade B35 is 2.14 %.
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J. E. Ecenraii, A. K. Kusabaes, H. B. bopuciok, C. H. Kusioaii
JL.B. T'onuapoB ateiHgarkl Kasak aBTOMOOUIIb-K0JI HHCTUTYTHI, AnMaThl, Ka3akcran

ANTI-ICE XUMUAJBIK PEATEHTTEPIH HEMEHT )KABBIHIBICBIMEH
BIPTE ABTOMOBWJIb KOJIBIHA KOJIJAHY

AHHoOTanus. Makanana KaTKpUI KaMBUIFBUTEI aBTOMOOWIIB KOJIBIHIIA Maiifa OONAaThIH KBICKBI TalFaKKa KapChl
Kypecy Iapanapbl KapacTHIPBUIFaH. OJETTe, EMEHT OCTOHIBI KOJIAFBl KOJIKTIH TEKEIy >KOIBIHBIH Y3BIHIBIFEI
acganbT OETOHIBl KAMBUIFBIAA TYBIHIAFaH TamlTalFaH Kapra Kaparanma 10 ecemeit >xorapel Oomamel. Mysnait
JKaFJaiia TaiiFak KaMBUIFBIFa YHKETY3UTIMAIK MaTepuagapAbl MIANTy, YaKbIT CO3BUIBIMBIHA KATBICTBI aca THIMII
eMec. Al XUMUSUIBIK peareHTTepli KarThl (keOy) KyiliHae HeMmece oyiapAbl KYMMEH apaliacThipy apKbUIbl LIAILY
naijanany THIMJUTITIH )KOFapbUIaTa aManibl.

[lemeHT OETOHIBI >KaMBUIFBLIAP TYHFBI peT «ActaHa-lllopTanney aBTOAAHFBUIBIHIAA Taiiaa OOJIbI JKOHE
y3bIHABIFBI 238 KM Kypaabl. bynan keiiin mynpaail skamburirbuiap «bateic Eypona — Bareic Kpitait» Xxanbikapaibik
keunik panizinin Kopnait aiiHanma sxonbiHaH Oactam, Typikcranra feiiH (OKaimbl y3bIHABIFBI 740 KM) CaibIH/BL
2016 ®bUTBI «AJIMATBI — OCKEMEH» aBTOXKOJBIHBIH «AjMatel — Karrarai» Temimi (Y3bIHIBIFB 67 KM) Haiaianyra
Oepinmi.

IlemenT OeTOHHBIH acdainbT OETOHFAa KaparaHJa Cy CiHIpY KacHeTi aca >KOrapbl 00JIa/ibl, COJ CHSAKTBI BUIFal
OTKI3rimTIri e >korapel. MyHmail xarmaiinap KbIC Mep3iMiHIE aca KayilTi, OUTKeHI BUIFAIIBIH KYPT JKOFapiaybl
(HeMece >KaMBUIFBIHBIH CYJIAaHYBI) IEMEHT OCTOHHBIH OCpIKTITiHEe Kepi BIKMANBIH ThTi3eni. KbICKpI TaiiraKkka Kapchl
KOJITAaHBUTATBIH XJIOPJIBI pEeareHTTEePAiH TUTPOCKONUSIIBIK KacueTTepi skorapbl 0omansl. COHIBIKTaH [IEMEHT OeTOH
KEyeKTepiHe eHI'eH XMMHUSJIBIK epITIHIIep bUIFANAbI KOPILIaFaH OpTaJaH KHUHAKTAII, )KaMbUTFbl OOWBIHA €pPKiH CiHIpe
ananpl. [{eMeHT OETOHHBIH KeyeriHe KMHAKTaJIFaH MYHIal XUMHUSUIBIK epITIHJUIEp JKaMbUIFbl OCTiHIH Yrilyi MeH
MYXIlyiHe TiKelei ocepiH TUrizeni.

Maxkanana apropiap KasakcTaHHBIH KJIMMATTHIK JKaFJaibIHA €PEKIlIe Ha3ap ayaapraH. AKMOIa OOJIBICBIHBIH €H
CYBIK allapbIHAAFBl OpTalla TeMmIeparypacsl MUHycC 25-27 °C-Tel Kypalpsl, MIBIFEIC aliMaFbiHaa MHHYC 31-36 °C,
coarycrikte MuHyc 26-29 °C, an onryctikre MuHyc 3-10 °C. JKaybIH-IIAIIBIHHBIH JKBUIABIK OpTalla MeJIepi
tuiciame 260-300 MM, 340-370 mm, 300-340 MM >xoHe 150 MM, ai KBUIIBIH CYBIK MEP3iMiHIH Y3aKTHIFbI, THICIHIIE
6-7, 6-7, 5-6 xxone 3-4 aii. Kpic Mep3imMae neMeHT OETOH XKaMBUIFBUIBI XKOJIJapFa XUMHSUIBIK peareHTTep LIallyFa,
JKOFapbl/la aTaliFaHial, aya-paiibl KyOBUTBICTAPBIHBIH 9Cepi OpacaH 30p.

Tyiiin ce3mep: Taiirak, pIABIpay, OCTTIK TO3Y, IEMEHT OCTOHBIHBIH OEpiKTiri, TAHFAKTHIKKA KapChl XUMISUTBIK,
peareHrt, epiTiHaIep KOHIICHTPALIUSCHL.

. E. Ecenraii, A. K. Kusabaes, H. B. bopuciok, C. H. Kusa6ait
Kazaxckuit aBToMOOMIIBHO-10p0XHEIA HHCTUTYT UM. JI.b. 'oHuaposa, Anmartsl, Kazaxcran

OBOCHOBAHUME NPUMEHEHMUS TPOTUBOT' OJIOJIEJHBIX XUMHWYECKHUX PEATEHTOB
HA ABTOMOBWJIBHBIX TOPOI'AX C HEMEHTOBETOHHbBIM ITIOKPBITUEM

AnHoTauus. B manHo# paboTte paccmarpuBaeTcs 3aaada, CBA3aHHasi ¢ 00pbOOH CO CKOJIIB3KOCThIO HAa aBTOMO-
6I/IJ'H)H]:IX Joporax ¢ TBEpAbIM TUIIOM HOKprTl/Iﬁ. I/ISBCCTHO, YTO Ha L[eMeHTO6eTOHHI)IX TMOKPLITUAX JJIMHA TOPMO3HO-
ro myt g0 10 pa3 Bbllle, 4eM Ha CHE)KHOM HakaTe, oOpasyromieMcsi Ha acanbToOETOHHBIX MOKPHITHsIX. [IprMeHe-
HHUE B TAKHUX YCJIOBHAX (DPUKIMOHHBIX MATEPHAIOB MPAKTHYECKH HE JACT JKEIaeMOro pe3ysibraTa u3-3a €ro Majoro
BpeMeHHU 3(pPEKTUBHOTO JEHCTBUS, 2 MPUMEHCHAE XUMUYECKUX MAaTEPUATIOB B TBEPJIOM (CYXOM) BUJIC WIH B COCTaBE
MECKOCOJITHOW CMECH TaKKe HE YBEIUUUBACT UX IPPEKTHBHOCTD.

[eMeHTOOCTOHHOE TIOKPHITHE BIIEPBEIC MOSBHIOCH Ha aBTOMAarucTpanu «Acrtana—lllyunHck» mmHON 238 KM.
3areM Ha y4acTKe aBTOMOOWIBHOM noporu «3amamHas EBpona — 3anmaxsenii Kuraity, HaumHas ¢ 00bpe31HON TOPOTH
Kopmait mo r. Typkecran (mpotsbkeHHOCTs 740 kM). B 2016 romay BBenM B AIKCIUTyaTalWi0 YYacTOK «AJIMAaThI—
Karmrarait» aBToMOOMIBHOH TOporH « AnMaTel—Y cTh-KaMeHoropek» (MpOTsSHKEHHOCTH 67 KM).

Kak u3BecTHO, 1IEeMEHTOOETOH IO CpaBHEHHIO C ac(albTOOETOHOM BOJONPOHUIIAEMBIH M €ro MOPbI JETKO
BIIMTHIBAIOT B ce0s Biary. /laHHOe siBjIeHHE OCOOEHHO OMAcHO B 3MMHEE BpeMs Ioja, T.K. PE3KOe MOBHIIMICHHE (B
pe3ynpTaTe TOTEIUICHHS) BJIAarM CYIIECTBEHHO CHM)KAe€T IPOYHOCTHBIE CBOMCTBA IeMEHTOOeTOHa. XJIOPHUCTHIE
IMPOTUBOTI'OJIOJIEAHBIEC PEArCHTHI ABJIAIOTCA BBICOKO THI'POCKOIMMYHBIMU. Haxo;mcr; B Iopax LIeMeHTO6eTOHa, pac-
TBOPBI XUMPEAreHTOB HAUMHAIOT BIIUTHIBATh BIIAry U3 arMocdepsl. Takue siBiieHus B achaibToOeTOHAX NPaKTHYECKU
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OTCYTCTBYIOT. Biara, Haxozsmasicst B mopax EMEHTOOETOHA, Ha €ro0 MOBEPXHOCTH MOSBIISIOTCS «BBIKPALIN-BAHUE»
U IPOUCXOAUT LIETyIICHHE.

B crarbe aBTOpBI 0COO0OEC BHUMaHKME O0OpallaloT Ha KiuMmaruueckue ycinoBus Kazaxcrana. CpenHss Temiiepa-
Typa BO3[yXa CaMOro XOJIOAHOTO Mecsia B AKMOJIMHCKOW 00iacTu B cperHeM coctapisier -25-27 °C, B BOCTOYHOM
peruone -31-36 °C, B ceBepHOM — -26-29 °C, a B 103)kHOM — 3-10 °C. T'0/10BO€ KOJIMYECTBO OCATKOB COOTBETCTBEHHO —
260-300, 340-370, 300-340 u okono 150 MM, MPOAOIKUTEIHHOCTh XOJIOJHOTO TEpHOJa B TOXy KOJeONeTcs B
npexpenax: 6-7, 6-7, 5-6 u 3-4 mecsues. MIMeHHO KimMaTHueckue (akTOpbl YCIOXKHIIOT IPUMEHEHNE XUMHUYECKUX
peareHTOB B Ka4eCTBE MIPOTUBOTOJIONIETHBIX MaTEPHaJIOB Ha TOPOTrax ¢ IEMEHTOOETOHHBIM HOKPBITHEM.

KiroueBble c10Ba: CKOJIB3KOCTh, IICNYIICHHE, BBIKPAIIMBAHWE, MPOYHOCTH IIEMEHTOOETOHA, HMPOTHUBOIO-
JIOJNEAHBIA XUMUYECKUH PeareHT, KOHIIEHTPaus pacTBOPOB.
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