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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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DETOXICATION OF BY-PRODUCTS OF OIL AND GAS INDUSTRY
ACCOMPANIIED BY OBTAINING IRON AND SULFUR-CONTAINING
BINDERS FOR STRUCTURAL BUILDING MATERIALS

Abstract. In this paper, the authors considered the issues related to reducing negative impact of large-tonnage
toxic industrial wastes on environment by means of their detoxication and application as effective binders for
building materials. For implementation of scientific researches, the standard methods of analysis of physical and
mechanical properties have been used for the stone based on iron and sulfur containing binders; the contemporary
methods of differential and thermal, X-ray diffraction analysis, microscopic analysis and testing apparatuses have
been used. While carrying out experimental research, the authors have realized a scientific hypothesis stating that for
increasing the effect of additional activation for eact particles of iron- and sulfur containing additives, their co-
milling has been applied. As the result, there took place mutual neutralization and detoxication of solid industrial by-
products with opposite chemical properties. In the course of experimental work aimed at preliminary determination
of composition and activation of sulfur-contating additives, wet grinding was done on the pebble mill by applying
abrasive and impact forces. In the course of combined action of mechano-chemical activation of industrial by-
products, in the presence of water, accompanied by sulfur-containing raw mixtures for manufacturing of building
materials, there was used the method of mutual neutralizion of chemically hazardous substances forming a part of
industrial wastes. These methods enable to reduce the consumption of a binder due to its partial replacement by toxic
by-products of oil and gas industry and metallurgy. The characteristics and properties of the specimens of iron and
sulfur-containing binder have been studied at the age of 7, 14 and 28 days of air hardening. The specimens were
exposed to thermal and steam curing. It was stated that air hardened iron and sulfur-containing binders at the age of
14 days have reached the ultimate compressive strength of 62.0 MPa, at the age of 28 days — 66.5 MPa,
correspondingly. The same composition exposed to steam curing at the age of 28 days has compression strength of
74.5 MPa that attests to the fact that steam curing has a positive impact on gain in strength of iron and sulfur-
containing binder. The obtained research results could be apllied as an effective substance for manufacturing mortars
and concrets in construction industry.

Key words: Activation, mechanical and chemical treatment, detoxication of industrial wastes, neutralization of
hazardous substances, thermodynamic calculations, iron and sulfur containing binders, ferric iron, oxidation,
deoxidization, compression strength, pyrite cinder, sulfur.

Introduction. In the southern regions of the Russian Federation as well as in the western regions of
Kazakhstan, there accumulated vast raw materials in the form of large-tonnage by-products of oil and gas
industry. Thus, their utilization in the composition of building materials is of paramount importance for
national economies of these countries. It is well known from the literature sources that addition of
technical sulfur in the powder form has an impact of physical and mechanical properties of concrete
[1-20]. Along with that, the mechanism of the influence of sulfur containing additive on the structure and
properties of cement composites has not identified, the optimum compositions and the methods of
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manufacturing sulfur containing concretes have not been determined. This proves the relevance of
researching the necessity of obtaining effective building materials on the base of sulfur by-products of oil
and gas industry, and the development of technologies for their production.

For the solution of this issue, the authors have conducted the research of the influence of the additives
on the base of sulfur wastes of oil and gas industry on the structure formation and physical-chemical
properties of composite iron- and sulfur containing binders. The processes of mechanochemical activation
of binders, as shown in the studies [11-20], lead to enhancement of physical amd mechanical properties of
the obtained building materials. In the course of mechanochemical activation of iron- and sulfur
containing by-products, at the presence of water, with obtaining raw mixtures for manufacturing building
materials, the principle of mutual neturalization of chemically hazardous substances that are present in
industrial by-products has been applied. In the works [1-20], the possibility of obtaining effective
concretes with enhanced physical and mechanical properties has been shown for various methods of
additional activation of a binder. These methods enable to reduce concrete consumption due to its partial
replacement by the wastes of oil and gas industry as well as metallurgy by-products.

Materials: the following raw materials and binders have been tested for the research purposes:

1. For the research purpose, Portalnd cement of the grade 400 produced by Novotrotsk cement plant
has been used. Its chemical composition is presented in the table 1 below.

Table 1 - Chemical composition of cement produced by Novotroitsk cement plant

Content, %
Basic oxides Basic minerals
CaO Si0, Al1,05 Fe,0, R,0 SO; CsS C,S C3A C4AF
61.39 23.39 6.39 6.07 0.38 0.60 57.61 17.39 7.91 13.11

2. As an additive, pyrite cinder manufactured by Plc Phosphorchim of Aktobe region has been used.
The addtivie consists of the iron oxide mixture (I, IIT) Fe;04 (Fe,03), recalculating for the content of iron
42-63% and sulfur admixtures 1-2%. The reminder are oxides of non-ferrous metals. The chemical
composition of pyrite cinder, % wt. is given in the table 2.

Table 2 — Chemical composition of pyrite cinder, % wt.

CaO 8102 F6203 A1203 MgO 503 R20 IL.IL.IT
10.6 19.6 66.2 2.2 1.2 - - 0.2

3. As a modifier, sulfur by-products, being secondary products of processing high-sufur oil of Aktobe
region deposits, Kazakhstan, have been used. Technical sulfur represents a granulated product complying
with the requirements of the All-Union Standard GOST 127.1-03. The chemical composition of technical
sulfur applied in the experiment is enclosed in the table 3.

Table 3 — Chemical composition of sulfur

Gost Sulfur % wt. Cinder, % wt. Organic substances, % wt. Water, % wt.

127.1-93 99.060 0.400%; 0.053%; 0.010%.

For binder’s preparation, tap potable water corresponding to the GOST 23732 requirements “Water
for concrete and mortars. Specifications” has been used.

Methods. Characteristics of original and activated binder have been determined in compliance with
the GOST 30515-97, GOST 31108-2003 and GOST 7473-2010.

Determining ultimate tensile and bending strength of iron- and sulfur containing binders have been
carried out on the test-beams with the dimensions 40x40x160mm on the apparatus IP 2710.

Differential thermal analysis of iron- and sulfur containing powders have been done by the photo
derivatograph under the standard method. By means of X-ray diffraction analysis, there has been
determined the phase composition of activated iron- and sulfur-contatining binder.
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Thermodynamic evaluation of chemical reactions probability has been done for the given components
of industrial by-products in raw sludges by means of the standard thermodynamic values and
electrochemical potentials.

In order to get effective iron- and sulfur containing binders, there has been applied the principle of
mutual neutralization and detoxication of hazardous industrial wastes by means of their mechanochemical
treatment at low temperature.

While carrying out experiments, the amount of sulfur wastes and pyrite cinders have been taken by
weight in proportion to stoichiometric reactions constants; correspondingly, the raw materials mixture has
been moistured to reach the consistency of “wet sand”.

Having worked out the plan of the research, there has been realized the scientific hypothesis that in
order to exercize additional activation of each particle of additives, their co-milling had been used. In the
result, there took place mutual detoxication of solid wastes with specific contrasting chemical properties.
Having impelemented experiments aimed at preliminary analysis of composition and activation of sulfur
containing additives, wet grinding was done by pebble mills creating abrasive and impact action. As said
above, the addition of technical sulfur and its derivatives to concrete mixture enhances the characteristics
of concrete stone.

In the paper, the authors also researched the influence of sulfur addition on the strength properties of
sulfur contatining binders. The following proportions of the mortar mixture components have been taken:
(cement: pyrite cinder: technical sulfur, % wt.): 74:18:8, 70:18:12, 67:20:13. Water-solid ratio of sulfur
containing binders has been taken provided casting into molds of mortar mixtures with the cone flow
diameter ensuring the optimum formation of porous structure and the maximum mortar strength. In order
to carry out research for determining the impact of technical sulfur addition on the strength properties of
sulfur containing cement stone, the specimens with dimensions 100x100x100 mm have been prepared,
with water-solid ratio equal to 0.385, when cone flow of 200 mm on the flow table was provided. For
comparison, there have been prepared the specimens of cement mortars with equal fluidity and water-solid
ratio of 0.385, no-additive composition. Technical sulfur was introduced in the composition in the amount
of 8-13% combined with pyrite cinder (18% pyrite cinder + 8% tehcnical sulfur), (18% pyrite cinder +
12% technical sulfur), (20% pyrite cinder + 13% technical sulfur) from the dry components weight.

Results. The obtained estimates related to the binding reactions of technical sulfur (IV) and iron (III)
by means of elecromotive forces (e.m.f.) of electrochemical couples are given in the table 4.

Table 4. - Evaluation of reaction capacity by means of electomotive forces of electrochemical couples

Systems and reactons e.m.f. of electrochemical couples
Fe (IIT) +S° —Fe(ID) +S (VI); E=0.771—(-0.13)=+0.784 (8)> 0

As seen from the table 4, the analysis of estimated values (e.m.f.) of electrochemical systems under
standard electrode potentials shows, that the reactions are possible as the value of e.m.f. >0 (positive),
whereas recovery of pyrite cinder by technical sulfur is more energy-efficient than the one by carbon.
Ferric iron can oxidize sulfur transforming into ferrous form. It is worth noting that sulfur containing
sludges have pH > 3 (alkaline reaction of aqueous migrate) [18], they have undergone the thermal
treatments similar to cement clinker and demonstrate binding properties. The standard values of enthalpy
AH® and enthropy AS° at the temperature of 298° K, taken form the literature sources [19-20], are
enclosed in the table 5.

Calculations of thermodynamic values change for chemical reactions have been done under the well-
known formula:

AH®298xp =AH°298(finite) - Y AH°298(transitional) (D
Table 5 — The values of standard enthalpy and enthropy for the reacting substances
Substance AH®298 kkal/mole AS°298 kkal/degrees-mole
SO, -71.0 59.2
Fe;04 -266.5 35.0
FeS -22.8 16.1
Fe,0; -145.2 21.5
FeS, -38.8 12.7
FeO -64.5 134
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At mechanical abrasion and mixing of sulfur and iron in the presence of water in base condition, there
have been estimated enthalpies for oxidation-reduction reactions (the calculations for values of the change
of standard thermodynamic potentials have been done at standard temperature T = 298°). The obtained
values of AH — enthalpies and thermal effect of oxidation-reduction reactions are presented in the table
6 (the alphabetical references of oxidation-reduction reactions are given in the alphabetical order).

Table 6 — Thermal effects of oxidation-reduction reactions

Alphabetical references of Systems and reactions Thermal effect of the reaction, AH® kkal
the reactions
A 3Fe;04 + S — FeS + 4Fe,0; 195.9
B FeS + S — FeS, -16.0
C 4Fe,03 + S° — SO, + 4FeO -38.6
D 2FeO + 3S° — 2FeS + SO, 12.4
E FeO + S — FeOS 20.8

Comparing the estimated values and their references, one can draw a conclusion that reactions A, D
and E are impossible from the point of thermodynamics, the values of enthalpy are higher than 0 C°, i.e.
positive (AH)> 0, whereas other reactions could be executed at ordinary temperature. The most probable
are reactions B and C as they are characterized by the highest value of AH. It should be noted that it worth
conducting the reaction in the presence of sufficient amount of water, thus, hydrogen ions in the reaction
C will bond and form neutral water molecules in alcaline medium, and sulfur dioxide - into the molecule
of salt

CaSO0s. For the experiment, the amount of by-products on the base of pyrite cinder and technical
sulfur have been taken in the weight ratio, proportional to stoichiometric constants of reactons, and raw
materials mixture was slightly humidified to reach the consistency of “wet sand”. The products of reaction
visually differed by colour from the primary raw mixture. In the process of mechanochemical treatment,
significant rise in temperature of reactive atmosphere was observed (about 40°C). Mostly likely, raw
mixture [1, 18-20] was heated at the account of chemical exothermal reactions and energy transfer from
mechanical to thermal one.

Apparently, at mechanochemical grinding the temperature factor plays a crucial role for the instant
heating of reacting chemicals at the moment of mechanical impact. Defects of extrinsic and non-
stoichiometric origin have a noticeable impact on crystal grid of iron oxide [18-20].

For example, the sintering rate usually increases with the growth of derivation from stoichiometry,
and activation energy of creeping of crystal gird of non-stoichiometric oxide is reduced by 20-25 kkal/mol
if compared with normal oxide.

It should be added that thermodynamically impossible reaction realized under the scheme C in the
presence of metallic iron (Fe®) becomes possible (AH< 0):

3Fe® +Fe;04 + 2S — 2FeS + 4FeO, AH = -37.1kkal 2)

The results given above have proven that sulfur is bonded with iron oxides when exposed to
mechanical impact at the temperatures close to the standard ones.

Having carried out the experimental work aimed at detoxication and activation of sulfur containing
wastes, the authors came to conclusion that ferric iron is able to oxidate sulfur while transforming into its
ferrous form, as the color of the treated mixture has changed from yellowish to grayly-green. Joint
grinding of sulfur containing components and cement has a positive impact on mechanical properties of
the researched specimens. Strength of sulfur containing specimens at the age of 28 days has reached
37.7MPa. Along with that, pyrite cinder apparently acted as an initiating agent of physical and chemical
coagulation process of binder’s mixture. During coagulation process, polarization of dispersed particles
and their mutual attraction takes place that facilitates the process of structure formation. Addition of iron
dust and iron nanoparticles with the purpose of sulfur binding could be considered a quite interesting
variant of mutual wastes utilization [20]. However, iron compounds are characterized by high density that
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results in gain in weight. The reactions D and E are of paramount importance. The fact of the matter is
they demonstrate the principle possibility, hish sustainability and cost effectiveness of rational utilization
of toxic sulfur containing sludge. When treated by pyrite cinder, hazardous sulfur oxide in the slugde
composition is transformed into low-toxic sulfur oxide, i.e. could be fully utilized in the composition of
chipcrete concrete. It is rational to utilize these raw mixtures by adding vegetation residues, such as stems
of cotton plant or other organic components used for manufacturing of lightweight chipcrete concretes. In
the course of the research, physical and mechanical properties of sulfur contatining specimens have been
also determined. The results of findings are given in the table 7.

Table 7 — Characterisitcs of sulfur contating binders with addition of sulfur

- o
Binder’s composition,% . ; Ultimate strength, MPa
N Sulfur Pyrite Water Dry density, kg/m
o h Cement . .
cepsl, % cinder Bnaxnocts compressive bending
1 8 18 64 9.89 1590 64.7 8.53
2 12 18 70 9.12 1570 66.5 9.14
3 13 20 67 9.27 1590 74.5 10.9

It was stated that insertion of technical sulfur additive in the amount of 8-13% increases ultimate
compressive strength of the specimens made from the mortars with water-solid ration equal to 0.385 in a
wet and dry state. The furthre increase in the amount of technical sulfur additive leads to lowering strength
properties of the mortar, along with that, regularity of strength change for all the specimens are similar.

Discussions. It is known [1-20] that increase in capacity of reaction of the binder’s components at wet
milling is achieved not only due enhancement of dispersive capacity in liquid phase but also by the change
of crystal structure, particles shape that preconditioned intensifying the coagulation process of sulfur
containing mixture. Along with that, chemical and mineralogical composition of an initial binder remain
stable. The activation mechanism involves interaction of newly exposed surfaces of binder’s particles at
wet milling, i.e. adding mechanical and chemical-energetic momentum to each particle. It could be
mentioned that activation mechanism includes increase in forces of interionic mutual attractions and
appearance of surface valence forces when nanoparticles of colloid system attract to each other. The
obtained research results provide basis for a conclusion that by activation and detoxication of industrial
by-products it is possible to obtain sulfur containing binders with advanced physical and technical
characteristics.

Conclusions. It was stated that technical sulfir, pyrite cinders, by-products of oil and gas industry and
metallurgy are effective additive in iron and sulfur containing compositions providing increase in strength
properties, lowering sorption humidity and water absorption of lightweight concretes.

The obtained results of thermodynamic analysis give evidence of the possible binding of sulfur and
iron oxides when exposed to mechanical impact at the temperatures proximal to standard ones. It was also
confirmed that the essence of activation mechanism of sulfur containing compositions is in interaction of
newly etched surfaces of binder particles at wet re-grinding. Along with that, the process of binding
mixture coagulation is intensified and rapid development of crystal grid occurs due to crystallohydrate
formation.

In the course of experiments it was also stated that additives on the base of technical sulfur, a by-
product of oil and gas industry, enhance physical and mechanical properties of iron- and sulfur containing
cement stone. Thus, introduction of iron- and sulfur containing addtivies in the amount of 8-13% ensures
the increase in strength up to 74.5 MPa, whereas binding components (cement 67%pyrite cinder
20%-+sulfur 13%) in the mixture composition by weight.

Thus, proposed binding compositions increase their strength by a factor of 1.5-2.5 over time when
compared with initial strength. This is explained by the optimum composition of iron- and sulfur
containing binding compounds and the conditions of their hardening. The developed iron- and sulfur
containing composites can be applied in the production of effective concretes, walling materials as well as
industrial and civil engineering structures.
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10.A. CokouoBa’', M.B. AKyJ'IOBaz, B.P. l/lcaKyJ1033,
A.T'. CoxoaoBa', B.B. Kyismapos®, A.B. Hcakyios*

'Mockey MeMIeKeTTIK Kypblbic yHHBepcHTeTi, Mockey, Peceit;
2/BaAHOBO MEMIIEKETTIK MOJIUTEXHUKAJIBIK YHUBEpCcHUTETi, iBaHOBO, Peceii;
3 «Boitimes yHHBepcHUTETI» Mekemeci, Akrebe, Kazakcran;

* K. )Ky6anoB atsiHaarsl AKTeOe oHipiiK yHHBepcHTeTi, AKTo0e, Kazakcran

MYHAM-T'A3 OHEPKOCIBI KAJJIBIFbIH JETOKAKAIIASJIAY APKBLIbBI
KOHCTPYKIUSLIBIK KYPBLIBIC MATEPUAJIJAPBIHA TEMIPJII-KYKIPTTI
BAUWJIAHBICTBIPFBIIITAP/BI AJTY

AnHoTanus. J)KyMbICEIMBI3/1a KOIT TOHHAIBI YBITTHI OHEPKACII KaJABIKTAPbIHBIH KOPIIaraH OpTara TepiC acepiH
JIETOKCHKAIAJIAY >KOJIBIMEH a3alTy 'KOHE OJIapAbl KYPBIIBIC MaTepHanJapblHa THIMII TYTKEIp OaiIacThIpFBIIN MaTe-
puanmap peTiHae maimaiaHy Mocelelepi KapacThIpbUIAbl. FRUTBIMEU 3epTTeyiep Kyprizy yuiH auddepanuusims-
TEPMUSIIBIK, PEHTIeH-(ha3alIblK, MUKPOCKOIMSIIBIK TalJay >KOHE ChIHAY >KaOIbIKTapBIHBIH 3aMaHAy! OMICTEpiH Maii-
JaJlaHy HETi31HIe ajbIHFaH TEeMipi-KYKipTTi OaiIaHBICTBIPFRINTAPAAH NaspilaHFaH YITi TAaCBIHBIH (DHU3HUKAJIBIK-
MEXaHHKaJbIK KACHETTEPIiH TallayAblH CTaHAAPTTHI SicTepi naiiianaHbUIAbL.

DKCIEPUMEHTTIK 3ePTTEYJIep XKYPrizy Ke3iHIe TeMIpii-KyKIipTTi KOCHaJap[blH opOip OesieriHiy KOChIMIIA
OCIICCHIUTITIHIH 9CEePiH apTTHIPY YIIiH oJjiap Oipre yCakTasbIll KOJIIAHBUIIABI )KOHE COHBIH HOTHIKECIHIE XUMHUSIIBIK
KacuerTepi OoWbIHIIA Kapama-Kapchl CHNaTramajapbl 0ap KaTThl YBITTHI KJIIBIKTapIbl e3apa OeirapantaHubipy
JKOHE JIETOKCHKauusuiay >Kypriziani. KypambiHna Kykipr 0ap KocmanapibslH KYpaMblH ajJIbIH ajla aHBIKTay JKOHE
OerncenneHipy OONBIHINIA THKIPUOETIK-IKCIIEPUMEHTAIABIK JKYMBICTAp/Ibl JKYPri3y YHTaKray Iap AWipMeHI KOH-
CTPYKIISUTIAPBIHA YCAKTay JKOHE COKKBI Oepy omicTepi apKasbl iCKe achIpbUIagbl. OHEPKACINTIK KaJABIKTapAbIH
MEXaHUKAIBIK-XUMIBUTBIK, OCJICEHIUIITIH OipiKTipy KYMBICH YIepiciHIe KYPBUIBIC MaTepHajlapblH OHIIpy YIIiH
KypaMBIHIa KYKIpT 06ap OIMKi3aT KOCHalaphl apKBUIBI Cy KOCHIM, ©HEPKACINTIK KAIIBIK KYPaMBIHIAFBl XUMHUSITBIK
3USIHIBI 3aTTapAbl ©3apa OedTapantaHablpy Sfici mainamaHeUIAbL. By omicTep TYTKBIp 3aTTHIH Oip OeiriH MyHai-
ra3 )KoHE MeNaJUTyprus eHepKICiOiHIH YBITTHI KaJABIKTApEIMEH aybICTHIPY €CeOiHEH MIBIFBIHBIH a3aiiTyFa MyMKIH/IIK
6epeni. KypaMmbiHaa TeMip-KyKipT 6ap TYTKBIp YATiUIepiHiH CHIIaTTaMmaiapsl MeH KacueTrtepin 7, 14 xone 28 Toy-
JIKTIK Me3rijie TaOuFH sKaraaiijia, *buly KoHE KbUTY bUIFAJIBUIBIFBIH OHJICYICH KeHiH 3epTTei.

Taburu xarmaiiga 14 Toynik Mep3iMiHe Kapall KypamblHAa KaTThl TeMIp-KYKIpT Oap TyTkbeipiap 62,0 Mlla
KBICBUIFaH Ke3/1e OepiKTIK IeriHe »keTTi, 28 Toynik mesrininne 66,5 MIla 6epik Oosa TyceTiHiH aHBIKTaAbIK. JKbLTy
BIIFAJIABUTBIFBIH OHJICY/ICH 6TKEH OChI KypaM 28 Toyinik yakbIThiHIa 74,5 MIla ceiryna Oepik 6osaabl api Oy KLy
BUIFAJIABUIBIFBIH OHJIEY KYPaMbIH/IA TEMIp-KYKIpPT 0ap TYTKbIp OEpiKTITiHIH >KUBIHTBIFbIHA KOJAWIbI ocep eTeTiHiH
KepceTeai. AJBIHFaH 3€pTTeY HOTWKEIEPIH KYPBUIBIC callachblHA EpITIHIUIEp MEeH OeTOHAApIbl NalblHAAy Ke3iHne
TUIMAI TYTKEIp 3aT peTiHe maiinaranyra 0omaabl.

Tyiiin ce3aep: akTHUBTEHIIPY, MEXaHOXUMHSIBIK OHJEY, OHEPKOCINTIK KaIIBIKTapAbl IETOKCHKALUsIIAY,
3UAHIBI 3aTTapAbl OeHTapanTaHABIPy, TEPMOAMHAMUKAIBIK €CenTeyiep, KYpaMbIHIa TeMipli-KYKipTTi OaiimaHbIC-
TBIPFBIINTAp, YIIBAJICHTTI TEMIp, TOTBIFY, KAJIBIHA KENTIPY, CBIFY Ke3iHAeTi OepiKTiri, MUPUTTIK KbIIIKBII, KYKIpT.

10.A. Coko.oBa', M.B. AKyJIOBaz, B.P. I/IcaKyJIOB3,
A.I'. Cokosioa', B.b. Kyasmapos®, A.B. Hcaky.ios*

'MocKoBCKHit rOCY 1apCTBEHHBIH CTPOMTENBHBII yHIBepcuTeT, Mocksa, Poccus;
*BaHOBCKHIi TOCYIapCTBEHHBII ONNTEXHUUECKHUil yHIBepcuTeT, BanoBo, Poccns;
*Banes yuuBepcutet, AkTobe, Kasaxcram;

4 o o
AKTIOOMHCKHI pernoHansHBIN yHUBepcuTeT UM. K. JKybanosa, Axtobe, Kazaxcran

JETOKCHUKAIIASA OTXOJIOB HE®TET'A30BOM MPOMBINIJIEHHOCTH
C NIOJYYEHHMEM KEJIE30-CEPOCOJEPKAIINX BAXKYILIUX
JJIA KOHCTPYKIIMOHHBIX CTPOUTEJIBHBIX MATEPHUAJIOB

AnHoTtanusi. B paboTte paccMaTUpUBalOTCS BONPOCH 110 YMEHBIIEHHUIO OTPULATENHFHOTO BIUSHHUS MHOTOTOH-
Ha)KHBIX TOKCHUYHBIX MPOMBIIIUIEHHBIX OTXO/0B Ha OKPY’KAIOIIYI0 CPEIy MyTeM NETOKCHUKAIMM U HCIIOIb30BaHUE UX
B KadecTBe 3()(EKTHBHOTO BSDKYIIETO VISl CTPOUTENBHBIX MaTepHaioB. [y mpoBedeHus] HayYHBIX HCCIIEIOBAaHUN
UCIIOJIb30BAINCH CTaHAAPTHBIE METOJIbI aHANN3a (PU3UKO-MEXaHMUECKHX CBOMCTB KaMHS XKeJIe30-CepOCoIepiKaIlIero
BSDKYILIETO, TOJYYEHHBIX C MCIIOJIb30BAHHEM COBPEMEHHBIX METOIO0B AH((PepannaibHO-TEPMUUECKOTr0, PEHTTEHO-
(ha30BOr0, MUKPOCKONIMYECKOTO aHAIN3a U HCIIBITATEIFHOTO 000pynoBaHus. [Ipy mpoBeaeHNN SKCTIepUMEHTATBHBIX
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uccIeOBaHUN Obllla peann3oBaHa Hay4yHas TMIOTE3a, Y9TO AU MOBBIMECHUS 3((eKTa JONOTHUTEIBHON aKTHBALMN
KaXJIOH YacTHIIBI JKEJIe30-CepOCOAEPKaIINX A0OABOK NMPHUMEHSAIOCh MX COBMECTHOE M3MEIbUCHHE, B pE3yibTaTe
Yero NMpOMCXOAWIA B3aWMHAs HEHTpanM3amysi U JAETOKCHKALUS TBEPABIX TOKCHYHBIX OTXOIOB, MMEIOIINX OCOOBIE
MPOTUBOIOJI0XKHBIE XapPaKTEPUCTUKH T10 XUMHUYECKUM CBOMCTBaM. IIpu NMpOBENCHNHU ONBITHO-IKCIIEPUMEHTAIBHBIX
paboT Mo MpeABapUTEILHOMY ONPEIEICHUIO COCTaBa M AKTHBAILMHM CEPOCOAEPKAIINX J00ABOK BIAKHOE HM3MEIb-
YEHHE MPOUCXOAUIIO HAa KOHCTPYKLHMSAX IIAPOBOM MEIbHMIBI, 332 CUET MCTUPAIOIIMX M YIJApHbIX BO3JEHCTBUH. B
mpouecce pa60T1>1 COBMeHJ,eHHOﬁ MEXaHOXUMHYECKOM AKTHUBAIIUU ITPOMBINUICHHBIX OTXO0A0B, B IPUCYTCTBUU BOJbI, C
MOJIyYEHUEM CEpOCOJIepXKAIUX CBIPHEBBIX CMeced sl MPOU3BOJACTBA CTPOHUTEIBHBIX MaTEpPHAJIOB HCIOJNb30BaH
METO B3aUMHOM HeﬁTpanmauI/m XUMHUYECKU BPEAHBIX BEHICCTB, HAXOAAIMXCA B COCTABC MPOMBIIIICHHBIX
0TX0/1aX. DTH METO/IBI ITO3BOJISIIOT COKPATHTh PACXO/] BSDKYIIErO BEIECTBA 3a CUET 3aMEHBI €r0 YaCTH TOKCHYHBIMU
0TX0/1aMH He()TEra30BOH M MEJIAJLUTypPriuuecKoil MPOMBIIIIEHHOCTH. XapaKkTepHUCTUKH M CBOMCTBa 00pa3LioB JKele30-
CepOCOAEPIKaIEro BXKYLIEro u3ydanu B 7, 14, u 28 cyTOUHOM BO3pacTe B €CTECTBEHHBIX YCIOBUSX TBEPACHHU U
MIOCJIE TETJIOBOW M TEIUIOBJIAXKHOCTHOW 00paboTku. Hamy ycTaHOBIICHO, YTO XKEJIE30-CEpPOCOIepKAIINE BSDKYIIHE,
TBEPJCBIINX B ECTECTBCHHBIX YCIOBUAX K [4-CyTOYHOMY BO3pacTy HMEIOT INpeAeN IMPOYHOCTH TPH COKATHU
62,0 MIla, B 28-cyTO4HOM BO3pacTe NOCTUTAETCS MPOYHOCTH 66,5 Mlla. DTOT ke cocTaB, MPOIIEANINA TETIIOBIaXK-
HOCTHYIO 00pa0oTKy, B 28-CyTOUYHOM BO3pacTe UMEET NMPOYHOCTh Npu cxkatuu 74,5 MIla, 4To cBUAETENLCTBYET O
TOM, YTO TEIUIOBJIQXKHOCTHAs 0OpaboTka OJaronpusTHO BIUSAET HAa HAOOp MPOYHOCTH JKEIEe30-CEpOCOIeprKallero
BsoKyIero. IlomydeHHble pe3ynbTaTel HCCIEIOBAHMNM MOYKHO HCIIOIb30BaTh B KauecTBE 3(P(PEKTUBHOTO BSIKYIIETO
BEILIECTBA IIPH U3TOTOBJICHUHU PACTBOPOB U OETOHOB JUIsl CTPOUTENILHOM OTPACIIH.

KiroueBble cjioBa: akTHBAIMs, MEXaHOXMMUYECKas 00OpaOOTKa, NETOKCHKAIMS MPOMBIIUICHHBIX OTXOJOB,
HeWTpanu3ays BpEeIHBIX BEIIECTB, TEPMOANHAMUYECKHE PacUeThl, JKEJIe30-CepOoCcoIepiKalllie BsDKYIINE, TpeXBa-
JICHTHOE eJIe30, OKHCIIEHHE, BOCCTAaHOBIICHNE, IPOYHOCTH TIPH C)KATHHU, TUPUTHBIN OTapoK, cepa.
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