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SELECTION OF INITIAL CHARGE MATERIALS FOR MUD
PROTECTION STRUCTURES

Abstract.In this article we consider the selection of initial charge materials for structures of mud protection
structures. To study the development of the optimal content of the composite material used to erect a protective
structure, it is necessary to determine their physicochemical properties of the starting charge materials. As initial
charge materials in the form of fillers, the use of Karaganda steel melting slag waste from Arcelor Mittal Temirtau
JSC plant, granulated electrothermophosphor slag of Novo Zhambul Phosphor Plant, and mineral wool as micro-
reinforcement are proposed.The waste of slate-pipe production and Portland cement of M300 grade are used as
binders.X-ray phase analysis of samples of electrothermophosphor slag and steel-smelting slag was carried out on a
DRON-3 instrument in the angular interval 8-640.

Key words: Electrothermophosphor slag, steel-smelting slag, composite material, mud protection structures.

Introduction.In modern conditions, when the activation of dangerous geological processes is
influenced by human economic activity as well as natural factors, the problem of implementing effective
protective measures and structures with the current degree of development of mountainous and foothill
areas acquires a mass significance for the state.Dangerous geological and natural processes determine the
conditions for economic development of the areas, as intensive development causes serious difficulties for
the construction and operation of various structures; therefore, it requires taking preventive protective
measures.

The development of a general line in the implementation of engineering protective measures and facilities
without an analysis of the current conditions of the protection systems is impossible [1].

The bulk of the constructed facilities on the territory of the Republic of Kazakhstan played a positive
role in reducing damage during the passage of debris flows and is ready to fulfill its functions in the
future.

A number of facilities have been destroyed as a result of extreme situations of natural disasters, such
as mudflows, avalanches, landslides which can be an example of the inefficient design solutions. Part of it
fell into disrepair due to inadequate ongoing and major repairs during operation.The imperfection of
protective structures and the fragility of their functioning is largely determined by the lack of the
necessary regulatory framework for their design, construction and operation.

Methods of research.To study the development of the optimal content of the composite material
used to erect a protective structure, it is necessary to determine their physicochemical properties of the
starting charge materials.As initial charge materials in the form of fillers, the use of Karaganda steel
melting slag waste from Arcelor Mittal Temirtau JSC plant, granulated electrothermophosphor slag of
Novo Zhambul Phosphor Plant, and mineral wool as micro-reinforcement are proposed.The waste of
slate-pipe production and Portland cement of M300 grade are used as binders.

Chemical content of Portland cement in% of mass:Al,O; — 4.00, Fe,O; — 4.04 CaO -65.70, MgO —
1.93. SO; -2.5, Si0,-21.50. Chemical composition of mineral wool wastes, in% by weight:Al,O; — 9.7,
Fe,05 -1.6, CaO — 39.0, MgO — 2.2, S0;-0.9, Si0,-45.80.Chemical composition of waste of slate-pipe
production, in% of mass:Al,O; -3.85, Fe,03-4.145, CaO -50.0, MgO — 53.5, SO3-1.65, Si0,-20.80.
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Physico-chemical analysis of slags in the scanning electron microscope ISM-6490LV. Chemical
content of steelmaking slag (Karaganda city), in% of mass:Na - 0.83, Na,O -1.12, Mg -5.25, MgO - 8.70,
Al - 5.59, AL,0; - 10.56, Si — 15.40, SiO, - 32.95, S - 1.32, K - 0.89, K,0 - 1.07, Ca — 28.21, CaO - 1.07,
Ti-0.55, TiO,— 0.91, Mn — 0.46, MnO — 0.60, Fe — 0.81, Fe,O; — 1.15, Ni—0.22, NiO - 0.27, O — 40.47.

0 1 2 3 4 5 B T i g
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Figure 1 - Spectral analysis of steelmaking slag (Karaganda city).

Chemical composition of electrothermophosphor slag (Taraz city), in% of mass:F — 4.83, Na — 0.31,
Na,O — 0.42, Mg — 1.47, MgO — 2.44, Al — 2.14, Al,0; — 4.04, Si — 17.69, SiO, — 37.84, P-0.64, P,Os —
1.47,S-0.22, K - 0.84, K,0 — 1.01, Ca — 33.53, CaO — 46.91, Ti — 0.09, TiO, — 0.14, Fe — 0.28, Fe,0; —
0.40, O -37.97.X-ray phase analysis of samples of electrothermophosphor slag and steel-smelting slag was
carried out on a DRON-3 instrument in the angular interval 8-640.

The diffractogram of electrothermophosphor slag shows that the sample has mainly a vitreous phase.
The components of the crystalline phase are calcium pyrosilicate Ca;Si,O; with values of interplanar

distances% =2.89-2.68-3.07A° and calcium metasilicate CaSiOs c% =2.97-3.83-3.52A°. In small amounts
melilite of variable composition is present from 2CaO ¢ Al,O; ¢ SiO, to 2Ca0 * Mg * 2Si0, with values of
interplanar distances %= 3.07-2.85-2.45-2.04-1.93-1.82-1, 51A".

The presence of merwinite (3CaO * MgO « 2Si0O,) with analytical lines% = 2,867-2,69-2,21-2,03-
1,87A° was established on the diffractogram of the steel-smelting slag. The intensity of the diffraction
maxima c% = 4.15-3.64-2.88-2.69-2.53-1.83A" indicates the presence of monticellite (CaO » MgO * SiO,)

. . . . . . . . d
also in the sample there is an iron-containing phase-wustite (FeO ) with values of interplanar dlstances; =

2.14-2.468 - 1.51A".

The results of the physical-chemical and X-ray-phase analyzes made it possible to recommend the
optimal content for composite materials production, which has a low cost for use in the construction
industry and waste disposal in industry.A composite content of composite material including Portland
cement, waste of mineral wool and slate-pipe production, electrothermal phosphorus slags and
steelmaking slags was developed.

—— Y4 ——
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Results of the study. On the basis of an analytical review of domestic and foreign literature and
patent sources, research tasks have been carried out to develop more robust composite materials for the
production of mud protection structures.

To propose for discussion in the Ministry of Emergency Situations of the Republic of Kazakhstan
"Kazselezashchita" the results of the study, in order toallocate funding for carrying out after a detailed
study and obtaining a sample of a mud protection structure, as well as testing its model shape in
conditions close to real.

The discussion of the results.The most difficult task for science in the field of engineering
protection of territories is how to predict the approach of danger and what measures to take to reduce the
risk of natural disasters. With a scientifically substantiated approach to solving these problems, it is
possible to save huge material resources, improve the ecology, and, most importantly, preserve people's
lives.

Conclusions. Dangerous natural processes of exogenous origin of mud flows are widespread in the
mountainous regions of Kazakhstan, occupying about 10% of its territory. About one-fourth of the
republic's population lives in areas that are more or less susceptible to the effects of dangerous processes,
and about a third of its economic potential is concentrated.

At present, the natural risk caused by the manifestations of dangerous processes exceeds the
acceptable level. The existing system of measures to prevent damage is not entirely adequate to threats.
The schemes of protection of territories from dangerous processes developed in the 1980s have not been
fully implemented and are now largely outdated. This is due, on the one hand, to the appearance of more
progressive methods of protection, on the other hand, with the appearance within the zones of exposure of
dangerous processes of new economic objects, often erected without regard for natural hazards.

General schemes for protecting the population and territories from hazardous natural processes
should include the full range of protective measures, not limited to, as was the case in the schemes of the
last century, only engineering facilities.

The results of the conducted experiments and industrial tests made it possible to recommend the
optimal composition for the production of strong bending mud protection structures, which has a low cost
for use in the construction industry. Resource-saving and energy-saving technologies were developed with
the use of production wastes, phosphorus, steel, mineral wool and slate-pipe production.
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K.T. Hypraii, A.C. 'Haykenosa, 'K.C. Jocanues, ZAA Kopaoek, 'ILK. lllanaso

'M. Oyesos arsiHmarsr OHTYCTiK KasakcTaH MEMIICKETTIK YHHBEPCHTET;
*KaparaH/Ipl MEMJICKETTIK TEXHHKATIBIK YHHBEPCHTETI

CEJIIEH KOPFANUTHIH KOPFAHBIC KYPBLIBIMJIAPBI YIITH BACTAINIKbI IIUKIZATTAPIBI TAHJIAY

AHHoTaumsi: Byl Mmakamazna cenjieH KOPFaWThIH KOPFAHBIC KYPBUIBIMIAPBIH YINiH OacTamkbl LIMKi3aTTapAbl TaHAAY
KapacThIpbliIraH. KopraHbIC KYpBUIBIMBIH TYPFBI3yFa apHaJIFaH KOMIO3HLMSUIBIK MaTepUajblH OHTAMIbl KYPaMbIHBIH 3€pPTTEY
yIIiH, OacTamKpl INHKIi3aTTapAblH (QH3HKAJIBIK-XUMUSUIBIK KACHETTEPIH aHBIKTAy KakeT. bacTamkel IIHKi3aTTap peTiHae
Kaparauns! kanacsianarsl AK «Apcenop Mutrran Temupray» 3aybITBIHEIH 00J1aT OaNKbITy KalIbIFBIHBIH NITarsl, XKaHa skaMObLT
(ocdop 3aybITh KaJABIKTAPBIHEIH 3IEKTPO TepMOPOoCchOpIIbl IIIATkl XKIHE MUKPO KYLISHTY peTiHlIe MUHEPAabl MaKTa aJIbIH/bI.
CoHBIMEH KaTap TYTKbILTAap peTiHae mudepmi-KyOblp oHIipiciHiH Kanaslkrapsl MeH M300 mapkaibl IOPTIaHALEMEHT
KOJIIQHBLIIBI. DIeKkTpoTepModocdopiisl xkoHe 6onat 6ankbiMa HUIAKTapbIHBIH peHTreHo-(a3ansik tanaaysl JJPOH-3 kypansiaa
8-64" GyphIIITap APAKAIIBIKTHIFEIHAA HHTEPBATBIHAA) KACATBIHIBI.

Tyiiin ce3xep: DnexTporepmodochopibl muiak, 6onaT GaaKpiMa MUIAK, KOMIO3UIMSIBIK MaTepHall, CENACH KOPFAaHThIH
KOPFaHbIC KYPBUIBIMAAPHI.

2K.T. Hypraii', A.C. Haykenona', K.C. locaiues', A.A. )KopaﬁeRQ, IILK. [llanasos’

'FOsxH0-Kasaxcramckuit rOCYJCpPCTBEHHBIH YHUBEpCUTET UM. M. Aye3oBa
ZKapaI‘aH,E[I/IHCKI/Iﬁ TOCYAApCTBEHHBIN TEXHUYECKUH YHUBEPCUTET

MOJABOP UCXOJAHBIX IIUXTOBBIX MATEPHUAJIOB JJISI CEJIE3AIIIUTHBIX KOHCTPYKIINIA

AHHoTaums. B nanHoli crathe paccMaTpHUBAIOTCS MOAOOP MCXOAHBIX IIMXTOBBIX MAaTEPHAJIOB JUIl KOHCTPYKLMH ceie3a-
IIUTHBIX COOpY)XeHUH. [ M3ydeHHs pa3paOOTKHONTUMAIBHOIO COCTaBa KOMIIO3HIMOHHOTO Marepuaia, HPUMEHIEMOro IJIs
BO3BE/ICHHS 3AIMTHBIX COOPYXCHHH TpeOyeT HeoOXOAMMOCTH ONpENENeHHS MX (DM3UKO-XMMIYECKHX CBOFCTB MCXOIHBIX IIHMXTOBBIX
MaTepHaoB. B kauecTBe MCXOMHBIX IMMXTOBEIX MaTEpHAIOB B BUJE 3aMOIHUTENCH IpeioraeTcsl IpuMeHeHne orxonoB Kapa-
TaHAWHCKOTO CTaJlelUIaBIIbHOTO nuIaka 3aBofa AO «Apcenop Murran Temupray», rpaHyIHpOBaHHEIA 31eKTpoTepModochop-
Hblil nak Hoso [IxamOynckoro ®ocdopHoro 3aBoma, a MUHepainbHas BaTa Kak MUKpoapmupoBaHue. OTxox mmgpepHo-Tpyo-
HOTO IPOU3BOACTBA M MOpTIaHAleMeHT Mapk M300 npumeHsMble Kak BsDKyinue. VcciaenoBaH peHTreHO-(a30BbIH aHAIU3 00-
PA3IOB 3MEKTPOTEPMODOCHOPHOTO IITAKA H CTANCIIIABHIBHOTO [ITAKA IPOBOMIICS Ha pubope JIPOH-3 B nuTepBae yrios 8-64°.

KiroueBble cioBa: OnekrporepModocOpHBI  LITaK, CTaNCIUIABWIBHBIA IIUIAK, KOMIIO3MLMOHHBIH MaTepua,
ceJle3aluTHbIC KOHCTPYKLIHH.
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