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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 geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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COMPOSITE CEMENT-ASH-SLURRY COHESIVE
COMPOSITION WITHINCREASED ADHESIVE PROPERTY
TO SOLIDORGANIC FILLERS OF ARBOLITE-CONCRETE

Abstract. Steppe areas of Central Asia are rich in agriculture plant waste in the form of fibrous stalks of cotton,
cane stems, rice straw and husks, kenaf and hemp fires and so on that are used in production of various arbolites. The
technologies of neutralization of Cement poisons in them allow their use as an organic filler in the composition of
arbolit concrete. Likewise, significant amounts of solid waste of agricultural by-products in the form of walnut
shells, that lacks a fibrous component are accumulated annually in the region. Compared with fibrous organic fillers
they are more durable, light and less elastic-plastic. However, for their application in the composition of arbolit
concrete as an organic filler, it is necessary to develop a composite binder with increased adhesion ability to solid
organic waste.

Key words: bauxite slurry, flue ash, complex electromechanical activation; chemical additives, neutralization
of cement poisons, arbolit concrete, solid waste of agriculture by-products, walnut shell, adhesive ability.

Introduction: The intensive development of industry in the world leads to deterioration of world
ecological situation. Therefore, recycling of industrial and agricultural wastes in production of building
materials acquires great importance. The papers [1-11] are devoted to solve this problem.

Growing volumes of construction cause in Central Asia a growing need for building materials, in
particular concrete. Arbolitic concrete with the existing technology of its production that requires a
significant consumption of cement binder assists to resolve this issue in the region with a hot climate. But
cement production plants in Kazakhstan do not cover the annually growing demand in cement that causes
its import from other countries. That’s why the development of composite binder with mineral waste
industry is becoming important in the region.

Materials: "To solve this urgent problem, we have carried out research into the possibility of obtai-
ning efficient cohesive compositions based on Navoin Portland cement and local wastes of mining and
fuel- power industry of the Republic of Kazakhstan."[12] The following have been used in the work [12]:

1. Portland cement of the Navoin cement plant, chemical composition and physical-mechanical
properties are given in tables 1 and 2.

Table 1 — Chemical composition of cement,% of mass

CaO SIOZ F6203 A1203 MgO SO3 Rzo p-p-p. z

61,48 23,38 6,09 6,38 1,09 0,60 0,38 0,60 100,00

Table 2 — Physical and mechanical properties of cement of the Navoin cement plant

Normal Commencement Theend Strength limit at compression, | Strength limit when bending,
density of dough of grasping of grasping R compression, MPa R bending, MPa
25,2% 2 h -39 min 4h - 29 min 42,7 5,7
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2. Bauxite slurry of Kustanai mining deposit in the form of powders, milled to the specific surface
according to PSC-2 (320-330 m*/kg) in accordance with GOST 13015.0, GOST 3476, GOST 10180,
GOST 7076, OST 67-11. Humidity of samples of bauxite slurry should be in the range of 20-30%, density -
2.60-2.86 gr/cm’, bulk density in the loosened state - from 1,1 to 1,3 gr/cm’ [13]. Applied during expe-
riments Krasnooktyabrsk bauxite slurry of the Kustanai mining field meets these requirements in its
characteristics. Table 3 shows the chemical composition of bauxite slurry.

Table 3 — Chemical composition of bauxite slurry

The loss of calcining, Oxides, wt.%

wt%o SIOZ A1203 + T102 F6203 CaO MgO N302 + Kzo other
7,3 18-22 40,8 £2.2 23-27 2,9-5,0 0,2 0,5 0.7

3. Barium Chloride (BaCl,) is technical, satisfying the requirements of GOST742.

4. Fly ash of Nukus TPP as an active mineral additive satisfying the requirements of GOST 10181
and GOST 25592 and having the following characteristics:

- specific surface area - 2530 cm?/gr;

- absorption activity - 31 mg/gr;

- true density - 2050kg/m’;

- bulk density - 950 kg/m’.

The chemical composition of fly ash is presented in table 4.

Table 4 — Chemical composition of fly ash

The loss of calcining, Oxides, wt.%

wt% SiO, A1,0 ; +TiO, Fe,05 CaO MgO NaO, SO, other

733 48,53 23,92 5,94 9,00 1.90 0,18 052 | 2,68

5. Water tap water that meets the requirements of GOST 23732-2011 "Water for concretes and
solutions".

Methodology. For the purpose of controlling the processes of structure formation of binders the work
was carried out in the following technological sequence [12]:

- preparation of fillers by granulometric composition;

- preparation and dosage of cement ash binder;

- preparation and mixing of a certain amount of water (the mass of which corresponds to the mass of
ash sludge) with barium chloride taken in the amount of 1% of the total mass of the cohesive mixture;

- loading into a rotary electro-polarizing mill of dosed quantities of water with a chemical additive
(electrolyte), ash and slurry at B/3 = 1.0;

- transmission of electric current through the binder during the wet remilling every 5 min.

The total duration of the activation process is 20 min. Options of the created electric field in a labo-
ratory electro-polarization mill makes a voltage in the range from 30 to 60 V;

- since the indicated activation time expires a 55% cement of the total mass of the binder and
missing amount of water are added to the mixture of ash and slurry before reaching W / C 0,6;

- joint grinding for 10 minutes with simultaneous transmission of electric current through cement-ash
slurry (CAS) cohesive mixture with an interval of 2 minutes;

- stop the mill and unload the finished material.

Used during the experiments Krasnooktyabrsk bauxite sludge of Kustanai mining deposit and fly ash
of Nukus TPP were crushed to specific surface area according to PSC-2 (320-330 m” / kg) in accordance
with GOST 13015, GOST 3476, GOST 10180, GOST 7076, OST 67-11 in a ball laboratory mill MShL-1P.

Normal density, setting time was determined in accordance with GOST 25820. Strength of the
binding mixture was determined according to GOST 3476, GOST 7473. The test of the binder mixture
was carried out in accordance with GOST 310.1, 310.2, 310.3, 310.4, 25820, 10060.3.
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The samples were compacted for 3 minutes on the VS-1 vibration pad. Studyhas been carried out on
the samples after steaming and after heat moisture treatment.

The compressive strength (at bending) was determined on specimens-cubes with ribs 10 cm accor-
ding to the standard procedure and in accordance with GOST 10180.

For conducting experimental work on the investigation of electromechanical activation of the binder,
a laboratory installation was assembled and reconnaissance work to simulate the "principle of complex
electromechanical activation (KEMA)" in a simplified way has been carried out (figure 1).

4

Figure 1 — Circuit diagram for KEMA bindermanually:
1 — porcelain pestle; 2 — porcelain mortar; 3 — electrodes; 4 — cement paste

In experimental works, the laboratory transformer LATR-1M has been accepted as a source of
electrical current to create an electric field.

Necessary electrical output parameters for creating conditions for KEMA- voltage and amperage
have been measured by voltage and laboratory ammeter M 2051 [14-16].

Main part. Development of an effective binding compound with high adhesion solid organic waste
was carried out using the method of complex electromechanical activation. Composition of complex
electromechanical activated cohesive mixture includes portland cement grade 400 in the amount of 50 -
60%, fly ash in the amount of 30-40%, bauxite sludge in the amount of 5-15% and barium chloride in the
amount of 1% of the total mass of the cohesive mixture [15].

Cement-ash composition C:A - 55:35 at W/C = 0.6 has been taken as a cohesive composition. To
pass an electric current throughthecementdough porcelain mortar with a capacity of 1 liter has beenused,
and as a chopper - porcelain pestle (figure 1). Grinding was handled by abrasion and impact. To create the
largest electric field in the cement test, the design of electrodes is made in the form of plates of thin
stainless metal with a thickness of 0.5 mm. It was made to increase the area of contact with the cement
paste. The electric field has been created using a DC rectifier and laboratory transformer of alternating
current. The numerical value of the parameters of created electric current is taken in the range from 10 to
30 V. Integrated Electromechanical activation of cohesive compounds was carried out according to a
standard procedure [16-19].

To determine the effect of complex electromechanical activation physico-mechanical characteristics
of the stone of cohesive mixture has been studied. Physico-mechanical characteristics have been deter-
mined by the compressive strength of cohesive mixture stone of different compositions using traditional
method of obtaining complex binder with the help of joint grinding and using the method of complex
electromechanical activation (KEMA) during grinding. The results of samples testing of different
composition at a 28-day hardening time and different technological methods of activation are given in
table 5 [20].

From the experimental data, it can be seen that the composition No. 6 cement: ash: sludge (55:35:10)
with the use of KEMA, showed a compressive strength of 1.7 times higher in comparison with the ulti-
mate strength of conventional cement ash binder without additives of slurry and KEMA. Replacement of
5% ash on the slurry increases the ultimate strength of the stone of the binding compound by a factor of
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Table 5 — Compressive strength of cement-ash-slurry (CAS) cohesive mixture of different composition
for different technological methods

Composition No. Composition of the material, % Activation type* Streng that compression, MPa
1 Cem(e6r6t:: Zs(l)l :: i)l)u dge withouttreatment 29,8
3 0530410, KEMA o
4 Cem(e;g:z Zs(l)l :: 551;1 dge withouttreatment 28,5
; R
6 s KEMA il
7 Cemér:)t:: ezssh :: ssl)u dge withouttreatment 28,2
8 Cen(l;:(t)lt:: Z(S)h f(l)l;dge wetgrinding 40,4
9 0551 KEMA "

* KEMA-is a complex electromechanical activation.

1.5, and the additional treatment of KEMA increases it by 20%. Therefore, for further research, cement-
ash slurry cohesive (CASC) mixture of composition No. 6 with additional treatment of KEMA (table 5).

The results of the analysis of literature data show that improvements in the physico- mechanical
characteristics of complex binder composition using ash and sludge can be achieved by using chemical
additives. Therefore, in this paper, the influence of sodium chloride, calcium and barium chloride addi-
tives on the strength atcompression of complex cohesive composition stone has been studied. At the same
time, the influence of characteristics of KEMA - grinding time, type of electric current, voltage at strength
of the stone of the cohesive mixture of composition No. 6 (table 6) [20] has been studied simultaneously.

As experimental data shows, the process of complex Electromechanical activation proceeds more
efficiently with the addition of chloride barium (Table 6) that is the initiator of the physicochemical
process of cohesive mixture coagulation. As a result of electrocoagulation, dispersed particles of cohesive
mixture are polarized, and their mutual attraction occurs. And it strengthens structuring of the binding
system [16, 17, 21].

Table 6 — Effect of chemical additives and KEMA regimes on the compressive strength of CASC mixture stone

Test results of CAS samples of stone

Additives, V/C | Grindingtime, Type Voltage, on compressive strength,

% of mass cohesive min of electricfield \% MPa, after .... days
7 14 28

0,6 10 - - 8,1 1.1 28,7
Withoutadditives 0,6 10 Constant 25 9.8 12 lil 3 31,1
0,6 10 Variable 25 9,3 AL 30,2
. . 0,6 10 - - 9,9 19,6 30,7
?;d‘“mcm"“de 0,6 10 Constant 25 11,7 22,8 37,9
o 0,6 10 Variable 25 10,6 21,4 37,1
. . 0,6 10 - - 9,9 20,5 314
f;lmumcmorlde 0,6 10 Constant 25 12,0 23,9 40,8
o 0,6 10 Variable 25 11,4 232 39,5
. . 0,6 10 — — 11,1 21,3 33,2
?;““mcm"“de 0,6 10 Constant 25 15,7 31,2 51,4
o 0,6 10 Variable 25 14,2 26,4 50,6
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It was found that the addition of barium chloride in an amount of 1% of the total mass of the cohesive
mixture in composition No. 6 increases the compressive strength of composite stone up to 50.6 MPa with
an alternating current and 51.4 MPa with a constant current of activation (table 6).

It was also found out that with complex electromechanical activation an increase in the electrical
conductivity of the cement paste from 200 to 400 mA is observed [14]. With complex electromechanical
activation of the cohesive mixture (table 5) an increase in the strength of cohesive compounds by 50-60%,
respectively is observed at created tension in the mass of cohesive mixture 30-40 V.

From the results of experiments, it was established that KEMA process of particles of a composite co-
hesive mixture in an electric field of direct current is more effective than on alternating current (table 6) [14].

Thus, obtained experimental results confirmed the hypothesis of the possibility of obtaining a high-
strength complex cohesive mixture using KEMA. This served as the basis for further development of the
real method, based on the principle put forward.

Conclusions.

1. Central and Middle Asia are rich in organic agriculture waste and wood waste is a scarce material.
From the experimental data, it was revealed that the most effective binding material in the production of
Arbolitic concrete from organic agricultural waste, is a composite cohesive mixture based on Portland
cement with various active mineral additives activated electromechanically.

2. It is shown that Portland cement with the addition of high calcium ash and bauxite slurry, an
effective cohesive mixture can be obtained for use in production of arbolitic concrete.

3. To activate and improve the strength characteristics of cement ash slurry a cohesive mixture with
the addition of bauxite sludge method of complex electromechanical activation of binding material is
proposed as an effective method.

4. Developed composite cement-ash-slurry binding mixture allows to save consumption of cement, to
dispose mineral waste of Kazakhstan industry in the production of building materials, thereby improving
the ecological situation in the region.

M. A. A:xymabaes, X. T. Aoay/iaes, Y. K. Akuien
C. Boiiimnes anbiHgarsl AKTe0e yHIBepcuteti, AKTobe, Kazakctan

APBOJINTOBETOHHBIH KATTHI OPTAHUKAJIBIK TOJITBIPFBIIITAPBIHA KYINEATLITEH
AJITE3HOH/IBIK KABLTETTI KOMIIO3UIMOHALIK HEMEHTKYIIIIAMIbI
BAWJIAHBICTBIPFBII KYPAM

AnHoTanus. OpTaislK A3USHBIH JalalblK ayJaHaapbl 9p TYpii apOonnuTo-O0ETOHHBIH OHIIPICIiHAEe KONJAHBUIATHIH KEHIIIpP
MeH KeHa(ThIH, KYpill cabaFbIHBIH, KAMBIC KypaKTapbl MEH MaKTa ca0aKTapbIHBIH TAJIIBIKTHI ©CIMAIK KalgbIKTapeiHa Oaif. by
KaJIBIKTapJarsl EMEHTTIK yiapapl OelTapantanaslpy OOWMBIHIIA OHIEATECH TEXHOJOTHSIIAp OJapabl apOOIUTOOSTOHHBIH Kypa-
MBIHJ]a OpPTaHUKAJBIK TONTBHIPFHIII CHIATHIHIA KOJJaHyFa MyMKiHaik Oepeni. Conpaii-ak, aiMaKrTa TaIIIBIKTEI KYPACTHIPYIIBICH
JKOK I'PEK >KaHFaFbIHBIH KaOBIKTaphl CHAKTHI aybUI MapyallbUIBIFBIHBIH KOCAIKB! OHIMIEPIHIH KaJABIKTaphl eoyip KeJIeMae KbLT
calbIH JKHHAIBII Gapyaa. TalmbIKThl OpraHUKAIBIK TONTHIPFRIIITAPMEH CAIBICTBIPFaHAA oJ1ap OepiKTipeK, XKEeHUIIpeK jKoHe onap-
JIBIH CEepITiMiTi-TUIaCTUKAJBIK KacueTTepi a3. bipak, onapabl apooauTO6ETOHHBIH KypaMbIH/Ia OPTaHUKAIIBIK TONTHIPFBIII CUITAThIH-
Jia KOJIJaHy YILUIH KaTThl OPraHUKAaJIBIK KaJbIKTapFa KYLICHTIIreH aire3MOH/IbIK KaOiIeTTi KOMIIO3HULMOH/IBIK OalIaHbICTBIPFbIII
3aTTEKTI OHACY KaXeT.

Tyiiin ce3aep: OOKCHT IITaMBbl, YIITa KYJ, KEOICHAl JIEKTPOMEXaHUKAIBIK OCNCEHAIPY, XUMISIIBIK KOCTanap, IeMEHTTIK
ynapasl OefiTapanTanablpy, apOOIUTOOETOH, aybUl MAPyalIbUIBIFBIHBIH KOCATKBl OHIMAEPiIHIH KATThl KAIIBIKTaphl, TPEK KaHFa-
FBIHBIH KaOBIKTAphl, are3HOHIBIK KaOieT.

M. 1. xxymadaes, X. T. A0aynnaes, Y. K. Akuiien
AkTio0uHCKUH yHUBepcuteT uM. C. baumesa, Akrobe, Kazaxcran

KOMITIO3MLIMOHHBII HEMEHTO30/IbHOULTAMOBBIH BSIKYIIMIA COCTAB
C YBEJUWYEHHOM AJITE3NOHHOM CTOCOBHOCTHIO
K TBEPABIM OPTAHUYECKHUM 3ATIOJTHUTEJISIM APBOJIMTOBETOHA

AnnoTtamus. CrenHbie paifonbl [leHTpansHON A3uu OOraThl pacTHUTEIBHBIMU OTXOJAMH CEIBCKOTO XO3HCTBa B BHIC BO-
JIOKHHCTBIX cTeOJIei XII0MIaTHHKA, CTe0Iei TPOCTHHKA KaMblIIlia, PHCOBOW COJIOMBI M JIy3TH, KOCTPbI KeHada U KOHOILUIH U TaK Ja-
Jiee, KOTOPbIE UCIIONB3YIOTCS B IPOU3BOCTBE PA3IMYHBIX apOoIuTOB. PazpaboTaHHbIE TEXHOIOTUN HEUTPaIU3alliK LIEMEHTHBIX
SIIOB B HUX MO3BOJIIIOT MX HCIOJB30BAHNE B Ka4eCTBE OPTaHMYECKOTO 3allOHHUTEINS B cocTaBe apOonmuTodeToHoB. Takke B pe-
THOHE €KETOJHO HAKAIUTMBAIOTCS 3HAYMTEIIbHBIEC 3aIachl TBEPABIX OTXOJO0B MOOOYHBIX MPOJYKTOB CEBCKOTO XO3SIMCTBA B BHIE
CKOPJIYIIbI T'PELKUX OpPEXOB, B KOTOPBIX OTCYTCTBYET BOJIOKHHCTas cocTaBisiomasi. [1o cpaBHEHUIO C BOJIOKHUCTBHIMH Opra-
HUYECKVMH 3alOJIHUTEISIMUA OHH OoJiee MPOYHBI, JIETKH W MEHee yrpyromracTHdHbl. OIHAKO JUIS UX TPHMEHEHUS B COCTaBe
ap0OIUTOOCTOHOB B KAUECTBE OPTaHUYCCKOrO 3aMOJHHUTEINS HY)KHA pa3paboTka KOMIIO3HIIMOHHOTO BSDKYIIETO C YBEINYCHHOM
aJIre3MOHHOM CIIOCOOHOCTBIO K TBEP/IBIM OPraHUYCCKUM OTXO/aM.
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