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AHHOTANUA

Ilpeocmasnenvt pe3yrbmamol aHaIU3a GIUAHUSL KOMIIEKCHBIX Op2aHoMunepanviulx 006asok (OM]]) na usurxo-mexanu-
yecKkue noKasameny MeiKko3epuucmozo bemouna. B cocmae OMJ] exoounu: 060dcocénnas 6 mevenue 2 4acos npu memnepa-
mype 700°C noarumunepanvras enuna Hukumckozo mecmopooicoenus Pecnyonuxu Mopoosus (MI]), s¢huper nonuxapbokcuna-
mos SINTEFLOW MET'A 52 u cmecesas komno3zuyus na ocnoge uzonponanonamunosd ESP800 npouzeoocmea OO0 «Cunme3
Oxa — cmpoumenvhas xumusy. B kauecmese sapvupyemvix ¢paxmopogs ucciedosanucy: OnumenrbHOCMb HOMOA ROTUMUHEPATb-
Hou enunbl (2-4 uaca), codepacanue s¢gpupa nonuxapoorxcuramos (0,15-0,35% om maccor MJ]) u cmecegoii komnozuyuu Ha
ocHose uzonponaronamunos (0,1-0,25% om maccer MJ]). Boiaenenvt komniexcol OMJ], ucnoniv3oganue Komopulx ¢ cOCmagax
MENKO3EPHUCMBIX YeMEHMHBIX OEMOHO8 NO380JISIem NOLYHANb KOMHO3UMbL C NPOYHOCIMHBIMU NOKA3AMENAMU, HE YCIMYNnaio-
wumu be30obasounomy bemony. Ilokazarno, umo 3a cuem ésedenus 6 cocmas OMJ] nomumo munepanrbHbvix 000A80K HA OCHOBE
06021Co1CEHH020 2nuHUCmOo20 cbipbs (20% om maccul yemenma) spupa nonukapooxcunramos SINTEFLOW MET'A 52 u cmece-
601 KOMNO3UYUU HA 0CHOGe uzonponanoramunos ESPE00 603modicHo nosvlieHue npedena npoyHOCMU Ha pACmsdiCenue npu
uzeube, npedena NPOYHOCMU U MOOYISL YIPY2OCHU NPU CHCAMUU METKOZEPHUCTBIX YEMEHMHbIX OeMOH08 COOMBENICMEEHHO,
0o 11, 30 u 40%.
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ANALYZING THE INFLUENCE OF COMPLEX ORGANOMINERAL ADDITIVES ON
THE PHYSICAL AND MECHANICAL PARAMETERS OF MODIFIED FINE-GRAINED
CONCRETE

Nizina T.A., Volodin V.V., Matyakubov Ha., Matyakubov Hu.

National Research Ogarev Mordovia State University

ABSTRACT

The results of analyzing the effect of complex organomineral additives (OMA) on physical and mechanical properties of
fine-grained concrete were presented. The OMA composition included: poly-mineral clay of Nikitskoy clay deposit of the Re-
public of Mordovia (MA), fired for 2 hours at 700°C, polycarboxylates ester SINTEFLOW MEGA 52 and a mixture composition
based on isopropanolamines ESP800 produced by “Syntez Oka - Construction Chemistry” LLC. The following factors were
investigated as varying factors: grinding duration of polymineral clay (2-4 hours), polycarboxylates ester content (0.15-0.35%
by mass of MA) and isopropanolamines-based blending composition (0.1-0.25% by mass of MA). OMA complexes have been
identified, the use of which in the compositions of fine-grained cement concretes makes it possible to obtain composites with
strength characteristics not inferior to additive-free concrete. It is shown that due to the introduction of polycarboxylates ester
SINTEFLOW MEGA 52 and mixture composition based on isopropanolamines ESP800 in addition to mineral additives on the
basis of fired clay raw materials (20% by mass of cement) into the OMA composition, it is possible to increase the tensile
strength in bending, strength and modulus of elasticity in compression of fine-grained cement concrete up to 11, 30 and 40%,
respectively.
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BBEJIEHUE

CoBpeMEHHOE CTPOUTEIBCTBO MPEIBSBISICT BBICOKUC
TpeOOBaHUS K KAUECTBY, JOJTOBEYHOCTH M SKOHOMHUYCCKOM
3(h(HEeKTUBHOCTH HCIIOJB3YEMBIX CTPOUTEIBHBIX MaTepHha-
70B. B 3THX ycnoBHsAX pacTéT MHTEpEC K pa3paboTKe MOAU-
(DUIMPOBaHHEIX OETOHOB, COJIEPXKAIIUX KOMIUICKCHBIC
HATIOJTHUATENIN Ha OCHOBE MHHEPAIBHBIX U XUMHUYECKHUX JI0-
6aBok [1 — 3]. TpaguIMOHHBIE METOIBI YIyUIIEHH CBOMCTB
0OETOHOB, B YaCTHOCTH, MPIMEHEHHE MUHEPATBHBIX HAIIOJ-
HUTEJEeH M Pa3HOOOpa3HBIX IIACTUOUIUPYIOMHUX J00aBOK
y)Ke ToKa3aau cBow 3(h(dexTuBHOCTh. B mocnemHue rombl
0co00e BHIMaHHeE yIelIsieTCs KOMOMHUPOBAHUIO PA3IMYHBIX
BUJIOB JI00ABOK, YTO TO3BOJIACT CYIICCTBEHHO PACIIMPHUTH
uX (yHKIMOHAIbHBIE BO3MOXXHOCTH [4, 5].

OIHUM U3 MTEePCIICKTUBHBIX HATIPABICHUHN CHIDKCHHS Ce-
0EeCTOMMOCTH ¥ TIOBBIIMICHUS CBOWCTB IIEMEHTHBIX OCTOHOB
SIBIISICTCA WCIIOJI30BaHHE OPTaHOMHUHEPAIBHBIX J00aBOK
(OM), xoTOopBIC MPEACTABIAIOT COOOH KOMITO3UIIMA Ha OC-
HOBE MUHCPANBHBIX HAMOMHUTENCH W XUMUYIECKAX KOMITO-
HeHTOB [6]. crions3oBarne OM/] TO3BOMISET MOMYUIHUTD CH-
HepreTudeckuit 3pexT, KoTophiit odecrieunBaeT Ooee BbI-
COKHE JKCIUTyaTallHOHHBIC XapaKTEPHUCTUKHA OCTOHOB MpHU
OJTHOBPEMEHHOM CHI)KEHHH Pacxojia IIEMEHTa B HX COCTaBE
M0 CPAaBHEHUIO C TPAJUIIMOHHBIMHA MaTepuanami [7, 8].

Homenknarypa MuHEpaJbHBIX MOIM(PHUKATOPOB BKIIO-
YaeT BeCchMa INHPOKUH MepeueHb MaTepHaIOB IIPUPOIHOTO,
HCKYCCTBEHHOTO M TEXHOTEHHOTO Mpoucxoxaenus [8]. On-
HAKO WX OOBEMBI HE YIOBJICTBOPSIOT UMCIOIIUICS CIIPOC
MIPHU TIPOU3BOJICTBE CTPOUTEIHHBIX MAaTECPHAIOB HAa OCHOBE
[IEMCHTHBIX OCTOHOB, B CBSI3M C YeM B HACTOsAIICE BpeMs
UOYyT aKTUBHBIC HCCIICOBAHUS IO MOJIYYCHUIO MHHEPAIh-
HBIX J00aBOK O0KHUTOM MIHPOKO PACIIPOCTPAaHEHHBIX TIINHH-
cTeix mopox [9-19]. M3BectHo 3arymaromniee neiicTBre 3Ha-
YUTETHHOTO YHCIa MUHEPATbHBIX J00aBOK HA IIEMEHTHEIC
CHCTEMBI, 9TO TPeOyeT HCIOIB30BAHUS CyTIep- U THIIepILIa-
CTH(QHUKATOPOB, HAaUOOJBIIYIO MOMYJISPHOCTE CPEOH KOTO-
PBIX B MOCJICHUE TOIbI MPHOOPENH J0OABKH Ha OCHOBE I10-
JUKapOOKCUIATOB, B OCHOBHOM MMITOPTHOI'O POM3BOJICTRA.

B mocnennue roasl Ha POCCUHCKOM PBIHKE MOSBHIIUCH
3¢ eKTUBHBIE BOJOPEIYKTOPHI, IPEJICTABISIONINE COO0H
3(hUpHl TOTUKAPOOKCHUIIATOB — BOJOPACTBOPUMEBIE COIIOIH-
MEphI aKPUIIOBOH (METaKPUIIOBO) KUCIOTHI PA3INIHON MO-
JEKYISPHOU CTPYKTYPHI, BEIITyCKaeMBIE KaK B )KAIKOM BHJIE,
TaK ¥ B CyXOM. YUHUTHIBas, YTO CHHTE3 I(PHPOB MOIHKAP-
OOKCHIIATOB OCYIIECCTBIISIETCSI B BHAE BOJHBIX PAacTBOPOB C
MaccoBOH JoJieii akTBHOTO BemecTBa oT 40 mo 60%, a mo-
JMy4eHHE CYXHUX ITOPOIIKOB CBS3aHO C JOIOTHUTEIHHBIMH
SHepro3aTpaTaMy U, KaK CICICTBHE, TIOBBIIIICHUEM HX CTOH-
MOCTH, TO ¥ BO3MOXXHOCTh X HCIOJb30BAHUS B BHJE pac-
TBOPOB HauboJIee 1eTIecO00pa3HO, 0COOEHHO B COCTAaBE KOM-
IUIEKCHBIX JOOABOK HAa OCHOBE TJIMHHUTOB. [Ipu 3TOM oMo
TJIMHUCTOTO CHIPBS JJIs TOJYYCHUS aKTUBHBIX MHHEPATbHBIX
J00aBOK 11€71ec000pa3HO OCYLIECTBISITH COBMECTHO C JIpY-
rumu kKomroHeHTamMu OM/I, B TOM 4rcie HHTEHCU(DUKATO-
paMHu IIOMOJIa, YTO MO3BOJHT IMOBBICUTH MX Y((PEKTHBHOCTD
TIpH BBEACHUH B COCTaB IIEMEHTHBIX OCTOHOB.

ejbi0 JaHHOTO HCC/IEIOBAHMS SIBJISCTCS H3y4YCHHE
BIIMSIHHSI KOMIUICKCHBIX OPraHOMHUHEPAIbHBIX 100aBOK, MO-
Jy4aeMbIX Ha OCHOBE OOOMOKEHHOTO TJIIMHHCTOTO ChIPbS,
3(¢UpOB TMOJMKAPOOKCHIATa M HW30MPOINAaHOJAMHUHOB Ha

INTRODUCTION

Modern construction imposes high demands on the qual-
ity, durability, and economic efficiency of the construction
materials used. In this context, there is a growing interest in
the development of modified concretes that contain compo-
site fillers based on mineral and chemical additives [1 — 3].
Traditional methods for improving the properties of con-
crete, particularly the use of mineral fillers and various plas-
ticizing additives, have already demonstrated their effective-
ness. In recent years, special attention has been given to the
combination of different types of additives, which allows for
a significant expansion of their functional capabilities [4, 5].

One of the promising approaches to reducing the cost and
enhancing the properties of cement concrete is the use of or-
ganomineral additives (OMA), which are compositions
based on mineral fillers and chemical components. [6]. The
use of OMA allows for the achievement of a synergistic ef-
fect, which ensures higher performance characteristics of
concrete while simultaneously reducing the cement con-
sumption in their composition compared to traditional mate-
rials [7, 8].

The nomenclature of mineral modifiers includes a very
wide range of materials of natural, artificial and man-made
origin [8]. However, their volumes do not satisfy the existing
demand in the production of construction materials based on
cement concrete, in this regard, currently there are active re-
searches on obtaining mineral additives by firing of wide-
spread clay rocks [9-19]. The thickening effect of a signifi-
cant number of mineral additives on cement systems is
known, which requires the use of super- and hyperplasticiz-
ers, among which polycarboxylates-based additives, mainly
imported, have become the most popular in recent years.

In recent years, effective water-reducing agents have
emerged on the Russian market, comprising polycarbox-
ylates ethers — water-soluble copolymers of acrylic (meth-
acrylic) acid with various molecular structures, available in
both liquid and dry forms. Considering that the synthesis of
polycarboxylates ether is carried out in the form of aqueous
solutions with an active substance content ranging from 40
to 60%, and that the production of dry powders is associated
with additional energy costs and, consequently, an increase
in their price, the use of these substances in solution form is
the most practical, especially as part of complex additives
based on clay minerals. Moreover, it is advisable to grind the
clay raw materials for the production of active mineral addi-
tives together with other components of the mineral addi-
tives, including grinding intensifiers, as this will enhance
their effectiveness when incorporated into cement concrete
formulations

The aim of the presented study is to investigate the in-
fluence of complex organomineral additives, obtained from
calcined clay raw materials, polycarboxylates ether and iso-
propanolamines on the elastic-strength characteristics of
fine-grained concrete.
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YIPYTrO-IIPOYHOCTHBIE XAPAKTEPUCTUKUA MEIKO3EPHUCTHIX
OETOHOB.

MarepuaJjbl H METOABI

HccnenoBanust MpOBOAMINCH HA MEIKO3EPHUCTOM Oe-
TOHE, COCTOSIEM M3 MOJU(UIMPOBAHHOTO BSDKYLIETO U
necka B cooTHouieHuu 1:3 mo macce. Bomossikyiee 0THO-
IIEHHE HCCIIEyeMbIX COCTaBOB IT0I0MPAJIOCh 10 obecrede-
HUsI PaBHOIIOJIBIDKHBIX CMECeH, 00JaaroliX pPacIlIbIBOM
n3 koHyca Xerepmanua 130 mm. MoaudunmpoBanHoe 1ie-
MEHTHOE BspKyliee coctosuio m3 80% mopTianaueMenTa
(LIEM I 42,5 H npomusBoactea AO «BomnrallemenT») u 20%
OpPTaHOMHMHEPAILHOHN JOOABKH.

Uccnenyempie OM/] M3roTaBIMBaNIACh COBMECTHBIM T0-
MOJIOM CJIEAYIOIINX KOMIIOHEHTOB!

— MONMMUHEpanbHas rnHa HUKHTCKOro MecTopoxie-
Hust PecriyOinky MopoBust, M3Menb4YeHHast 10 ppakiuy He
Oounee 2,5 MM 1 00030kEHHAs ipu Temiiepatype 700 °C B Te-
yeHuu 2 gacos (M/);

— 3¢upsr monmukapookcmnatroB SINTEFLOW META 52
npousBozacTBa OO0 «Cunre3 Oxa — CTpOUTENbHAS XUMUS
(BomopemyKTOp Ha OCHOBE JKHJIKHX BOJIOPACTBOPHMBIX IO-
JIIMEPOB);

— cMeceBasi KOMIIO3UIMS Ha OCHOBE H30IPOIIaHOIAMHU-
HoB ESP800 mpomsBonctea OO0 «CuaTe3 Oka — cTpou-
TeNbHAas XUMUS» (MHTCHCH(HUKATOP IOMOJA, YCKOPHTEIh
TBEPJICHHS).

[TnanupoBaHne SKCIEPUMEHTAIBHOTO HCCIIEIOBAHUS
OCYIIECTBIISUIOCH ITPY BapbUPOBAHUHM CIEAYIOMNX (DAKTOPOB
(tabmn. 1):

e  JIIUTENbHOCTHh MOMOJa KomMmoHeHtoB OM/J] — 2-4
yaca (X1);

e  coaepxanne SINTEFLOW MEI'A 52 B cocraBe
OMJ - 0,15-0,35% ot maccet M1 (x5);

° koHuentpauus ESP800 B cocrase OMJ] — 0,1-
0,25% ot maccer M/] (x3).

Marpuma 1raHupoBaHHS coiepkaia 19 skcrmepuMeH-
TaJbHBIX TOYEK (CM. Taby. 2), U3 KOTOPBIX cOCTaBbl 1-15
MPEICTaBIIIOT cO00M OCHOBHOM OJIOK MaTPHIIBI UCCIIEI0BA-
HUSI, COCTaB 16 — MENKO3epHHUCTHIN HEMOU(DUIIMPOBAHHBIN
6eroH, coctaBbl 17-19 — KOHTPOJILHBIE KOMITO3ULIMH MEJIKO-
3epHUCTOro O6eroHa ¢ 20%-Hoi KOHIeHTpalueil 0003OKeH-
HOH IO BBIIICYKAa3aHHOMY PEXHMY IJIMHBI, TOABEPTHYTOMH
MOMOJTy B Te4eHue 2, 3 u 4 yacoB COOTBETCTBEHHO. B mpo-
1ecce IKCIEPUMEHTAIBHOTO HMCCIEAOBAHUS OLIEHUBAIINCH:
npezieNn NMPOYHOCTH Ha pacTshKEHHWE NpH W3rude, mpenesn
MIPOYHOCTH M MOJYJIb YIPYTOCTH IPH CXKaTUH MEJIKO3EPHH-
CTBIX IIEMEHTHBIX OETOHOB.

Materials and methods

The researches were carried out on fine-grained concrete
consisting of modified binder and sand in the ratio of 1:3 by
mass. The water-to-binder ratio of the studied compositions
was selected to ensure that the mixtures had equal con-
sistency, achieving a spread of 130 mm in the Hegermann
cone test. The modified cement binder consisted of 80%
Portland cement (CEM I 42.5 N produced by VolgaCement
JSC) and 20% organomineral additive.

The studied organomineral additives (OMA) were pro-
duced by joint grinding of the following components:
—polymineral clay from the Nikitskoye deposit in the Re-
public of Mordovia, ground to a fraction of no more than 2.5
mm and fired at a temperature of 700 °C for 2 hours (MA);
— polycarboxylates ether SINTEFLOW MEGA 52, pro-
duced by LLC "Sintez Oka - Construction Chemistry" (wa-
ter-reducing agent based on liquid water-soluble polymers);
— a mixed composition based on isopropanolamines
ESP800, produced by LLC "Sintez Oka - Construction
Chemistry" (grinding intensifier, hardening accelerator).

The planning of the experimental research was carried
out by varying the following factors (Table 1):

e Grinding duration of OMA components - 2-4 hours
(%1);

e SINTEFLOW MEGA 52 content in OMA - 0.15-
0.35% by mass of MA (x3);

e ESP800 concentration in the OMA composition -
0.1-0.25% by mass of MA (x3).

The planning matrix contained 19 experimental points
(see Table 2), of which compositions 1-15 represent the main
block of the study matrix, composition 16 - fine-grained un-
modified concrete, compositions 17-19 - control composi-
tions of fine-grained concrete with 20% concentration of clay
fired according to the above regime, subjected to grinding for
2, 3 and 4 hours, respectively. In the process of experimental
study the following were evaluated: tensile strength in bend-
ing, tensile strength and modulus of elasticity in compression
of fine-grained cement concrete.

TABJIMIA 1 UICCIEAYEMBIE ®AKTOPBI U YPOBHU NUX BAPBUPOBAHUA

Table 1 Investigated factors and levels of variation

YpoBHU BapbupoBa- Bapbeupyemeble hakTopbI
HUS Varying factors
B KOJIMPOBAaHHBIX JnureabHocTs momosiaa OM/, Copep:xanne SINTEFLOW META 52, Copnep:xanne ESP800,
BeJIHYHHAX qac. % ot maccbl MJI % ot maccebl M/I
Levels of variation in Grinding duration of OMA , Content of SINTEFLOW MEGA 52, Content of ESP800,
coded values hours % by mass of MA % by mass of MA
-1 2 0,015 0,1
0 3 0,25 0,175
+1 4 0,35 0,25
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TABJIMIA 2 MATPUIIA IINTAHUPOBAHUSA DKCIIEPUMEHTAJIBHOI'O UCCJIEJOBAHUSA

Table 2 Planning matrix of experimental research

B kogupoBan-
HBIX B peanbHBIX 3HAYEHUSX
3HAYCHHUAX In actual values
Ne In coded values
CocraBa JIuTeJbHOCTD Conepskanme
Compositio nomoJia OM/JI, Copep:xanne SINTEFLOW META 52, leISll)’SOO
n number x x x yac. % ot maccel M/ % or Maccm’ M
a 2 3 | Grinding dura- Content of SINTEFLOW MEGA 52, % by mass CO‘;} tent of ESPS00
tion of MA o ’
of OMA , hours 7o by mass of MA
1 1 1 1 4 0,35 0,25
2 1 1 1 4 0,35 0,1
3 1 -1 1 4 0,15 0,25
4 1 -1 1 4 0,15 0,1
s S 5 -1 1 -1 2 0,35 0,25
2 9
c
S e 6 -1 1 -1 2 0,35 0,1
<
SE| 7 | | 1] 2 0,15 0,25
o Q
=
g5 8 -1 -1 -1 2 0,15 0,1
Q
SEl o | 1o |- 2 0,25 0,175
2 c
S&l 10| 1 |0 |1 4 0,25 0,175
S g
O | 11 0 -1 0 3 0,15 0,175
12 0 1 0 3 0,35 0,175
13 0 0 0 3 0,25 0,1
14 0 0 0 3 0,25 0,25
15 0 0 0 3 0,25 0,175
16 bez OM/]
2 Without OMA
Z—
Eg| 17 -1 2
e g
g o
20| 18 0 - - 3 - -
2
19 +1 4

Pe3y.m,TaT1,1 HCCIICA0BaAaHUSA

VYunutheiBass KOMIDICKCHOE BIHSHUC KaK TPEX BapbUpye-
MBIX (PaKTOPOB (ATUTEIHHOCTH COBMECTHOTO MTOMOJIA KOM-
nmoreHToB OM/], conepxanue B coctaBe OM/] a¢pupa monu-
kapookcmnatoB SINTEFLOW MEI'A 52 u cmeceBoil KOM-
MO3WIHN Ha OCHOBe m3ompomnanoraMuHoB ESP800), Tak n
BomoBspkymero (B/II+OMJI) oTHomieHHs Ha W3MEHEHHE
CBOMCTB MOAM(DHUIIMPOBAHHBIX MEIKO3EPHUCTHIX OETOHOB,
MPOBEJIEM aHaM3 KOPPENSIUOHHBIX 3aBUCHMOCTEH, Tpe-
CTaBJICHHBIX Ha pUCyHKe 1. BBIIBICHO 3aKOHOMEpHOE CHH-
JKEHUE YNPYro-IIPOYHOCTHBIX MOKa3zaTeleld HcCieqyeMbIX
0eToHOB mpu cxxatuu ¢ yeenuuenueM (B/LI+OM/I) otHore-
Hus ot 0,7 1o 0,73 otH. ex. [Ipu 3TOM HaOMIOMACTCS KOM-
TUTIEKCHOE BITUSTHHE BapbUPYEMBIX (PAKTOPOB Xq, X, U X3 HA
W3MEHEHHE CBOHCTB MOTU(PHUIIMPOBAHHBIX MEITKO3EPHUCTHIX
0OETOHOB.

[IpoBeneM aHamu3 ynpyro-npo4HOCTHBIX ITOKa3aTemei
HEMOIU(DHUIIMPOBAHHOTO MEJIKO3epHUCTOTO OeToHa Nel6
(cm. pucyHok 1) o cpaBHeHHIO ¢ Kommno3utamu NeNel-15, B
KOTOPBIX MpousBeaeHa 3aMeHa 20% 1ieMeHTa 0003KKEHHON
TJIMHOM. I/ICXO[I,H N3 TOJYYCHHBIX JaHHBIX MOATBCPKACHA

Research results

Considering the complex influence of three varying fac-
tors (joint grinding duratin of OMA components, Content of
SINTEFLOW MEGA 52 polycarboxylates ether in the com-
position of OMA, and the mixed composition based on iso-
propanolamines ESP800), as well as the water-to-binder
(W/C + OMA) ratio on the changing properties of modified
fine-grained concrete, we will conduct an analysis of the cor-
relation dependencies presented in Figue 1. A consistent de-
crease in the elastic-strength characteristics of the studied
concretes under compression has been identified with an in-
crease in the water-to-binder (W/C + OMA) ratio from 0.7 to
0.73 relative units. At the same time, there is a complex in-
fluence of the varying factors x;, x> and x3 on the change in
properties of the modified fine-grained concretes.

Let's analyze the elastic-strength characteristics of un-
modified fine-grained concrete No. 16 (see Figure 1) com-
pared to composites No. 1-15, in which 20% of the cement
has been replaced with fired clay. Based on the obtained data,
the possibility of producing fine-grained concrete mixtures
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BO3MOYKHOCTh IMOJTyYCHHS TIPU UCIOJIb30BAaHHH KOMILICKC-
HbIXx OM/] cOCTaBOB MEIKO3EPHUCTHIX OCTOHOB, IPOYHOCT-
HbIC KOMIIO3MTHI Ha OCHOBE KOTOPBIX JOCTHTAIOT YPOBHS
6e3100aBoUHOrO OeTOHA. B wacTHOCTH, HanOOJIee BBICOKUM
KOMILIEKCHOM CBOWCTB XapaKTEPU3YIOTCsI OCTOHBI COCTABOB
Ne9 u Nel5 (cm. Tabmumy 2), mosydaeMbIX PpU KOHIIEHTPa-
uuu SINTEFLOW MET'A 52 0,25% u ESP800 0,175%.
JlnmutensHOCTE TOMOJIa KommoHeHTOoB OMJI, cooTBeT-
CTBEHHO, JUIS BBINICYKa3aHHBIX CMECe cocTaBisieT 2 U 3
yaca.

using complex composite mineral additives has been con-
firmed, with the strength of the composites reaching the level
of conventional concrete without additives. In particular, the
concrete compositions No. 9 and No. 15 (see Table 2) exhibit
the highest combination of properties, achieved with a con-
centration of 0.25% SINTEFLOW MEGA 52 and 0.175%
ESP800. Grinding durations of the OMA components are 2
and 3 hours, respectively, for the above mixtures.

PUCYHOK 1
36
KOPPEJISIHUOHHBIE 3ABUCUMOCTHU 5“’ s 0175 o orad 16
MEXAY YINPYTO-TIPOYHOCTHBIMU XAPAK- ‘Z 14 : 0175
TEPUCTUKAMU MOJUPULIUPOBAHHbBIX = gl 025 & 025
MEJIKO3EPHUCTBIX BETOHOB I1PU PA3JINY- § 0 ”_; 0.175 = 0,1
HbIX KOHIHEHTPALIUAX SINTEFLOW META B 32 3 -
52 B COCTABE OM/| £ 0,25~ 0.25 N 0.1
" 0.1
a — npejeJ NPOYHOCTH NMPH CKATHH; % 3 piie P
6 — MoayJb ynpyroctd npu ckatuu u B/(II+OMI) g ’i
oTHOUIEHHE g 95
(BbIHOCKaMH 0003HaueHbl KoHUeHTpauuu ESP800, % ot é. 0,1
maccbl MJI)
26
0,69 0,7 0,71 0,72 0,73 0,74
B/LI+OM]D
. Comepskarne SINTEFLOW META 52, % ot Maccst M/
Figure 1 A0,15 mo,25 00,35
Correlation dependencies between elastic-strength
characteristics of modified fine-grained concrete at a(a)
different concentrations of SINTEFLOW MEGA 52
in the OMA composition 21000
= 0,175
a — compressive strength limit; E 0,17511*":0'-‘133 16 0,175
b - compressive elastic modulus and the S 0.175
W/(C+OMA) ratio E 0175 0,25
(callouts indicate concentrations of ESP800, % by mass of & 19000 *
the MA) é 0,1 0,1
E 18000 : L \\ 4
B 0,25 035 /E -
E 17000 - .y
g o1 025
el
%‘ 16000
'
15000
0,69 0.7 0,71 0.72 0.73 0.7
BALI+OMT)
Copepaxanne SINTEFLOW META 52, % ot macest M
A0,15 30,25 00,35 #eoctas 16
6 (b)

Jns oueHkd 3()(HEKTUBHOCTH BIHMSHUAS Pa3IHIHBIX
komiuiekcoB SINTEFLOW MET'A 52 u ESP800 na uzme-
HEHHE CBOWCTB MEJKO3EPHUCTBIX OETOHOB, COJEPIKAIIUX
20% TIMHUTOB, TPOBEEM aHAJIM3 OTHOCHUTEIIBHBIX TI0Ka3a-
TeJIe Tpejena MPOYHOCTH NpU CKaTuu (pUCyHKH 2-4),
OTIpeZieTIsIEMBIX 110 CpaBHEHHUIO ¢ coctaBamu Nel7 (2 gaca
momona OMJI — NeNe5-9), Nel8 (3 gaca momoma — No»11-
15) u Nel9 (4 gaca momomna — NeNel-4,10). YcraHoBieHa
BO3MOKHOCTB MOBBITIIEHHUS OT 5 110 30% MpOYHOCTHBIX MO~
Kazarenei nccieayeMbIx OETOHOB IIPH CKATHUH, YTO CBHIE-
TENBCTBYET O HEOOXOIUMOCTH BBISBJICHHS ONTHMAIBHBIX
KOHLIEHTPAIMH BBOAUMBIX J100aBOK M JUIUTEIBHOCTH II0-
Mouia. M3 ananu3a pucyHKOB 2-4 BBISIBIIEHBI 00J1aCTH, B KO-
TOPBIX HAXOIATCS ONTHMAIIBHBIE YPOBHU Uil KaXKAOTO

150

To evaluate the effectiveness of different SINTEFLOW
MEGA 52 and ESP800 complexes on the properties of fine-
grained concrete containing 20% clay, we will analyze the rel-
ative indicators of compressive strength limits (figures 2-4).
This analysis will compare the compositions numbered 17 (2
hours of grinding of OMA — N5-9), 18 (3 hours of grinding —
N11-15), and 19 (4 hours of grinding — N1-4, 10) based on
their compressive strength results. The possibility of increas-
ing from 5 to 30% of the strength indices of the investigated
concretes in compression has been established, which indi-
cates the necessity of revealing the optimal concentrations of
the introduced additives and grinding duration. From the anal-
ysis of Figures 2-4, the areas in which the optimum values are
found for each varying factor are: grinding time of OMA 2+3
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BapbUpyeMoro (akropa: JyImTeabHOCTh oMoia OM/] 2+3
qaca; koHueHTpauus SINTEFLOW MEI'A 52 u ESP800,
cooTBeTCTBEeHHO, 0,25% u 0,175; ot Mmaccet M/,

CHumkeHue cojlepxkaHusi Bogopeaykropa ¢ 0,25 no
0,15% ot maccel M/] IpUBOAUT K YMEHBIICHHUIO 3HAYEHUI
OTHOCHTEJIFHOTO TIpeNeia MPOYHOCTH TPH CKATHH OT
1,14+1,30 no 1,05+1,22 oTH. en. YBenuueHUe KOHLEHTpa-
uur SINTEFLOW MET'A 52 o 0,35% ot maccel M/I xa-
paKTepU3yeTCsl CYIIECTBEHHBIM CY)XCHHEM JHana3oHa Ba-
PBUPOBAHUH UCCIIEAYEMOTO IPOIHOCTHOTO ITOKa3aTess (0T
1,17 mo 1,23 ot. exn.). OtkiioHeHue koHteHTpannu ESPE00
ot ypoBHa 0,175% ot maccet M/] Kak B CTOPOHY MEHBIIINX
(0,1%), tak u Gonpmux (0,25%) 3HaYeHUi MPUBOIUT K
YMCHBIICHUIO OTHOCHUTEIILHOTO Mpezeiia MPOYHOCTH MpPU
C)KaTuHU, COOTBETCTBeHHO, 10 1,05+1,18 u 1,08+1.23 otH.
el1. o cpaBHeHuto ¢ 1,19+1,30 otH. en.

PUCYHOK 2

HNPEJEJ MIPOYHOCTH TP C:KATHH MOJIU-
OUIIUPOBAHHBIX MEJIKO3EPHUCTBIX BE-

TOHOB B 3ABUCUMOCTH OT JJIUTEJBHO-

CTHU TIOMOJIA OM/J ITPU PA3JIMYHBIX KOH-
HEHTPAIIUAX SINTEFLOW MET'A 52

(coctaBbl 17-19)
(BbIHOCKaMH 0003Ha4yeHbl koHueHTpanuu ESP800, % ot

maccel M/T)

Otnocire b Mpeien npouHocTi
pH cAkaTiH (cocTassl 17-19), oTmen.

Figure 2

Compressive strength of modified fine-grained con-
crete as a function of OMA grinding duration at dif-
ferent concentrations of SINTEFLOW MEGA 52

(compositions 17-19)
(callouts indicate concentrations of ESP800, % by mass of
MA)

PUCYHOK 3

NPEJAEJ MIPOYHOCTH TP CKATUU MOJIHU-
OUIIUPOBAHHBIX MEJIKO3EPHUCTBIX BE-
TOHOB B 3ABUCUMOCTH OT KOHLHEHTPA-
WU SINTEFLOW META 52 IJ1s1 OM/ ITPA
PA3JUYHOMN JJIUTEJbHOCTH IIOMOJIA

(cocrasbl 17-19)
(BbIHOCKaMH 0003HaueHbl koHueHTpauuu ESP800, % ot
maccsl MJT)

OTHOCHTETLHBI npeaen NpoIHoCTH

Figure 3

Compressive strength of modified fine-grained con-
crete depending on the concentration of SIN-
TEFLOW MEGA 52 for OMA at different grinding
durations

(compositions 17-19)
(callouts indicate concentrations of ESP800, % by mass of
MA)

= Ly
[ n

(53

= s
(" Ch

T
h

o

npn cxarim (cocragsl 17-19), oTH.ex.

hours; concentration of SINTEFLOW MEGA 52 and ESP800,
respectively 0.25% and 0.175% by mass of MA.

The reduction of the content of water-reducing agent from
0.25% to 0.15% by the mass of mineral additives leads to a
decrease in the values of the relative compressive strength
limit from 1.14-1.30 to 1.05-1.22 relative units. Increasing the
concentration of SINTEFLOW MEGA 52 up to 0.35% of MA
mass is characterized by a significant narrowing of the range
of variation of the studied strength index (from 1.17 to 1.23
relative units). The deviation of ESP800 concentration from
the level of 0.175% by mass of MA, both towards lower
(0.1%) and higher (0.25%) values, leads to a reduction in the
relative compressive strength limit, respectively, to 1.05-1.18
and 1.08-1.23 relative units compared to 1.19-1.30 relative
units at the baseline level. This indicates that maintaining the
concentration within a specific range is crucial for optimal ma-
terial performance.
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PUCYHOK 4

MPEJEJ IPOYHOCTH MPU CKATHHA MOJIH-
®UIUPOBAHHBLIX MEJKO3EPHUCTBIX BE-
TOHOB B 3ABUCUMOCTH OT KOHIIEHTPA-
UM ESP800 JUISI OMJ IMPH PA3JIMYHOI
JUIMTEJBHOCTH MTOMOJIA

(coctaBsbl 17-19)
(BbIHOCKaMH 0003Ha4yeHbl KoHuneHTpamuun SINTEFLOW
METIA 52)

Figure 4

OTHOCHTeMBHENT Opeen MPOYHO CTH
npu caxatan (cocrassl 17-19), otaen

Compressive strength of modified fine-grained con-
crete depending on the concentration of ESP800 for
OMA at different grinding durations

(compositions 17-19)

(callouts indicate concentrations of SINTEFLOW MET' A
52)

D¢} deKTUBHOCTH BBEICHUS XUMHUCCKUX JOOABOK B CO-
craB OM/] ipu o1ieHKe U3MEHEHHUSI MOAYJISl yIIPYTOCTH IIPH
coxatun pocturaer 40%, npuyeM HanbOosee BHIPAKEHHBINA
MIPUPOCT TIOKa3aTeseil HabIromaeTcst MpH KOHLEHTPALHH
ESP800 0,175% ot maccer M/l (pucyHok 5). I1pn koHIIEH-
Tpanusax uHTeHcudukatopa nomona 0,1 n 0,25% makcu-
MaJIbHbI yPOBEHb OTHOCHTEIBHOTO MOIYNS YHPYTOCTH
camxkaercs 10 1,18 u 1,22 oTH. ex.

PUCYHOK 5

MopayJib yHPpyrocTH Npu C;KaTUM MOAM(PUIHPOBAH-
HBIX MEJIKO3¢PHUCTHIX 0€TOHOB B 3aBUCHMOCTH OT
AnureabHocTH momosa OMJI npu pasimyHBIX
koHueHTpauusx ESP800

(coctaBbl 17-19)
(BbIHOCKaMHU 0003HaYeHbl KoHUeHTpauuu SINTEFLOW
META 52, % ot maccs1 MJI)

Figure 5

OTHOCHTEIEHBI MOIYITE YUPYTOCTI
npH cxxaTHi (cocTansl 17-19), oTH.ea.

Modulus of elasticity in compression of modified
fine-grained concrete as a function of OMA grind-
ing duration at different concentrations of ESP800
(compositions 17-19)

(callouts indicate concentrations of SINTEFLOW MET'A
52, % by mass of MA)

W3 ananu3a n3MeHeHus Mpezesa MpoYHOCTH Ha pacTshKe-
HUE MpH U3rude (PICYHOK 6) TaKKe BUIHO CHIDKEHHE MTOKa-
3aTels MPH MOBHIIICHUH JTUTSITFHOCTH ITOMOJIA 10 4 4acoB.
Haubonee BRICOKHM KOMILIEKCOM CBOWCTB TaKXKe XapaKTe-
pU3YIOTCS LIEMEHTHBIE OCETOHBI ¢ comepxkanmeM SIN-
TEFLOW MET'A 52 0,25% u ESP800 0,175%. IIpu stom
HauMeHbIast 3QGEKTUBHOCTh OT BBINIEYKa3aHHBIX JO0ABOK
HabOmonaeTcs (PUCYHOK 7) pU JUTUTENBHOCTH TomMosia OM/J]
2 yaca.

OcHOBHBIE BBIBOJIBI

1o pe3ynpTaTam IpOBENEHHBIX HKCIIEPUMEHTAIbHBIX UC-
cienoBaHui BhIsSIBICHBI KoMmIuiekcbl OMJI, ncmonb3oBanue
KOTOPBIX B COCTaBaX MEJIKO3EPHHUCTHIX IIEMCHTHBIX OCTOHOB
[03BOJIAET IMOJy4aTh KOMIIO3UTBl C IPOYHOCTHBIMHU
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The effectiveness of introducing chemical additives into
the composition of OMA in assessing the change in compres-
sive modulus reaches 40%, with the most pronounced increase
observed at a concentration of 0.175% ESP800 by mass of
OMA (figure 5). At concentrations of grinding intensifier of
0.1% and 0.25%, the maximum level of the relative modulus
of elasticity decreases to 1.18 and 1.22 relative units, respec-
tively.

025
0,15 jz 025
035
tos
035~ 025
%O,Sj 035 15
2 0,25 '
035 s
%{ 015 0,15
0,05 0.1 0,15 0.2 025 03

Conepaanne ESP800, % ot maccst M]IT
JImrTe IBHOCTE TIOMOTA, A

a2 =3 o4

From the analysis of the change in flexural tensile
strength (Figure 6), we can also see a decrease in the index
when the grinding duration is increased to 4 hours. The high-
est complex of properties is also characterized by cement
concrete containing SINTEFLOW MEGA 52 0.25% and
ESP800 0.175%. At the same time, the lowest efficiency of
the above additives is observed (Figure 7) at OMA grinding
duration of 2 hours.

Conclusions

According to the results of experimental studies, OMA
complexes have been identified, the use of which in fine-
grained cement concrete compositions allows for the produc-
tion of composites with strength characteristics that are com-
parable to those of concrete without additives. The most
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MOKa3aTeJsIMU, He YCTYNAIoUMK 0e37100aBOYHOMY OETOHY.
Haubonee ontumanpHble KOMIUICKCHI IMOJYYCHBI MPH KOH-
nentpauusx SINTEFLOW MEI'A 52 0,25% u ESP800
0,175% ot maccet M/]. Pa3zpaboTaHHBIC COCTABBI MEJIKO3EP-
HUCTBIX OCTOHOB TO3BOJIAIOT CHIDKATh 110 20% pacxon 1e-
MEHTa MPH 00CCIICYCHUN KOMILIEKCA YIPYTO-IIPOYHOCTHBIX
XapaKTEePUCTUK Ha yPOBHE 0€3/100aBOYHBIX OETOHOB.

optimal complexes were obtained at concentrations of 0.25%
SINTEFLOW MEGA 52 and 0.175% ESP800 by mass of
the mineral additive. The developed compositions of fine-
grained concrete allow for a reduction in cement consump-
tion of up to 20% while providing a combination of elastic
and strength characteristics comparable to those of concrete
without additives.

PUCYHOK 6
IMPEAEJI IPOYHOCTHU HA PACTSKEHUE 7.2
IMPU U3I'BE MOJAUPULITUPOBAHHbBIX MEJI- o ——
KO3EPHUCTBIX BETOHOB B 3ABUCUMO- E 0175 W
CTHU OT JJIMTEJBHOCTHU NTOMOJIA OM]] £ 68 L8 ¥
MMPU PA3JIMYHBIX KOHHEHTPALIUAX gg 10:175
SINTEFLOW MET'A 52 ] i 0.1 ™~ 0,175 G
(coctaBbr 17-19) g 264 o5 o0z l&_u .
(BbIHOCKaMH 0003Ha4YeHbl koHueHTpauuu ESP800, % ot E i 7 0.23 £
maccst MJI) &g 0.1 L 0.25

z 6

i £
Figure 6 = 0

56
1 2 3 4 3

Flexural tensile strength of modified fine-grained
concrete as a function of OMA grinding duration at
different concentrations of SINTEFLOW MEGA 52

(compositions 17-19)
(callouts indicate concentrations of ESP800, % by mass of
MA)

PUCYHOK 7

OTHOCHUTEJILHBINA IIPEJIEJ ITIPOYHOCTH
HA PACTSI)KEHUE ITPU U3I'MBE MOJUDU-
HUPOBAHHBIX MEJIKO3EPHUCTBIX BETO-
HOB B 3ABUCUMOCTHU OT JJIMTEJIBHOCTH
IOMOJIA OM/I ITPH PA3JIMYHBIX KOHIEH-
TPAIIUSAX SINTEFLOW MET A 52

(cocrasbl 17-19)
(BbIHOCKaMH 0003HaveHbl KoHuenTpanuun ESP800, % or

maccesl M/T)

OTHOCHTE IbHBIIT npenet NpoTHOCTH

npn marade (coctagnt 17-19), otHen.

Figure 7

Change in the relative tensile strength limit during
bending of modified fine-grained concretes depend-
ing on the grinding duration of OMA, obtained at
various concentrations of SINTEFLOW MEGA 52

(compositions 17-19)
(callouts indicate concentrations of ESP800, % by mass of
MA)
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