DOI: 10.6060/ivkkt.20216404.6330
VJK: 666.97216

JOBABKU J1JIA TAKEJIOI'O BETOHA HA OCHOBE TEXHOI'EHHBIX OTXOJ10OB
XUMHUYECKHUX [TPOU3BOJICTB

N.B. lloasixkoB, M.B. Bapannuxos, E.A. CtenanoBa

Hropp BsuecnaBoBuu llonsikos

000 «IINTACTHE®TEXWM», ya. lllenkuna, 49, Mocksa, Poccutickas ®enepanus, 129110
E-mail: polyakovigor009@gmail.com

Muxann Bragumuposna bapanHukoB™

Kadenpa xuMuu 1 TEXHOJIOTHH BBICOKOMOJICKYJISIPHBIX COCIUHEHUM, FIBAHOBCKUI TOCYIapCTBEHHBIN XUMHUKO-
TEXHOJIOTHYECKUH YHUBEpcuTeT, np. LllepemereBckuit, 7, IBanoBo, Poccuiickas @eneparms, 153000
E-mail: newmichael2014@gmail.com*

Exarepuna AnexcanapoBua CrernanoBa

Kadenpa crpourenbHOro MaTepuanoBeACHHUS U TEXHOJIOTHH, IBaHOBCKHIA rOCYapCTBEHHBIN MOJUTEX HUICCKHM
yHuBepcutert, np. lllepemereBckuit, 21, IBanoBo, Poccuiickas denepanus, 153000
E-mail: ekateriiinkas@mail.ru

Hccneoosano enuanue KOMnieKcHol 000asKku, cooeprcauieii cynepnaacmugpuxamop C-3, Ha
ceolicmea msascenozo 6emona. Boiasnena ygphexkmuenocms nnacmuuyupyouiezo oeiicmeusn yka-
3AHHOU 000a6KU HA CMAOUU NPUZOMOGIEHUA OEMOHHOU cMeCU U ROCedyIouem opmosanuu de-
monnvix uzdeauii. /lokazano, Ymo Ha cmaouu meepoeHus demona ucciedyemasn 000aeKa cnocoo-
cmeyem hopmuposanuro 601ee 00HOPOOHOI KOLIOUOHO-KPUCHATIIUYECKOU CHIPYKIYPbL U 00pa3o-
GAHUI0 NIIOMHBIX KDUCIMATIAOUOPAMHBIX KOMNIAEKCO8 UEMEHMHO020 KAMHA K MOMEHMY 3A8EPUIeHUs
meepoenun dbemona. Odvekmamu ucciedo6anusn eblopansvt 0opasyvt 6emona mapku B22,5 de3z oooa-
60K; colepiicawjue MOH0000a6Ky - cynepniaacmuguxamop C-3; codepiricaujue KOMNIEKCHYIO 00-
oaexy. Ilpu npoekmupoganuu cocmaga 000a6oK 011 MANCEN020 OemOHA UCXOOUTU U3 yHOAMEH-
MAbHBIX NOJIOHCEHUI CIMPOUMENIbHOI HAYKU, YO0 KOMNIEKCHOCHb Oelicmeus 000a60K 3aK1oua-
emcsa 6 ONMUMAIbLHOM COYCMAHUU 08YX OCHOBHBIX NPOMUBONOJIONCHBIX NO OCUCMEUI0 NPOUECCO8,
npomeKauux 60 8peMeHu u 00veme 6emonnoi mampuuysl. [Ipumenenue cunme3uposanHozo é xooe
OAHHO20 UCCNE008AHUS 0JIUZOMEPA KANPOIAKMAMA NO360/I€M Peums npodiemy 6061eUeHuUsn 8
npoU3800CmMEeHHbLIL 000POM KOHUECHMPUDPOBAHHBIX OMX0008 Npou3soocmea kanporakmama. Ilony-
YeHHbIe 0JIU2OMEPbl KANPOIAKMAMa MOZYMm UCHOAb306AMBCA 6 CIPOUmMENbCMEe 6 Kauecmee nia-
cmugukamopoe 6emoHHbIX cmecell, KAK UHZUOUMOPO8 KOPPO3UU CIAIbHOU apMAmypbl NPU RPOU3-
600cmee jcene300emonnvix uzdenuil. boinu cunmeszupoeamnsvt 6000pacmeopumsle 0aU20MePbL KANPO-
JaKmama, KOmopbule coKkpauwiarom epems pacmeopenus cynepnaacmuguxamopa C-3 u oucnepzupo-
6aHUA HU3KOMEMNEPAmypHo20 Kamanuzamopa 6 odveme 3ameopaemon demouHou cmecu. bovino
YCMAHOBIEHO, YNO 6 NPUCYMCHEUU 0U2OMEPA Kanpoaiakmama 6 koauvecmee om 10 0o 20% macce.
ckopocmb pacmeopenusa cynepniaacmuguxamopa C-3 6 6ooe npu memnepamype 20-21 °C ygenuuu-
eéaemcs ¢ 2,0-2,2 paza. Imo cnocodcmeyem 00.1ee KauecmeeHHOMY HePEMEUUBANUI0 KOMNOHEH 08
bemonHoIl cmecu, npexcoe cezo YayuuieHuI0 OUCREPZUPOBARUA KOMNIEKCHOU 000a6KU 6 00veme De-
monHoiu cmecu. Hcnonvzyemolil ¢ hacmoauweil pabome 01uzomep KanpoaiaKkmama aeaaemca ghex-
MUBHBIM 6000PACMEOPUMBIM CMAYUEAMENEM NOEEPXHOCHIL YACMUY, UeMeRMA, NeCKa U WieOH:, Umo
6ecobMa 6aX)CHO 071 AKMUBU3AUUU 2UOPAUUOHHBIX U COPOUUOHHBIX HPOUECCO8 NpuU 3ameopeHuu oe-
monnou cmecu. Ilogviuiennsle cmauusarouiue ceolicCmea 0JaU20MepPa KanpoaiaKkmama XapaKmepusy-
10Mmca yenom cmMauueanus, 6enU4una Komopozo cocmasgnsem 19,6°.

KiroueBble ciioBa: 6CTOH, KarpoJiakTaM, TEXHOI'CHHBIC OTXO/bI, HH3KOTCMHCpaTypHBII>i KaTajiu3aTtop,
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The effect of a complex additive containing superplasticizer C-3 on the properties of heavy
concrete has been investigated. The efficiency of the plasticizing action of the specified additive at
the stage of preparation of the concrete mixture and subsequent molding of concrete products has
been revealed. It is proved that at the stage of concrete hardening, the investigated additive pro-
motes to the formation of a more homogeneous colloidal-crystalline structure and the formation of
dense crystalline hydrate complexes of cement stone by the time of completion of concrete harden-
ing. The objects of investigation were samples of grade B22.5 concrete without additives; contain-
ing a monoadditive - superplasticizer S-3; containing the complex additive. When designing the
composition of additives for heavy concrete, we proceeded from the fundamental provisions of con-
struction science that the complexity of the action of additives lies in the optimal combination of
two main opposite processes in time and volume of the concrete matrix. The use of the caprolactam
oligomer synthesized in the course of this investigation makes it possible to solve the problem of
involving concentrated wastes of caprolactam production in the production turnover. The obtained
caprolactam oligomers can be used in construction as plasticizers of concrete mixtures, as inhibi-
tors of corrosion of steel reinforcement in the production of reinforced concrete products. Water-
soluble oligomers of caprolactam, which reduce the time of dissolution of the superplasticizer C-3
and the dispersion of low-temperature catalyst in the volume of the concrete mixture being mixed,
were synthesized. It was found that in the presence of the oligomer caprolactam in an amount of
10 to 20% of the mass. the dissolution rate of S-3 superplasticizer in water at a temperature of 20-
21 °C increases by 2.0-2.2 times. This contributes to a better mixing of the components of the con-
crete mixture, primarily to improve the dispersion of the complex additive in the volume of the
concrete mixture. The caprolactam oligomer used in this research work is an effective water-solu-
ble wetting agent for the surface of particles of cement, sand, and crushed stone, which is very
important for activating hydration and sorption processes during mixing of a concrete mixture.
The increased wetting properties of the caprolactam oligomer are characterized by a wetting angle
of 19.6 °.

Key words: concrete, caprolactam, technogenic waste, low temperature catalyst, accelerating-plasticiz-
ing additive, water absorption
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One of the main conditions for high quality of
industrial and civil construction is a reduction in the
period of concrete strength gain and an increase in the
pot life of concrete mixtures, which is important when
transporting concrete to objects remote from rein-
forced concrete production facilities.

Considerable attention is paid to this problem
in concrete science [1-6]. Nevertheless, in the presence
of many ways to achieve the tempering strength of con-
crete and reinforced concrete products in the early
stages, this problem is not completely solved at this
time [7-8].

This work shows the results of investigations
on the study of the effect of complex additives contain-
ing industrial waste production of caprolactam, the
well-known superplasticizer S-3 and synthesized plas-
ticizer of concrete mixtures based on the oligomeriza-
tion of caprolactam in a mixture of polyhydric alcohol
and amino alcohol. For research work, a grade B 22.5
concrete mixture with the indicated plasticizing addi-
tives was prepared.

When designing the composition of additives
for heavy concrete, we proceeded from the fundamen-
tal provisions of construction science that the complex-
ity of the action of additives lies in the optimal combi-
nation of two main opposite processes in time and vol-
ume of the concrete matrix [9-14]. At the first stage of
the process, when a dry concrete mixture is mixed with
water, an important factor is the time of hydration of
the cement grains, which correlates with the rate of
wetting of their surface and the capillary penetration of
water molecules into the lower layers of the grains. It
should be noted that this effect is enhanced by the use
of plasticizers, super- and hyperplasticizers, or by an
increase in the water-cement (W/C) ratio. The second
method is rarely used, since it reduces the strength
characteristics of concrete. The description of the sec-
ond method of additives preparation and the establish-
ment of its ineffectiveness are presented in the articles
[15-17].

At the second stage of the formation of the
structure of the concrete matrix, the main conditions
are those when the colloidal structures of the cement
paste pass through the colloidal crystallization into the
hard crystallization phase. This process is intensified
by the action of hardening accelerators of inorganic
and organic nature and consists in increasing the de-
gree of saturation of the system with calcium oxide hy-
drate (CH) and the subsequent active formation of
crystals of calcium hydrosilicate (CHS) [18-20]. In this
case, a certain number of particles of hardening accel-
erators simultaneously form hydrate complexes with
water molecules and thereby reduce the W / C ratio,
which also contributes to accelerating the rate of con-
crete hardening [21].
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In the experimental part, an additive was pre-
pared based on the superplasticizer C-3 and a water-
soluble caprolactam oligomer (I1-60P) at a ratio of 0.5: 1.0
(additive No. 3). Another additive was prepared on the
basis of a mixture of C-3 superplasticizer, deactivated
LTC and water-soluble caprolactam oligomer (1-60P)
in a component ratio of 0.2 : 0.5 : 0.8 (additive No. 4).

The components were preliminarily subjected
to joint grinding in a laboratory vibrating mill to the
degree of dispersion of solid particles of the LTC to 20-
30 pm.

The concrete mixture of grade B22.5 was pre-
pared in accordance with [22]. For the manufacture of
sample cubes, we used cement grade CEM | 42.5 N
GOST 31108-2003, quartz sand with a size modulus of
2.0-2.5 in accordance with GOST 8736-85, crushed
stone of granite fraction 5.0-20.0 mm in accordance
with GOST 10268-80, tap technical water in accord-
ance with GOST 10268-80 GOST 2874-82. The mix-
ing of the concrete mixture was carried out at a water-
cement ratio (W/C) of 0.4. Additives were added with
mixing water at a concentration of 0.35% (wt.) of the
cement weight.

The results of testing samples are cubes of con-
crete B22.5 with a size of 100x100x100 mm are shown
in the Table. To calculate the compressive strength of
concrete and water absorption, six sample cubes were
tested.

The average values of each indicator were de-
termined. Strength tests were carried out in accordance
with GOST 1080-90 on a P-125 hydraulic press with a
scale of 62.5 tf. When calculating the strength of con-
crete, a table was used to recalculate the compressive
load taking into account the correction factor K = 0.95,
taking into account the size of the face of the cube of
the test sample (100 mm), since cubes with a face size
of 150 mm are standard according to GOST 10180-90,
GOST 18105-86.

After placing concrete in molds and vibrating
on a laboratory vibrating table the samples were placed
in a chamber for heat and moisture treatment (HMT)
according to the following mode:

- temperature rise from +20 °C to +80 °C within 3 h;
- exposure at 80 °C within 8 h;

- cooling from +80 °C to + 20 °C within 4 h;

- exposure at +20 °C within 9 h.

Further, the samples were removed from the
molds, examined in order to identify external defects
of the cubes, then tests for strength and water absorp-
tion were carried out (Table).

As a comparison of the effect of additives on
the properties of concrete, samples of concrete without
additives (1) and with the addition of C-3 superplasti-
cizer (2) were investigated.
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Table

Physical and mechanical characteristics of B22.5 grade concrete
Taoauya. PU3uKo-MeXxaHUYECKHE XapaAKTePUCTUKHU OeToHa Mapku B22,5

Grade B22.5 concrete . Setting time, min, Compressive Water
Additive strength, MPa, ;
Ne samples GOST 310.3 absorption, %
amount, % GOST 10180 GOST 12730.0
Beginning End 1 day 28 days '
1 Without additives 175 252 19.6 29.8 1.88
2 | With the S-3 addition 0.35 198 288 20.8 35.6 1.26
With S-3 additive and
3 | caprolactam oligomer 0.35 186 208 23.2 37.4 0.88
I-60P
With S-3 additive and 0.65
4 | caprolactam oligomer 0.35 207 302 24.9 42.6 '
I-60P and LTC

Investigation have shown a positive effect of
additives on the properties of B22.5 grade concrete.
The data in the Table indicate that the maximum effect
of increasing concrete strength and reducing water ab-
sorption is achieved by using a complex additive (4)
based on the composition of superplasticizer C-3, ca-
prolactam oligomer 1-60P, deactivated LTC, which is
a technological waste of caprolactam production [23-24].
This is due to the fact that the caprolactam oligomer I-
60P is an effective wetting agent and emulsifier dis-
persed systems of the "water-oil" type. In its presence,
the amount of C-3 superplasticizer required for mixing
the concrete mixture at 20 °C dissolves in water in 48 s,
while without I-60P in 57 s. The adsorption properties
of the caprolactam oligomer I-60P are characterized by
the wetting angle of the glass plate surface, the value
of which is 19.2 °. Consequently, due to this factor, the
rate and specific area of wetting of the surface of ce-
ment particles, as well as of the low-temperature NTK
catalyst, increases. The carbonates, calcium and zinc
oxides included in its composition intensify crystalli-
zation processes, the rate of which increases in propor-
tion to the decrease in time in the concentration of plas-
ticizing additives in the concrete matrix — superplasti-
cizer C-3, caprolactam oligomer I-60P. It should be as-
sumed that the end time of the plasticizing effect of the
additives coincides with the beginning of active con-
crete hardening.

The investigation have established the effec-
tiveness of the action of additives No. 3,4, which ex-
hibit a plasticizing effect at the stage of preparation of
the concrete mixture and the formation of a coagulation
structure, and at the subsequent stage as accelerators of
hardening, increasing the strength of concrete under
compression.

It can also be concluded that the combination
of superplasticizer C-3 and caprolactam oligomer I-
60P increases the degree of hydration not only cement

ChemChemTech. 2021. V. 64. N 4

grains, but also accelerates the reaction of mixing wa-
ter with calcium oxide contained in the catalyst for cy-
clohexanol dehydrogenation [25]. The resulting cal-
cium hydroxide and then calcium hydrosilicate accel-
erate the main processes of cement hydration. The re-
sults of the additive action of C-3 superplasticizer, ca-
prolactam oligomer 1-60P, cyclohexanol dehydrogena-
tion catalyst (LTC) are: 1) an increase in the degree of
cement hydration due to the synergy of the wetting
properties of C-3 superplasticizer together with 1-60P
oligomer; 2) an increase in the period of the beginning
and end of the setting of the concrete mixture contrib-
utes to the formation of a denser crystallization struc-
ture; 3) the oxides, hydroxides, calcium and zinc car-
bonates contained in the LTC are additional crystalli-
zation centers that additionally contribute to the for-
mation of a denser concrete structure. For this reason,
the indicators for the strength and water absorption of
concrete are significantly improved, which is typical
for additives No. 3.4 (Table).

Thus, additives No. 3, 4, according to their
functional properties, can be attributed to the group of
accelerating-plasticizing, which have prospects for use
in construction production. An important advantage of
using the additives is a stable domestic raw material
base, manufacturability of preparation, competitive
price and high quality.

It should be noted that in the preparation of the
additives, the superplasticizer C-3 and the deactivated
LTC are used without preliminary preparation. Capro-
lactam oligomer of 1-60P was obtained by the method
of low-temperature synthesis from concentrated wastes
of caprolactam (CWC) in a mixture of glycerin and
amino alcohols.

Practical application of the investigated addi-
tives 3 and 4 simultaneously solves the problem of
complex use of secondary wastes of chemical produc-
tion, which are concentrated wastes of caprolactam and
deactivated LTC.

107



N.B. ITonsxos, M.B. bapannukos, E.A. CtenanoBa

10.

11.

12.

13.

14.

15.

108

JIUTEPATYPA

Baxenos FO.M. Texnonorus 6erona. M.: ACB. 2011. 528 c.
3otrkun A.I'. Berons! ¢ apdexTnBHEIMI n100aBKamMu. M.:
Wndpa-Nmxenepus. 2014. 160 c.

HzoroB B.C., CokonoBa F0.A. XuMuueckue 100aBKH It
Moudukarn 6etoHa. M.: [Taneorum. 2006. 244 c.
Kacrtopubix JI.H. [lo6aBku B OETOHBI 1 CTPOHUTENBHBIE pac-
TBOpHL. PocToB: denukce. 2007. 221 c.

Hoasiko B.C., ITagoxun B.A., Akyn1oBa M.B., Cbip0y
C.A. YaydiieHue NpOYHOCTHBIX CBOMCTB TSKETBIX OETOHOB
XMMHYECKHMH 100aBKaMH Ha OCHOBE OJIUTOMEPOB £-KaIpo-
nakTama. M36. 8y306. Xumus u xum. mexnonozus. 2012. T.55.
Bem. 8. C. 118 -121.

Bosk A.U. CoBpeMeHHOE CTPOUTENBCTBO C COBPEMEHHBIMU
nobaskamu. Cmpotuillpoguns. 2006. Ne 8 (54). C. 47-48.
Hryen [pix Bunb Kyanr, BaxenoB FO.M., AnexcaH-
aposa O.B. BinsiHye KBapIieBoro moporka 1 MUHEpaJIbHBIX
NOOAaBOK Ha CBOWCTBAa BBICOKOI()(EKTHBHBIX OETOHOB.
Becmu. MI'CY. 2019. T. 14. Ne 1 (124). C. 102-117. DOI:
10.22227/1997-0935.2019.1.102-117.

Cypxos B.H., CosioBseBa B.S1. beton, He TpeOyromuii BbI-
COKOKa4eCTBEHHOTO ChIpbs. Hegpmezas. oeno. 2015. T. 13. Ne 4.
C. 239-243.

Bbaxenos 10.M., Boponun B.B., Aimmos JLA., Baxpax A.M.,
Jlapcen O.A., ConoBbeB B.H., Hryen /I.B.K. Bricokokadue-
CTBEHHBIE CAMOYIUIOTHSIOIIHECS] OETOHBI C UCTIOJIE30BAHHEM OT-
XOJ0B Cxkuranus yrist. Becmu. MI'CY. 2017. T. 12. Ne 12 (111).
C. 1385-1391. DOI: 10.22227/1997-0935.2017.12.1385-
1391.

®am Jux Txaur, Byarakos b.U., Taur Ban Jlam. [Tpu-
MEHEHHE MEJIKO3EPHUCTOTI0 TOPKPET-OETOHA JJIsl CTPOUTEIb-
cTBa TyHHesel MeTpo. Becmu. MI'CY. 2016. Ne 7. C. 81-90.
DOI: 10.22227/1997-0935.2016.7.81-90.

Kpasuos A.B., l{pioakun C.B., EBceeBa T.M., Co6oJieB
K.I'., TIoranoB B.B. JIuTeie 0€TOHBI C HCIIOIH30BAHUEM OT-
XOJI0B MEJIETIABIIILHOTO MPON3BOCTBA 1 HAHOKPEMHE3eMa.
Bectn. MI'CY. 2017. T. 12. Ne 9 (108). C. 1010-1018. DOI:
10.22227/1997-0935.2017.9.1010-1018.

AugexkceeB B.A., Xapuenko U.51., Xapuenko A.WU., baskenoBa
C.U., Berepone A.C.J. MomudumpoBaHHble OETOHHBIE
CMeCH 11 IPOCTPAHCTBEHHBIX KOHCTPYKIIHI, HAHOCHMBIE Me-
TozoM Habperra. Becmu. MI'CY. 2016. Ne 11. C. 48-58. DOI:
10.22227/1997-0935.2016.11.48-58.

Filimonova O.N., Enyutina M.V. Khvostov A.A.,
Ryashskih V.I. MozaenupoBatue nporiecca AeCTPYKIUH Ya-
CTHI] [IEMEHTA B HAYaJIbHOM CTaJINK TUIpaTalyu. /36. 6)306.
Xumust u xum. mexnonozus. 2019. T. 62 Bemm. 11. C. 138-142.
DOI: 10.6060/ivkkt.20196211.5986.

I'epacun B.A., KypenkoB B.B. CoBmectHas 00paboTka
OCHTOHHUTOB HEOPTaHUYECKUMHU MOJUIIEKTPOINTAMH U Ka-
THOHHBIMH TaB /ISl 00JIeTYeH st SKCHOTHAIIMNA OPTaHOTITHH.
U36. 6y306. Xumus u xum. mexnonozus. 2019. T. 62. Beim. 5.
C. 71-77. DOI: 10.6060/ivkkt.20196205.5746.
Bunorpagosa JI.A., I'paueBa }0.H. Biausnue ynusepcaib-
Holi 100aBKM OecT Ha cBolicTBa OeToHa. Becmu. Bopoweoic.
eoc. yn. unc. mexnonoauti. 2018. T. 80. Ne 4 (78). C. 361-365.
DOI: 10.20914/2310-1202-2018-4-361-365.

10.

11.

12.

13.

14.

15.

Uss

REFERENCES

Bazhenov Yu.M. Concrete technology. M.: ASV. 2011. 528 p.
(in Russian).

Zotkin A.G. Concretes with effective additives. M.: Infra-
Engineering, 2014.160 p. (in Russian).

Izotov V.S., Sokolova Yu.A. Chemical additives for modi-
fying concrete: monograph. M.: Paleotyp. 2006. 244 p. (in
Russian).

Kastornykh L.lI. Additives to concrete and building solu-
tions: study guide. allowance. Rostov: Phoenix. 2007.221 p.
(in Russian).

Polyakov V.S., Padokhin V.A., Akulova M.V, Syrbu S.A.
Improvement of the strength properties of heavy concrete by
chemical additives based on g-caprolactam oligomers. lzv.
Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2012. V. 55. N 8.
P. 118-121 (in Russian).

Vovk A.l. Modern construction with modern additions.
StroyProfil. 2006. N 8 (54) P. 47-48 (in Russian).

Nguyen Duc Vinh Quang, Bazhenov Yu.M., Alexandrova
O.V. The influence of quartz powder and mineral additives
on the properties of high-performance concretes. Vestn.
MGSU. 2019.V. 14. N 1 (124). P. 102-117 (in Russian). DOI:
10.22227/1997-0935.2019.1.102-117.

Surkov V.N., Solovieva V.Ya. Concrete that does not re-
quire high-quality raw materials. Neftegaz. delo. 2015. V. 13.
N 4. P. 239-243 (in Russian).

Bazhenov Yu.M., Voronin V.V., Alimov L.A., Bakhrakh
A.M, Larsen O.A,, Soloviev V.N., Nguyen D.V.K. High quality
self-compacting concretes using waste from coal combustion.
Vestn. MGSU. 2017. V. 12.N. 12 (111). P. 1385-1391. (in Rus-
sian). DOI: 10.22227/1997-0935.2017.12.1385-1391.

Pham Dik Thang, Bulgakov B.I., Tang Van Lam. Appli-
cation of fine-grained shotcrete for the construction of sub-
way tunnels. Vestn. MGSU. 2016. N 7. P. 81-90 (in Russian).
DOI: 10.22227/1997-0935.2016.7.81-90.

Kravtsov A.V., Tsybakin S.V., Evseeva T.M., Sobolev K.G.,
Potapov V.V. Cast concrete using copper-smelting waste and na-
nosilica. Vestn. MGSU. 2017. V. 12. N 9 (108). P. 1010-1018 (in
Russian). DOI: 10.22227/1997-0935.2017.9.1010-1018.
Alekseev V.A., Kharchenko l.Ya., Kharchenko A.l., Bazhe-
nova S.1., Beterbiev A.S.E. Modified concrete mixes for spatial
structures, applied by spraying. Vestn. MGSU. 2016. N 11.
P. 48-58 (in Russian). DOI: 10.22227/1997-0935.2016.11.48-58.
Filimonova O.N., Enyutina M.V., Khvostov A.A., Ryash-
skih V.1. Modeling the process of destruction of cement par-
ticles at the initial stage of hydration. Izv. Viyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol. [ChemChemTech]. 2019. V. 62. N 11.
P. 138-142 (in Russian). DOI: 10.6060/ivkkt.20196211.5986.
Gerasin V.A., Kurenkov V.V. Combined processing of
bentonites with inorganic polyelectrolytes and cationic sur-
factants to facilitate exfoliation of organoclay. lzv. Vyssh.
Uchebn. Zaved. Khim. Khim. Tekhnol. [ChemChemTech].
2019. V. 62. N 5 P. 71-77 (in Russian). DOI:
10.6060/ivkkt.20196205.5746.

Vinogradova L.A., Gracheva Yu.N. Influence of the uni-
versal additive best on concrete properties. Vestn. Voronezh.
Gos. Un-ta Inzh. Tekhnol. 2018. V. 80. N 4 (78). P. 361-365
(in Russian). DOI: 10.20914/2310-1202-2018-4-361-365.

. By30B. Xumus 1 xuM. texHojorus. 2021. T. 64. Bein. 4



16.

17.

18.

19.

20.

21.

22.
23.

Bunorpanosa JI.A. BiisiHue BBeleHUs CylepIniacTU(HKa-
topa "[lonmumnact CII-3" Ha cBolicTBa OeToHa. Cmexiio u Ke-
pamuka. 2018. Ne 4. C. 39-41. DOI: 10.1007/s10717-018-
0047-0.

IOxneBckuii I1.M. Bnusinue XxuMuueckux 100aBOK-TLUIACTH-
(HKaTOPOB HA CTPYKTYPY U CBOHCTBA THAPOCIIIMKATHOTO Tl
U3s. 8y306. Cmpoumenscmeo. 2013. Ne 4 (652). C. 43-48.
CrenoBuy M.A., Kocenko H.®., Buproc A.A., lllunko
M.H., Cubupes A.Jl. MccinenoBanus MHKPOCTPYKTYpPBI U
CBOMCTB IIEMEHTHBIX CHCTEM, IOABEPTHYTHIX MarHUTOHM-
MyJIbCHOMY BO3/EUCTBUIO. Mart. per. yHUBEp. HayYHO-TIPaK-
taeckoil koH(pepenmu. Cep. "EcTrecTBeHHBIE U TeXHHYeE-
ckue Hayku" 2019. C. 410-415.

®enocos C.B., Akynosa M.B., Ciiu3neBa T.E. Uzyuenue
JIMCIIEPCHOTO COCTaBa HAHOCTPYKTYPHPOBAHHOI JKHIIKOCTH,
HCTIONB3YEMOH UIS 3aTBOPEHHSI MEIIKO3EPHUCTHIX OETOHOB.
C6. nay4. Tp. PAAuCH. Mocksa. 2018. C. 474-479.
AxyaoBa M.B., YassanoBa E.A. O6paboTka KOHCTpYKIMiA
MOMMEPHBIMH TIPONUTKAMH: JOCTOMHCTBA U HEIOCTaTKU.
C6. mar. MexIyHapoJHOW Hay4YHO-IPAaKTHUECKOH KOHpe-
peHINH, MOoCBANIeHHOH 370-i rogoBIIMHE 00pa30BaHUs MO-
xapHoit oxpaubl Poccun. 2019. C. 25-27.

CHull 82-02-95 «®enepanbHble 3JIEMECHTHBIC HOPMBI pac-
XOJla IIEMEHTa NIPU H3TOTOBJICHHH OCTOHHBEIX M JKelle300e-
TOHHBIX U3JIEIUN U KOHCTPYKLUI».

I'OCT 18105-86 «beronsl. IIpaBuia KOHTPOIIS IPOYHOCTH
Hcakynos B.P., AkysioBa M.B., Kyabmapos B.b., CaproBa
AM.,, UcakynoB A.B. [lonydenue 1 uccnenoBaHue CBOICTB Bsi-
XKYIIMX Ha OCHOBE OTXOJIOB HehTerasoBoil MPOMBIILUICHHOCTH.
Okcnepm: meopus u npakmuxa. 2020. Ne 5 (8). C. 34-38.

ChemChemTech. 2021. V. 64. N 4

16.

17.

18.

19.

20.

21.

22.
23.

I.V. Polyakov, M.V. Barannikov, E.A. Stepanova

Vinogradova L.A. The influence of the introduction of the
superplasticizer "Polyp-last SP-3" on the properties of con-
crete. Steklo i keramika. 2018. N 4. P. 39-41 (in Russian).
DOI: 10.1007/s10717-018-0047-0.

Yukhnevsky P.1. Influence of chemical additives-plasticiz-
ers on the structure and properties of hydrosilicate gel. lzv.
Vyssh. Uchebn. Zaved. Stroitelstvo. 2013. N 4 (652). P. 43-48
(in Russian).

Stepovich M.A., Kosenko N.F., Viryus A.A., Shipko M.N.,
Sibirev A.L. Investigations of the microstructure and prop-
erties of cement systems subjected to magnetic impulse ac-
tion. Mat. of the reg. univ. scient. and practical conference.
Ser. "Nat. and tech. sciences" 2019. P. 410-415 (in Russian).
Fedosov S.V., Akulova M.V., Slizneva T.E. Study of the
disperse composition of nanostructured liquid used for mix-
ing fine-grained concrete. Coll. of scient. papers of the
RAACS. Moscow. 2018. P. 474-479 (in Russian).

Akulova M.V., Ulyanova E.A. Processing of structures with
polymer impregnations: advantages and disadvantages. Coll.
of mat. of the International Scientific and Practical Confer-
ence dedicated to the 370th anniversary of the formation of
the fire protection of Russia. 2019. P. 25-27 (in Russian).
SNiP 82-02-95 "Federal elementary rates of cement con-
sumption in the manufacture of concrete and reinforced con-
crete products and structures.” (in Russian).

GOST 18105-86 “Concrete. Strength control rules”
Isakulov B.R., Akulova M.V., Kulsharov B.B., Sartova
A.M., Isakulov A.B. Obtaining and studying the properties
of binders based on oil and gas industry waste. Ekspert: te-
oriya i practika. 2020. N 5 (8). P. 34-38 (in Russian).

IHocmynuna ¢ pedaxyuio 19.10.2020
Ipunsama x onybnurxosanuro 25.02.2021

Received 19.10.2020
Accepted 25.02.2021

109



