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Annomayusn. Ilossnenue ¢ 1980-x 200ax 3¢hpexkmusnbix Xumuueckux Moougukamopos,
pe2yaupyiouux Cceoucmea OemoHHbIX CcMeceli, NO380IUN0 3HAYUMENbHO YIYYuUms @u3uKo-
MexaumuyecKkue C80UCmM8a NoLyYaemMvlx OemOHHbIX KOMNo3umos. Illpumenenue maxux cocmagos
CnOCco6CmB06ano  pazeumulo  MexHoI02uu OemoHUpo8aHusi 0cob0 CIONHCHLIX KOHCMPYKYUL,
no36osI0uell He MOoIbKO NO8bIUAMb NPOYHOCMHbIEe nokazamenu bemonos 0o 100-120 Mlla, no u
NpUMeHAmMb 00bIUHbIE U 8bICOKONPOYHbBLE OEMOHUL.

Cmpykmypa u c8olcmea MHO2OKOMHOHEHMHbIX C8A3VIOWUX ONpeoensiomcs bvlOopom
HeoOX00UMbBIX UCXOOHBIX MAMEPUATIO8, A MAKI’CE UX COOMHOUEHUeM, OUCnepcueli U aKkmugHoCmbio.
Taxum obpazom, HeobXoOuMbIM yciosuem coszoanus BB aensemcsa obs3amenvHoe Haludue 8 e2o
cocmase 0peaHu4ecKko20 Moougukamopa, evicmynaiouje2o 8 poau ycuiumens opoonenus. Llenvio
CcO8MeCmH020 OpoONieHUs. KIUHKePd, Op2aHU4ecKko20 KOMHOHEHMA, 8800UMO20 6 ONpedesleHHOM
Koauyecmee, U MUHEPAIbHBLIX 000AB0K 6 6ude 0mxo008 Npou3o0cmsed (0mxoodbl 2O0pHO-
obocamumenvHuix komobunamos (I'OK), paspywenus npu opobrenuu azpecamos uz meepovix nopoo,
AKMUBHBIX MUHEPATbHBIX 000ABOK NPUPOOHO20 U UCKYCCMBEHHO20 NPOUCXOHCOEHUS) ABNISICMCS He
MONILKO NOJYYeHUe OnpeoeneHHOl OUCNepCUuu COPMUpOBWUKd, HO U YCMAHOGNeHUue @U3UKo-
XUMUYECKUX CB85A3el MedHcO0y aKMUBHOU NOGEPXHOCMbIO YACMUY KIUHKEPA U OpP2aHU4ecKol
00baskoll.obecneuenue 3auUMo0eticmeus 00 NOIHO20 COeOUHEHUs.

B oannoii pabome paccmampusaemca Mooudukayus SMOPUYHLIX MEPMONIACMUYHBIX
NOAUMEPOS, 8 YACMHOCMU, BMOPUUHBIX NOAUAMUOA U CUTUKAMSAUObI YEeMEHMHbIMU BANCYUSUMU
cOCMasamu, npu UCNOIb308AHUU KOMOPBIX 03MONCHO NOJLyYeHUe MAMEPUATIO8 C bICOKUMU (DUSUKO-
MEXAHUYECKUMU — CEOUCMBAMU,  VIVUULEHHbIMU — 2UOPOPUIUYECKUMU U  MPUOONIOSULECKUMU
nokazamensamu. CHud@Ccenue 3ampam Ha CmpoumenbCmeo MOXCHO peluums 3a ciem npuodbpemeHus
HOBBIX CIMPOUMenbHuIX Mamepuanos. Munepanvhvie 6adxcywue, HeCMOmMps HA C80U NPeUMyUWecmad,
umerom pso HedoCMamKos8 u mpeoyom 66e0eHUst MOOUDPUYUPYIOWUX 000ABOK.

Mooughuyupyrowue Komnonenmvl NO3601AI0M COKPAMUMb CPOKU BbINOAHEHUS padbom u
yeenuuums 0b6opom 0060py008anus U OCHACMKU 3a cdem YVIVHUEHUS QU3UKO-MeXaHUYeCcKUXx,
2UOPOPUUYECKUX U MEXHOTOSUUECKUX XAPAKMEPUCMUK CMPOUMETbHBIX MAMEPUANO8.

Knrouesvie cnosa: nonumep-yemenm, NONUSUHUIXIOPUO, NOIUAMUO, MOOUDUKAYUS,
NPOYHOCb HA CoHcamue, CpeoHssk NIIOMHOCMb, 6000N02NIOWEHUe.

MUHEPAJJIBIK BAMJIOOYY HETU3AEJTEH D®PEKTUBAYY
KOMITIO3NLUAJIBIK MATEPUAJIIAP

HNmanraan A.B.}, Akmanaiiyasl K.

K. 4. Camnaes amwvindazor Kaszax Yiymmyx usunoee mexuuxkanvlk YHUSEPCUMEmMuHUH cnyoeHmi,
isangaliajymzan4@gmail.com

2K. U. Camnaee amvinoazvl Kazax Yiymmyx usunoee mexuukaivik yHueepcumemunun npogeccopy,
kakmalaev@mail.ru



mailto:isangaliajymzan4@gmail.com
mailto:kakmalaev@mail.ru
mailto:isangaliajymzan4@gmail.com
mailto:kakmalaev@mail.ru

Annomayusn. 1980-dxcvindapvl bemon apanauwimManapviiblH KACUEMMEPUH HCOHEO CATYVYY
HamwliHcanyy XUMUsiblK MOOUGUKamopaopoyH nauoa 60ayuLy, anvlHean Oemon KOMNO3UmmepuHuH
PUBUKATLIK-MEXAHUKANLIK  KACUEeMMePUH Kbllid dAcakuiblpmyyea MYMKYHOYK Oepou. Muinoatl
KOULYIMANAapobl KOAOOHYY 6emoHO0opoyH bekemoux kopcomxyumepyn 100-120 MIla ueviun eana
JHCO2OPYIAMNACIAH, KAOUMKU HCAHA HCO2OPKY ObIUBIK OEMOHOOPOY KOIOOHYYeA MYMKYHOYK bepeer
032046 Mamaa KOHCMPYKYUAIApovl OemoH000 MexXHON0SUACHIH OHYKMYPYY20 606126 my30y.

Kon xomnonenmmyy Oupukmupeuymepourn my3yayuly JHCaHA Kacuemmepu KepeKmyy
bawmankel mamepuanidapobl MaHo0o, OWOHOOU 3jie alapOblH Kambliubl, OUCNEPCUSCHL JICAHA
akmusoyyayey menen anvikmanam. Quenmun, BBHbBI my3yyHyH 3apvin wapmuol aHblH KYPAMbIHOA
Matioanoony UHMeHCUQUKamopoyH poiyH amkapean OpeaHuKaiblk MOOUDUKAMOPOYH MULOEMMYyy
oonyuy boayn cananram. Knunkepou, bereunyy canoa Kupeusuiyyiy OpeaHuKaiblk KOMHOHEHmMmu
JAHCAHA OHOYPYWL KALOLIKMAPbL MYPYHOOLY MUHEPAIObIK KOWLYIMALapovl (Moo-KeH oOaublmyy
Komounammapwvinwvin karovikmapwl (I'OK), kamyy moo mexmepunen azpecammapovl MAuodaioOH)
JHCOK KBLIYYNAp, MAOUSIU HCAHA HCACATIMA KeUn ubieyyoacvl AKMueoyy MUHepaioblK KOULyImManiap)
oupeenewun MatlOaiOOHYH Makcamvl-0yn upeooeuy OelculeHeeH OUCHEPCUsIHbL alyy 2aHd dMec,
OWOHOOU dJle KIUHKep OONyKYONepyHyH AKmugoyy Oemu MeHeH OpeaHUKANbIK KOULYMYAHBIH
OpMOCYHOA2bl (PUBUKATBIK-XUMUSAILIK 63 apa apakemmeHyyHy MOAYK OQUIAHbIUMbIPYYed YeluuH
KAMCbL3 KbLIYY.

byn smeexme skunuu mepmMoOnIaCmMuKaiblKk NOIUMEPAEPOUH, aAMAan AUuMKAHOA SKUHUUIUK
NOAUAMUO  HCAHA — CUNUKAM-2TUOAHBIH — YeMEeHMMUK — OUPUKmupeuy  KOULYIMAaiapbl — MeHeH
Mooughukayuscol  Kapaiam, — aiapovl  NAUOANAHYYOd — IHCOCOPKY — (DUBUKATLIK-MEXAHUKAILIK
Kacuemmepu 0ap, 2UOPOPUIUANBIK HCAHA MPUOONIOSUANBIK KOPCOMKYUMOPY HCAKULLIDMBLICAH
mamepuanodapovl anyy MymkyH. Kypymyur uvbleblMoapbit azaumyy dcansl Kypyiyul Mamepuaioapbli
anyy MeHen Yedunumiy MymKyH. Munepanovik acmpeeneHmmep, apmuiKUbLIbIKIMAPbIHA Kapabacmad,
Oup Kamap Kemuumiukmepee 93 AHCAHA MOOUPUKAYUSIOOUY KOUWLYIMALAPObl KUPSUZYYHY MAian
KolLuam.

Moougukayusnoouy KomnoneHmmep Kypyayul Mamepuailoapbliblh QU3UKOMEXaAHUKATbIK,
2UOPOPUSUKANLIK  HCAHA — MEXHONOSUANBIK — MYHO300MONOPYH — HCAKUIBIPMYYHYH — 9CeOUHeH
ACYMYUWMAaApObl AMKAPYY MOOHOMYH KbICKAPMYVead HCAHA HCAOOYYIAPObIH HCAHA HCADOLIKMAPObIH
AHCYYPMYAYULYH KOOOUMY Y20 MYMKYHOYK bepem.

O30Kmyy ce300p:. noaumep-yemenm, HOJUBUHUIXIOPUO, NOIUAMUO, MOOUDUKAYUS, KbICYY
Ky4y, Opmo4o mulebi30biebl, CYVHY CUHUDYY.
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Abstract. The appearance in the 1980s of effective chemical modifiers regulating the properties
of concrete mixtures made it possible to significantly improve the physical and mechanical properties
of the resulting concrete composites. The use of such compositions contributed to the development of
concreting technology of particularly complex structures, which allows not only to increase the
strength indicators of concrete up to 100-120 MPa, but also to use conventional and high-strength
concrete.

The structure and properties of multicomponent binders are determined by the choice of the
necessary starting materials, as well as their ratio, dispersion and activity. Thus, a necessary
condition for the creation of explosives is the mandatory presence of an organic modifier in its
composition, acting as a crushing amplifier. The purpose of joint crushing of clinker, an organic
component introduced in a certain amount, and mineral additives in the form of production waste
(waste from mining and processing plants (GOK), destruction during crushing of aggregates from
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hard rocks, active mineral additives of natural and artificial origin) is not only to obtain a certain
sorter dispersion, but also to establish physio — chemical connections between the active surface of
clinker particles and the organic additive ensuring interaction until full connection.

In this paper, we consider the modification of secondary thermoplastic polymers, in particular,
secondary polyamide and silicate slabs with cement binders, using which it is possible to obtain
materials with high physical and mechanical properties, improved hydrophysical and tribological
parameters. The reduction of construction costs can be solved by purchasing new building materials.
Mineral binders, despite their advantages, have a number of disadvantages and require the
introduction of modifying additives.

Modifying components make it possible to reduce the time of work and increase the turnover of
equipment and tooling by improving the physical, mechanical, hydro physical and technological
characteristics of building materials.

Keywords: polymer-cement, polyvinyl chloride, polyamide, modification, compressive strength,
average density, water absorption.

Introduction. Both components are usually involved in the hardening of binders with
polymer additives. The degree of such participation largely depends on the properties and
composition of both the inorganic binder and the polymer additive. Such compositions
acquire properties from each component, while polymer additives increase the ultimate
extensibility of concrete, their impact strength, tensile and bending strength, abrasion
resistance, adhesion to other materials, etc.[1]

The increased cost and specific properties of polymer-cement materials determine the
rational areas of their application: thin-layer coatings, adhesive compositions during finishing
and repair work, homologating compositions, etc.[2].

Polyvinyl chloride (PVC) is one of the multi-tonnage polymers and, accordingly, forms
the largest amount of waste, since it is used in various fields of technology for the production
of both construction and other industrial and household materials and products (linoleum,
siding, finishing plates, pipes, casings, baseboards, furniture, containers, packaging, etc.) The
share of technogenic PVVC waste accounts for 60% of the total amount of all polymer waste.
Recycling of PVC waste is difficult due to the fact that P\VC materials and products have a
complex composition, including various additives, and undergo significant changes during
operation [3]

A significant place among solid polymer waste is occupied by polyamide waste (PA),
formed mainly during the production and processing into fiber products (nylon and amide),
as well as disused products. The amount of waste in the production and processing of fiber
reaches 15% (11...13% of them in production). Since PA is an expensive material with a
number of valuable chemical and physico-mechanical properties, the rational use of its waste
is of particular importance [4].

Waste recycling contributes to the improvement of the environmental situation and the
introduction of waste-free technologies for the production of materials and products [5]. It

should be noted that polymer additives are usually introduced into building materials in small



quantities (1 — 5% by weight of the mineral binder) in order to plasticize or hydrophobize
them [6].

The relevance of the topic and the formulation of tasks. The aim of the work is to
develop composite materials based on mineral binders modified with dispersed additives of
secondary thermoplastic polymers, with the use of which it is possible to obtain materials
with high physical and mechanical properties and improved hydrophysical parameters.
Current environmental problems, as well as the depletion of the raw material base of our
country have shown the relevance of research for modern materials science.

Theoretical justification. In this work, the composition of the resulting cement-
polymer material included the following components: portland cement 500-D20 (GOST
10178 — 85) with a normal density of cement dough of 25% was used as a mineral binder,
secondary polyamide (TU 6 —13-3 —88) and secondary polyvinyl chloride (GOST 14332 —
78), cryogenically crushed to 0.14-0.63 mm.

The cement-polymer material was obtained by mixing a fine polymer with cement to a
homogeneous state and then gradually adding mixing water with the addition of
hyperplasticizer Relamix (TU 5870 — 002 — 14153664 — 04) injected in an amount of 0.45%.

The polymer was injected in an amount of 2.5; 5% and 15% by weight of the mineral
binder (P / C = 0.026; 0.056; 0.176). The finished modified mixture was placed in molds in
the form of beams with a size of 40x40x160 and compacted on a vibrating platform for =~
1min. Next, the samples were placed in a steaming chamber for 12 hours with a temperature
of 80-850C. After 7 days, the bending strength of the obtained samples was tested. For the
determination, a Quasar 50 press was used, during the tests, the load was gradually increased
until the samples were destroyed. After 28 days, the compressive strength was determined,
during the tests, the load was also gradually increased until the samples were destroyed.

To determine the water absorption of the samples, they were weighed on a scale. Then
the samples were placed in a container filled with water so that the water level in the container
was above the upper level of the stacked samples by about 50 mm, the water temperature in
the container was (20 + 2) °C. 24 hours after the samples were immersed in water, they were
taken out of the water, wiped with a cloth, weighed on a scale; on the basis of which the water
absorption of the obtained materials was determined.

The abrasion of cement-polyamide samples was determined at the age of 7 days (GOST
13087 — 81). The samples for testing on the abrasion circle had the shape of a cube with an
edge

70 mm long. The samples were tested in series. The number of samples in the series is
three, they were installed in special sockets of the abrasion circle. A concentrated vertical
force of 300 N was applied to each sample (in the center), which corresponds to a pressure of
60 kPa. The first portion of 20 g of grinding grain 160 — 200 microns (GOST 3647 — 80) was



poured on the abrasion disc in a uniform layer. After installing the sample and applying the
abrasive to the abrasive disc, the wheel drive was turned on and abrasion was performed.
Every 30 m of the abrasion path traversed by the samples (28 revolutions on an attrition circle
of the LKI-2 type), the attrition disk was stopped. The remnants of abrasive material and
powdered concrete were removed from it and a new portion of abrasive was poured on it and
the drive of the abrasive wheel was turned on again.

Practical research and conclusions. The experiments have shown that the optimal
composition of the mix binder is: P /C = 0.056, which is 5% polyamide and P /C = 0.026,
which is 2.5% polyvinyl chloride. It is with this ratio that there is an increase in the bending
strength of polyamide-cement material by 47.7%, and polyvinyl chloride-cement by 40%
(Figure 1). It should be noted that with the content of 2.5% polyamide in the resulting
material, an increase in compressive strength by 2.4% is observed (Figure 2).
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Figure 1 - Dependence of the bending strength of cement polyamide samples on the polymer
content
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Figure 2 — Dependence of the compressive strength of cement — polyamide samples on
the polymer content
This can be explained by the fact that the polymer binder forms elastic interlayers

between the crystalline neoplasms of the cement binder, adsorbing on its surface and, due to



the high adhesive properties of the organic binder, increases the strength and deformability of
the material during bending. With a further increase in the content of the polymer component
(more than 5% PA and 2.5% PV C), a decrease in the bending strength of the obtained samples
Is observed, which is explained by the weakening of the internal structure of the mineral
matrix of cement-polymer samples. The obtained results are also confirmed by decreasing
values of average density (Figure 3). This can also be explained by the fact that the true
density of polymers is 2 — 3 times less than cement: the true density of polyamide is 1010 —
1140 kg/m?3, polyvinyl chloride is 1350 — 1430 kg/m?3, and cement is 3000 — 3200 kg/m?.
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Figure 3 - Dependence of the average density of cement-polymer samples on the polymer
content

When the content of polymer in cement-polyamide material is more than 2.5%, their
water absorption increases by an average of 18% due to the fact that part of the water is
adsorbed on particles of organic hydrophilic polyamide binder. With respect to PVC cement
samples, with an increase in the polymer content to 5%, there is a decrease in water absorption
by 57.5%, which can be explained by the hydrophobicity of this polymer (Figure 4).
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Figure 4 - Dependence of water absorption of cement-polymer samples on polymer content
A feature of cement-polyamide materials is their high wear resistance. The abrasion

resistance increases with an increase in the content of polymer additives in them. A material
with a secondary polyamide content in the amount of 5% (in terms of dry matter) of the



cement mass in terms of wear resistance is 0.18 g / cm2, which indicates a sufficiently high
wear capacity of the developed material and, consequently, the possibility of its use in road
construction.

Conclusion. Thus, when comparing composite materials modified with secondary PA
and PVC, it was concluded that it is possible to obtain new import-substituting materials with
increased bending strength by 40 — 50%; improved hydrophysical properties and tribological
characteristics. Therefore, the optimal field of application of cement-polyamide materials is:
for structures working on bending; for thin-layer and road surfaces and antifriction materials,
and PVC-cement materials, in addition to these areas of application, can be used to obtain
adhesive and waterproofing compounds during finishing and repair work.
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