Texnuxa u mexnonoaus cunukamos. Tom 32, Ne5 (cneyuanvhwiii evinyck), 2025

YK 691.32
Tun craTbu: HAYYHas CTAThSA EDN uguwic
I'PHTH 67.09.00 DOI 10.62980/2076-0655-2026-434-445

Hayunas cnenuanbHocth BAK: 2.1.5 CtpoutenbHbie MaTepuanbl U U3AEUs (TEXHUUECKUE HAYKH)
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AHHOTALIUA

B cmamve npedcmasneno ucciedosanue IKCNIYAmayuoOHHbIX CEOUCME OeKOPAMUBHO20 KOMROZUYUOHHO20 MAMEPUANA HA OCHOBE OMXO0-
008 0051 KEpaMU1ecKo20 KUPRUYA U CLUUMO20 NOAUIMULEHA. YCMAHOBNIEHO, YMO BKIIOYEHUe 8 COCMAS 3aNOTHUMENs 8 8Ude OPODIEHbIX OM-
X0006 CUUMO20 NOIUIMUNEHA CHUJICAenm MeKy4ecmb U YOOO0YKIa0bleAeMOCHb CMECU, YMO CESI3AHO C YBEIUYEHHbIM MPEHUEM Yacmuy 6
cMecu U3-3a UX HenpasuibHol (hopmul U wepoxoeamoil nosepxnocmu. Onpeodeneno, umo e6edeHue 8 COCMas 3anOTHUMENsL U3 OMX0008 CUill-
M020 NOMUIMULCHA O CPAGHEHUIO C MUHEPANLHBIM 3ANOIHUMENEM NO360ISAEeN CHUZUMb NIomHOCMb uzdenuii (0o 1570 ka/m’). Buiseneno,
umo 06pazybl Mamepuala ¢ NOTUMEPHbIM 3anoaHumenem ooiaoaiom 6ojee HUKOU NPOYHOCMbIO NPU CHCAMULU, NPU IMOM XAPAKMED PA3py-
wienus obpasyos 6oiee NIACMUYHbII, 8 MOMEHN NUKOBOU HAZPY3KU 3aNOTHUMENb HEKOMOpOe 8peMs yOepiicueaem cmpykmypy obpasya om
nonnozo paspywenus. Ilokazano, umo o6pasyvl Mamepuana ¢ 3anoIHUmMeneM MoabKo U3 0Omx0008 CUUMO20 NOIUIMuUIeHa o61adarom 3Ha-
uumenvHoll ycaokou (boree 1,5 mm/m). Imo c653aHO ¢ NOHUNCEHHBIM MOOYIEM YRPY2OCMU MAKO20 3aNOIHUMENS, KOMOPblll U3-3d HUKOU
JHCECTKOCTU HE MOJICEM 8 NOIHOU Mepe COepICUBAmb YCaooutble dehopmayuu yeMeHmHo2o Kamus. B mo ace spems 6 obpasyax co cmecwio
NOTUMEPHO20 U MUHEPATLHO20 3aNOIHUMENA 8 PABHBIX 00JAX ycaoka 3HauumenvHo cHudxcaemcesa (0,8-0,9 mm/m). Buisgneno, umo obpasysi
Mamepuana ¢ 3anoiHUmMenemM U3 omxo008 CUUNO20 NOIUIMULEHA 0011a0arom 6blCOKUM conpomueieHuem Kk ucmupanuto. Taxoi s¢hghexm
00vACHAEMCA NPUPOOOTL CUUMO20 NOJUIMUTIEHA, KOMOPbILL 611a200aps CB0ell MpexmMepHoll CMpPYKmype U NONEPeYHbIM C8A3AM 8 MONEKYIaAX
noaumepa oobaadaem 6vlcoKol usHococmoukocmoro. C HOMOWBIO OULAMOMEMPULECKO20 MemMOo0d YCIMAHOBIEHO, Yo 00pa3ybl CUHME3UPO-
BAHHO20 Mamepuaia 0oaa0arm OOCMamoyHo 6blCOKOU Moposocmotikocmoto (mapka F300). Ha ochosanuu nposedenHbix ucciedosanuil
U320MOBIEHbL U NPEOCMABNEHbl 0eKOPAMUBHbIE U30eNUs C NOPDUPOBBIM PUCYHKOM, KOMOPbLe MO2yni 6blnb PeKOMEHO08AaHb 01l RPUMEHEHUs!
6 Kayecmee 0eKopamueHol HanoIbHOU, UHMEPbEPHOU UL MPOMYAPHOU NAUMKU.

KJIFOUYEBBIE CJIOBA: Peyuknune, cuiumviii ROIUIMUNIEH, CIPOUMENbHAS KEPAMUKA, OMX00bl, RPOYHOCHb, NIOMHOCHb, UCTHUpAe-
MoCmb, Ycaokda.
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ABSTRACT

The article presents a study of the operational properties of a decorative composite material based on waste from ceramic bricks and
crosslinked polyethylene. It was found that the inclusion of aggregate from waste of cross-linked polyethylene in mixture reduces the spread-
ability and workability of the paste, which is associated with increased friction of particles in the mixture due to their irregular shape and
rough surface. It was determined that the introduction of aggregate from waste of cross-linked polyethylene compared with mineral aggregate
makes it possible to reduce the density of products (up to 1,700 kg/m?). It has been revealed that samples of a material with a polymer
aggregate have significantly reduced compressive strength, while the destruction of the samples occurs more plastically, at the moment of
peak load, the aggregate keeps the sample structure from complete destruction for some time. It is shown that the samples of the material
with aggregate only from waste of crosslinked polyethylene have a significant shrinkage (more than 1.5 mm/m). This is due to the reduced
modulus of elasticity of such aggregate, which, due to its low rigidity, cannot fully restrain the shrinkage deformations of cement stone. At
the same time, in samples with a mixture of polymer and mineral aggregate in equal proportions, shrinkage is significantly reduced (0.8-0.9
mm/m). It was revealed that the samples of the material with aggregate from waste of crosslinked polyethylene have a high abrasion re-
sistance. This effect is explained by the nature of cross-linked polyethylene, which, due to its three-dimensional structure and cross-links in
polymer molecules, has high abrasion resistance. Using the dilatometric method, it was found that the samples of the synthesized material
have a sufficiently high frost resistance (grade F300). Based on the conducted research, decorative products with a porphyry patterns have
been produced and presented, which can be recommended for use as decorative floor, interior or paving tiles.

KEY WORDS: Recycling, crosslinked polyethylene, construction ceramics, waste, compressive strength, density, abrasion resistance,
shrinkage.
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BBEJEHUE

Ha py6exe XX-XXIB. oqHO# 13 podaeM, KOTOPHIE BRIXOIAT
Ha TTepeJHIIA TUIaH CTAHOBHTCS MpobiiemMa 3 GeKTUBHON yTHIH-
3aUu U TepepabdOTKH OTXOMOB. B TOM duciie CTpOUTENHHBIX U
TIPOMBIIIJICHHBIX OTXOI0B. B CBS3M ¢ 3THM MOSIBIISIETCS TAKOE TI0-
HATHE KaK PEHUKIIFHT — IIPOIIECC IepepabOoTKH, IPH KOTOPOM OT-
XOJBl BO3BpAlllalOT B HKOHOMHUYECKHI M MPOU3BOACTBEHHBIN
000pOT IS OJTYYCHUST HOBOW MPOJYKIIUU WA BTOPCHIPHS IS
€€ U3rOTOBJICHUS.

OpmHUM U3 paclpOCTPaHEHHBIX OTXOJ0B CTPOUTEIBHOH Ipo-
MBIIUJIEHHOCTH, KOTOPBIN 00JNafaeT 3HAUUTEIbHBIM MOTEHIINA-
JIOM 17151 BTOPUYHOTO MIPUMEHEHHUS SIBJISIETCA 00¥ CTpouTeIbHOU
KEePaMUKH.

JpyruM BUIOM CTPOHUTEIBHBIX U MPOMBIIUICHHBIX OTXOJIOB
SBIISTIOTCSI OTXOZIBI TOJTMMEPOB (Kaben, TpyObl, N30SI, OKHA,
JIBEPH, SJIEMEHTHI OTACIKH), B TOM YUCIIE CIIUTHIX. Takue mou-
MephbI OJ1aroaps TEXHOJIOTHH CITHBKH UMEIOT MOBHIIICHHBIE Me-
XaHWYECKHe, TUAIEKTpUYeCcKHe, TePMUUYECKHE CBOICTBA, HO IO
9TOM K€ MPUYUHE SBJISIIOTCS TPYAHO YTUIU3UPYEMBIMH TPaJu-
moHHbIME criocobamu[1,2]. Ha 2019 r. MupoBoe npou3BoACTBO
CIIMTOTO MOJUATUIIEHA NpeBbicuio 260 Thic. ToHH[3]. PocT mpo-
W3BOJICTBA CBA3aH C 3aMEHOM TPaJUIMOHHBIX ITOJIUMEPOB Ha 60-
nee croikue cmuthie. 1o TaHHBIM MUPOBOTO IPOU3BOANTEIIS Ka-
Oemeit «Prismian» eXerogHo TOJIBKO Yy HAX Ha MIPOU3BOJICTBE 00-
pasyercs mo 7500T oTxomoB cmmuroro monudTHieHa (wiu 80-
150t Ha omHO oTmempHOE mpeanpusTue). ComocTaBUMoOe KO-
YECTBO OTXOJIOB CIIUTOTO MOIHUATHIICHA 00pa3yeTcsl IPH MPOU3-
BozcTBe TPyO (80-150T/TOT HAa OTHO TPEATIPHSTHE).

Kak oTX0IBI CTPOUTENBHON KepaMHUKH, TaK W OTXOIBI CIIH-
TOTO MOJHMATHIICHA NPECTABIACTCS BO3MOXHBIM HCIOIb30BATh
MY NIPOU3BOJICTBE CTPOUTENIBHBIX KOMIIO3UTOB, OETOHOB, pac-
TBOPOB Ha HEOPTAHUIECKOM BSDKYILEM.

OTXO0/bI CTPOUTENBHON KEPAMHUKH BO3MOKHO HCIIOJIB30BAThH
B Kau€CTBE 3aIOJHUTEIS, aKTUBHON TOHKOAUCIIEPCHOMN T00aBKH,
HATIOJTHUTEIS, YACTUIHON 3aMEeHBI lIeMeHTa, murMeHTa [4—11].

OTXOIBI CIIUTOTO IOJNUATWICHA, KaK W JPyTHE MOJIUMEp-
HBIMH OTXOJBI BO3MOXXHO MPHUMEHATHh B KaUECTBE 3aITOIHUTEIS
MHUHEpaTBHBIX KOMITO3UIIHOHHBIX MaTepraiioB. Takoi 3amoHu-
TeJIb 3HAYUTEIFHO BIMSCT HA CBOHCTBA MOJIYYaeMOTO M3ICIHS:
CHIDKAeT IUIOTHOCTh, TEIUIONPOBOJHOCTh, MOXKET MOBHIIIATH
CTOMKOCTh K MCTHPAaHUIO, XMMCTOHKOCTb, CIIOCOOHOCTD IOTJIO-
IIaTh JHEPTHI0, MOPO30CTOHKOCTh, BO3MOXXHO YMEHBIICHHE
ycaJIku 1 00pa30BaHMUs MUKPOTpEInH. B To jxe Bpems Takoif 3a-
TOJTHUTENb CHIDKACT MPOYHOCTHh IIEMEHTHBIX KOMIIO3UIMH, 4TO
CBSI3aHO C €r0 CHIDKCHHBIM MOAYJEM YNPYTOCTH W afre3ueit ¢
neMeHTHBIM KamHeM[ 12-20].

B coBpemMeHHOM Mupe Bo3pacTaeT HHTEpeC K BHEIIHEMY 00-
JIMKY TOPOJICKOM Cpeibl U HHTEPhEepa MOMELEHUN. Y CTPOUTENb-
HBIX M3JENUHA 3a4acTyl0 MOMHUMO JOJTOBEYHOCTH BBICOKO lie-
HUTCS 3CTETUUYHBIM BHEMIHUNA BuA. Kak 0TX0Jbl CIIMTOTO IMOJIK-
STHJICHA, TAK ¥ OTXOMBI 0051 CTPOUTEIBHOIN KEPAMUKH IMEIOT I10-
TEHUHWaN AJsl UCIOJIb30BaHUS B IPOU3BOJICTBE JEKOPATUBHBIX
KOMITO3UIIMOHHBIX MaTepuaioB. TOHKOMOJOTHIH 00if cTpou-
TENBHOW KEPaMHUKH B CMECH C IIEMEHTOM (B 0cOOEHHOCTH ¢ Oe-
JBIM) TPUJAEeT EMEHTHOMY KaMHIO KPAacHWBBIA JEKOPATUBHBIN
OTTEHOK. B TO e Bpems moJnMMepHbIe OTXOBI 3a4acTyro o0a-
JAIOT SIPKUMHU OJHOPOAHBIMU [BeTaMH. [IpH NCTIONBb30BaHUH HX
B KA4eCTBE 3allOJIHUTENS Iociie Habopa M3AeNHeM IPOYHOCTH
MOKHO OOHA)KHUTh €T0 CTPYKTYPY U MOTYIHTh SCTETUIHYIO JEKO-
PaTUBHYIO IOBEPXHOCTb.

INTRODUCTION

One of the problems that come to the fore at the turn
of the XX-XXI centuries is the problem of effective
waste disposal and utilization. Including construction
and industrial waste. In this regard, there was such a
thing as recycling, a recycling process in which waste is
returned to economic and industrial circulation to obtain
new products or recyclables for their manufacture.

One of the common construction industry wastes,
which has a significant potential for reuse, is the con-
struction ceramics waste.

Another type of construction and industrial waste is
polymer waste (cables, pipes, insulation, windows,
doors, finishing elements), including crosslinked ones.
Such polymers have improved mechanical, dielectric,
and thermal properties due to crosslinking technology,
but for the same reason they are difficult to recycle using
traditional methods [1,2]. The global production of
cross-linked polyethylene exceeded 260 thousand tons at
2019[3]. The increase in production was due to the sub-
stitution of traditional polymers with more resistant
crosslinked ones. According to the global cable manu-
facturer "Prismian", up to 7500t of cross-linked polyeth-
ylene waste was generated annually in their production
alone (or 80-150t per individual factory). A comparable
amount of cross-linked polyethylene waste is generated
during pipe production (80-150 tons/year per factory).

Waste from construction ceramics and waste from
cross-linked polyethylene can be used in the production
of building composites, concretes, and mortars based on
inorganic binders.

Construction ceramic waste can be used as an aggre-
gate, an active fine-dispersed additive, filler, partial re-
placement of cement, and pigment [4-11].

Waste of crosslinked polyethylene, like other poly-
mer waste, can be used as an aggregate for mineral com-
posite materials. Such an aggregate significantly affects
the properties of the resulting product: density and ther-
mal conductivity decrease, may increase abrasion re-
sistance, chemical resistance, ability to absorb energy,
frost resistance, shrinkage and formation of microcracks
may decrease. At the same time, such an aggregate re-
duces the strength of cement compositions, which is as-
sociated with its reduced modulus of elasticity and adhe-
sion to cement stone [12-20].

In the modern world, there is an increasing interest
in the appearance of the urban environment and the inte-
rior of the premises. In addition to durability, aesthetic
appearance is often highly appreciated for construction
products. Both waste from cross-linked polyethylene
and waste from the scrap of construction ceramics have
the potential to be used in the production of decorative
composite materials. Finely ground construction ceram-
ics mixed with cement (especially white cement) gives
the cement stone a beautiful decorative shade. At the
same time, polymer waste often has bright, homogene-
ous colors. When using them as an aggregate, after the
product has gained strength, its structure can be exposed
and an aesthetic decorative surface can be obtained.
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Heabio 1aHHOI PadoOTHI SBISETCS HCCIIEI0BAHUE IKCILTya-
TAIlMOHHBIX CBOWCTB JEKOPATHBHOIO KOMITO3UI[HOHHOTO MaTe-
pHana ¢ MpUMEHEHHEM TOHKOMOIIOTBIX OTXOJOB CTPOUTENbHON
KEPaMHKH U 3alOJIHUTENS HA OCHOBE OTXOJOB CIIHUTOTO IMOJIH-
STHJICHA B CPABHEHUH C aHAJIOTMYHBIMHU 00pa3aMu ¢ MUHEPaJb-
HBIM 3aI0JTHUTETIEM.

MarepuaJjbl M1 METOABI

HccnenoBanms mpoBoguinch Ha 6a3e kadenper «CTponuTeins-
HOTO MPOU3BOJCTBa» Bramumupckoro 'ocymapcTBeHHOTO YHU-
BepcuTeTa MMEeHU AJjiekcanapa ['puropbeBuua u Hukonas ['pu-
ropseBrya CTONETOBBIX. B pamMkax McCIeI0BaHUS UCIOIb30BA-
JIMCh CTAHIAPTHBIC METOAMKH HCITBITAHHIA PETIIaMEHTHPOBAHHBIC
I'OCT u coBpeMeHHbBIC METO/IbI aHATN3a, 00CCIICUNBAIOIINC BbI-
COKYIO TOYHOCTh U BOCIIPOHM3BOTUMOCTH PE3YJIbTATOB.

B Tabnume | mpencraBieHB CBOMCTBA NCIIONB3YEMBIX MatTe-
pHAJIOB.

The purpose of this work is to study the operational
properties of a decorative composite material using
finely ground construction ceramic waste and an aggre-
gate based on cross-linked polyethylene waste in com-
parison with similar samples with a mineral aggregate.

Materials and methods

The research was conducted on the basis of the De-
partment of "Construction Production" of Vladimir State
University named after Alexander Grigoryevich and Ni-
kolai Grigoryevich Stoletov. The study used standard
test methods, regulated by GOST standards, and modern
analysis methods that ensure high accuracy and repro-
ducibility of the results.

Table 1 shows the properties of the used materials.

TABJIMIA 1 CBOMCTBA UCIIOJIb3YEMbBIX MATEPUAJIOB

Table 1 Properties of the used materials

Portland cement

MatepuaJbi CpoiicTBa
Materials Properties
Benprif nemenT 6e3 MuHEepanbHBIX 100aBOK Mapku 500,
M5B 1-500-10, Toprosoii Mmapku «Cemix ProWhitey,
Sya=5000 cm?/r; HI'=30-32%; Hauaso cxBarbiBanus 80-95 MuH;
IToptnannuement KoHel| cxBaTbiBaHus — 120-140 MuH;

White cement without mineral additives grade 500,
PCB 1-500-D0, trademark "Cemix ProWhite",
Specific surface of particles S5=5000 cm?/g; NG=30-32%;
the start of setting is 80-95 minutes; the end of setting is 120-140 MuH.;

Kupnnussriii 60it
Brick scrap

®pakuus 5-20 MM, puer=2650 kr/m>;

Fraction 5-20 mm, true density p=2650 kg/m’;

OTXO0/1bI CIIMTOrO MOJIMITHIIEHA
Crosslinked polyethylene waste

®pakuus 2,5-5 MM, mwiotHocth 0,90 T/cm3
Fraction 2.5-5 mm, density 0.90 g/cm?;

OrceB npobieHus
M3BECTHSAKOBOTO MIEOHS
Waste during limestone crushing

®pakuus 2,5-5 MM, mwiotHocTh 2,70 T/cMm3
Fraction 2.5-5 mm, density 2.70 g/cm?;

IMnacrudukarop makpomep I1-17

50% pacTBop, WIOTHOCTE >1,1 T/cM?
50% solution, density >1,1 g/cm?

TMonuBUHKIALIETATHAS TUCTIEPCHSI
Polyvinyl acetate dispersion

TV 2242-011-39778023-2015
TU 2242-011-39778023-2015

B kauecTBe BSKYIIErO MCIIOJIB30BANCS OBl MOpTIaHALe-
MeHT 0e3 MuHepalbHBIX 100aBok Mapku 500 ITLB 1-500-10 Top-
roBoit mapku «Cemix ProWhite» coorBercTByromuii TpeboBa-
M [OCT 965-89, TOCT 30515-2013.

B kauecTtBe 4yacTMYHOW 3aMEHBI LIEMEHTa HCIIOJIb30BAJIUCh
TOHKOMOJIOTBIE OTXOZBI CTPOWTEIBHOW KEPaMHKH C Sy,
6000...7000 cM?/r , KOTOpBIE 0OIANAIOT MYLIOJAHOBOM AKTHB-
HOCTBIO M MpPU B3aWMOACHUCTBUU C THUIPOKCHIOM KaJbLUs
(Ca(OH),), comepkanmMcs B IEMEHTHOM TeCTe, MOTYT 00pa3o-
BbIBaTh THJIPOCHJIMKATHI U THAPOATIOMHHATHI KAJbIIKS, YKper-
TSI CTPYKTYpPY LIEMEHTHOTO KaMHsI, CHHMXKasi BBICOJIO0Opa3oBa-
HHE W TIOBBIIIAsl CONMPOTHUBIIIEMOCTh BbINIeNadnBanuio. Kpome
TOTrO, NMPUMEHEHHE TOHKOMOJIOTOTO KEPaMHUYECKOTo IOPOIIKa
MO3BOJISIET JOOMBATHCS PA3IMYHBIX OTTEHKOB M3ZEIHH OT OJel-
HOH CHEHBI 10 CpeJHEe-KOPUIHEBOTO U 30JI0THCTO-KOPHIHEBOTO.
[ToMos 0TX0/10B KEPAMHUKH IPOU3BOJMICS C ITOMOIIBIO J1abopa-
TOPHOH MmapoBoi MeTbHHUIEI JIM-2.

B kauecTBe 3amoJHHUTENS WCIONB30BAIHNCH APOOJIEHBIE OT-
XOJIbI CIIUTOTO TIOJMATUIIEHA C pa3MepoM JacTull 2,5-5 mm. 13-
MeNIbYeHHE TTPOU3BOAMIIOCH C TIOMOIIBIO APOOWIKHM JJIS TJIacT-
Macc XFS-300. [Tpu 5TOM AJ1s1 HAMITYUIIeTo Pe3yJIbTaTa KaXKIyIo
NapTHIO0 TOJMATHWIEHA IIOJIBEPrajld H3MENbUCHHIO HECKOJIBKO
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White Portland cement without mineral additives of
the 500 PCB 1-500-D0 mark of the Cemix ProWhite
trademark was used as binder. It complies with the re-
quirements of GOST 965-89, GOST 30515-2013.

Finely ground construction ceramic waste with a spe-
cific surface area of 6000...7000 cm?/g was used as a par-
tial replacement for cement. It has pozzolan activity and
interacts with calcium hydroxide (Ca(OH),), contained
in cement paste, can form calcium hydrosilicates and hy-
droaluminates, strengthening the structure of cement
stone, reducing formation of efflorescence and increas-
ing leaching resistance. In addition, the use of finely
ground ceramic powder makes it possible to achieve var-
ious shades of products from pale siena to medium
brown and golden brown. Ceramic waste was ground us-
ing an LM-2 laboratory ball mill.

Crushed waste of cross-linked polyethylene with a
particle size of 2.5-5 mm was used as an aggregate. The
crushing was carried out using an XFS-300 plastic
crusher. At the same time, for the best result, each batch
of polyethylene was crushed several times. The smallest
fraction possible to obtain on the used equipment was
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pa3. B pabore ObuTa UCTIONB30BaHA HAMMEHBINAS (PAKITHS BO3-
MOJKHasi K TIOIYYEHHUIO Ha HCIONB3yeMOM obOopymoBaHuu. Ya-
CTHIIBI 60JIee 5 MM IOABEPTAIHCH TIOBTOPHOMY U3MENFYCHUIO.

Taroke OBIT UCTIONTE30BaH MUHEPAJIFHBIHN 3aIIOJTHUTENh B BUAC
OTCEBOB IpOOJEHUS HM3BECTHSAKOBOTO IeOHs (pakmueit 2,5-5
MM.

J71st i3BMEeHeHHs PeoJIOTHUYECKUX CBOMCTB CMECH, KOPPEKTH-
POBKH BOJOLEMEHTHOT'O COOTHOILIEHUSI M KaK CJIEJCTBUE MOBHI-
HICHUS POYHOCTH MCCICITYEMbIX KOMITO3UTOB ObLIa MCIIOJIB30-
BaHa MOJIMKapOOKCHIaTHAS TutacTHGUIUpyromas 100aBka Mak-
pomep I1-17 n nonuBraMNanerarHas qucrepcus (IIBA).

B mpomnecce nroroBneHust 00pa3noB ObLIa OllEHEHA KOHCH-
CTCHIUS IOJTy4YeHHOTO TecTa. KOHCHUCTEHINS OIIEHUBAJIACH IO
pacIuibIBY Ha BCTPSIXMBAIOIIEM CTOJHMKE KOHyca XarepMmasa.
CBeXenpUroTOBICHHYIO CMECh YKJIaIbIBaIl B KOHYC H BCTPSAXH-
Ban Ha croiuke 30 pa3 B Teuenne 30 ceKyH IOCIe YeTo n3Me-
psUIH TUaMeTp pacIjibiBa.

KoHTponb NPOYHOCTH CHHTE3MPOBAHHBIX OOPa3LOB OCY-
mectBisics B cooTBeTcTBHM ¢ [OCT-10180-2012. Mexanuue-
CKHM€ HUCTIBITaHUs MTPOBOJUIIUCH C HCHOJb30BaHueM npecca [1M-
2000-1T komnanun « METPOTECT) (narpy3ka mo 2000 xH, o1-
HOCHUTEJbHAs TIOTPEIIHOCTh cuionsmeputens +1%, nepemerie-
HHUE TOJBIKHOW IUTUTHI 10 360 MM, aOCONIOTHAs MOTPEUTHOCTD
U3MEpEHUs TepeMeIeHNs OABIKHON IUIMTHI TIPH TIepeMeltie-
HUAX 10 10 MM - £0,1 Mm).

Hcnpitanne 0o0pasloB HA MCTUPAEMOCTh MPOU3BOAMIOCH B
cootBercTBUU ¢ ['OCT-13087-2018 Ha kpyre ucTHUpaHus TUIa
JIKU-3M. HctupaeMocTh 00pa3loB XapakTepU3yeTcs: moTepeit
Macchl ¥ M3MEHEHHEM BBICOTHI OOpa3lOB, KOTOPHIE BBIUUCIIS-
10tcs 1o popmyram (1) u (2):

G

F
Al =1, -1

I'me G — moTtepst Macchl 00pa3oB MOCE YETHIPEX ITUKIIOB
ucneITanus (06wt myTh uctupanus 600 M), r/cm?;

m, —Macca o0pasia JI0 HCIBITaHMU, T;

m, — Macca o0pasia Imocje 4YeThIpeX MUKIOB UCIBITAHMUS, T

F — mwiomans ncTupaeMoii Tpany obpasia, cM;

Al — yMeHbIIIeHHEe BBICOTHI 00pasiia, MMm;

ly — cpenusis BeIcOTa 00pasia 0 UCIBITAHMS, MM;

| — cpenHss BrICOTA 0Opas3iia Mmocie HCIBITaHHS, MM;

Ornenky nedopManuil ycaJakyd y CHHTE3UpOBaHHBIX 00pas3-
1oB npousBoauiau coridacHo ['OCT 24544-2020 na mpubope,
mpescTaBiIeHHOM Ha puc.le. OOpa3isl pacnanyOauBamn Yepes
24 gaca mocne GOpMOBaHUSA U Cpa3y YCTaHABJIMBAIU B YCTPOii-
CTBO JJISI OTIPE/ICIICHUS YCaIKi M CHUMAaJIM HadaJIbHbIEe MTOKa3a-
HUS mpubopa. Janee mokasaHus TPUOOPOB CHUMATH dYepe3
1,2,3 7 cyT ¥ K&KIYIO0 HEJENIO 10 OKOHYAHUS DKCIIEPUMEHTA.

OICHKY MOpPO30CTOMKOCTH CHHTE3WPOBAHHBIX 0O0pa3IoB
MPOU3BOJMIIA YCKOPEHHBIM JHJIATOMETPHYECKUM METOJIOM.
[Ipu Takol METOMUKE Y M3TOTOBIICHHBIX 00pPa3llOB OIPEaeIsi-
€TCs1 HaYaJIbHBIN 00bEM, 3aTeM MX HachIarT Boaoi no 'OCT
10060-2012. HacpleHHbIH BOION 00pa3er] MoMenaT B Ka-
Mepy AWIaTOMETPa, BO BTOPYIO KaMepy MOMEIAI0T CTaHAapT-
HBIIA 00pazerl, KaMephbl 3aMOHIAIOT KEPOCHHOM U TePMETU3U-
pytoT. JJmiaToMeTp mOMEmaT B MOPO3WIBHYIO KaMepy, BbI-
JepxuBaroT 30 MUH ¥ HAUMHAIOT 3aMOPAXKUBATH CO CKOPOCTBIO
0,3 °C/mun 0 noctkenns Temneparypbl munyc (18+2) °C.
Ha rpadukax ¢uxcupytor abcomrorHsle 00bEMHBIE nedopma-
U UCTIBITYEMOTO M CTAHAaPTHOTO 00pa3iia BO BpeMs 3aMopa-
JKUBAHUS ¥ BBICISIFOT CKAYKOOOpa3HOe M3MEHEHHE Pa3HOCTU
00BEMHBIX eopMalnii, 00YCIIOBICHHOE MEPEXO0JOM BOJIBI B
nén. Jlanee mo TaONWYHBIM 3HAYCHUSIM 110 MAKCHUMAaJIbHOMY

m;—m;

used in the work. Particles larger than 5 mm were sub-
jected to repeated grinding.

A mineral aggregate in the form of limestone crush-
ing dropout with a fraction of 2.5-5 mm was also used.

Polycarboxylate plasticizing additive Macromer P-
17 and a polyvinyl acetate dispersion (PVA) were used
to change the rheological properties of the mixture, ad-
just the water-cement ratio and, as a result, increase the
strength of the studied composites.

During the sample manufacturing process, the con-
sistency of the resulting pastes was evaluated. The con-
sistency was assessed by the spreading on the shaking
table of the Hagerman cone. The freshly prepared mix-
ture was placed in a cone and shaken on a table 30 times
for 30 seconds, after which the diameter of the spread
was measured.

The strength control of the synthesized samples was
carried out in accordance with GOST-10180-2012. Me-
chanical tests were carried out using a PI-2000-II press
from "METROTEST" company (load up to 2000 kN,
relative error of the force meter + 1%, displacement of
the movable plate up to 360 mm, absolute measurement
error of displacement of the movable plate when moving
up to 10 mm - £ 0.1 mm).

The samples were tested for abrasion in accordance
with GOST-13087-2018 on an LKI-3M type abrasion
circle. The abrasion resistance of the samples is charac-
terized by a loss of mass and a change in the height of
the samples, which are calculated according to formulas
(1) and (2):

€y
(2)

Where G is the mass loss of the samples after four test
cycles (total abrasion distance 600 m), g/cm?2;

my is the mass of the sample before the test, g;

m, is the mass of the sample after four test cycles, g;

F is the area of the test face of the sample, cm2;

Al is a decrease in the height of the sample, mm;

ly is the average height of the sample before the test,
mm;

l is the average height of the sample after the test, mm;

The shrinkage deformations of the synthesized sam-
ples were evaluated according to GOST 24544-2020 on
the device shown in Fig.le. The samples were extracted
after 24 hours after molding and immediately installed in
a shrinkage detection device and the initial readings of the
device were taken. Further, the device readings were taken
after 1,2,3 7 days and every week until the end of the ex-
periment.

The frost resistance of the synthesized samples was as-
sessed using a dilatometric method. With this method, the
initial volume of the produced samples is determined, then
they are saturated with water according to GOST 10060-
2012. The sample saturated with water is placed in the dil-
atometer chamber, a standard sample is placed in the sec-
ond chamber, the chambers are filled with kerosene and
sealed. The dilatometer is placed in a freezer, held for 30
minutes and begins to freeze at a rate of 0.3 °C/min until a
temperature of minus (18 + 2) °C is reached. The graphs
record the absolute volumetric deformations of the test and
the standard sample during freezing and highlight the ab-
rupt change in the difference in volumetric deformations
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OTHOCHTEIIFHOMY YBEIMYECHHUIO Pa3HOCTH 00BeMHOI nedopma-
UM HCIBITYEMBIX M CTaHIAAPTHOTO OOPa3IOB ONpPEAEIICTCS
MapKa 110 MOPO30CTOHKOCTH.
Jln1s ucbITaHui Ha IPOYHOCTH U OTIPEEIICHNUS YCaJOIHBIX
nedopManuii UCTIOIB30BAINCE 00pa3mbl OAJOUYKH pa3MepaMu
40x40x160 mm. [Iyist ncnbITaHUS Ha KICTHPAEMOCTh OBUIN U3TO-
TOBJIEHBI 00pa3ipbl KyOsl pasmepamu 70x70x70 mm. OueHka
MOPO30CTOHKOCTH AMIATOMETPHYECKAM CIIOCOOOM OCYIIECTB-
msmack Ha oOpasmax pasmepamu 100x100x100 mm. HaGop
MPOYHOCTH 0OPa3LOB MPOUCXOAUI B TaOOPATOPHBIX YCIOBUAX
npu Temneparype 18-22 °C n Bnaxnoctn Boznyxa 50-70%.
Ha pucynke 1 mpezncraBieHo mcmoib3yeMoe o0OpyaoBa-

HHC.

B tabnure 2 npencTaBIeHb! COCTaBB HCIBITYEMBIX 00pas-

LIOB.

PUCYHOK 1

HCIIOJBb3YEMOE OBOPYIOBAHUE

U IIPUBOPBHI

a —J1abopaTopHas mapoBas MejJbHuna JIM-2;
0 — u3MeJIbunTeNb 1A miIacTmace XFS-300;

B — BCTPAXHBAIONINI CTOJIMK M KOHYC Xarep-

MaaHa;

r — npecc [THU-2000-11;
1 — aadopaTopHblii Kpyr ucrupanus JIKU-3M;
€ — YCTPOIicTBO /151 ONpe/iesIeHUsl YCATKH;

K — KaMepa ANWJIaTOMeTpa;

Figure 1

Equipment and devices used
a - laboratory ball mill LM-2;
b - plastic shredder XFS-300;
¢ - shaking table and Hagerman cone;
d - press PI-2000-11;
e - laboratory circle of abrasion test LKI-3M;
f - shrinkage detection device;
g - dilatometer camera;

TABJIMIA 2 COCTABBI UCHIBITYEMbIX OBPA311OB

Table 2 Compositions of the tested samples

caused by the transition of water to ice. Further, according
to the tabular values for the maximum relative increase in
the difference in volumetric deformation of the test and
standard samples, the frost resistance grade is determined.

For strength tests and the determination of shrinkage
deformations, beam samples of 40x40x160 mm were
used. For the abrasion test, cube samples with dimensions
of 70x70x70 mm were made. The assessment of frost re-
sistance by dilatometric method was carried out on sam-
ples measuring 100x100x100 mm. The samples were
hardened in laboratory conditions at a temperature of 18-
22 ° C and an air humidity of 50-70%.

Figure 1 shows the equipment used.

Table 2 shows the compositions of the tested samples.

KomnonenTsl, Kr/m?
Components, kg/m?
3anoaHuTENb U3 Hopraany DI OIOE LY MoauBuHMI-
Mapka 0TXO/I0B CIIN- D TIOPOIHOK 3 OT- aneraTHasi
oGpasua Toro OrceB ApobIeHnst OeJIblit XO0/10B CTPOH- e ——— T TaTe
Mark of MOJHITHIIEHA H3IBECTHAKOBOTO IDLLP Tecflb= O (HBI;&) Makpome l'[-117) Bona
th 1 Aggregate from O AL KEPAMMKH Polyvinyl Ace- Pl[;sticipzer WaIt[er
¢ sample wgags tego £ cross- Dropout from lime- White Port- Finely ground Y tatye Makromer P-17
linked stone crushing land cement powder from dispersion
olvethylene PCB 1-500- construction ce- (gV A)
polyethy DO ramics waste
ll;[g-_]](())(()) 385 - 810 350 125 20 205
N3B/MID-
50/50 193 577 810 350 125 20 205
LS/PE-50/50
I/IIJ?’SBilO%O - 1155 810 350 125 20 205
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Pe3y.]'leaTl>l HCCJICTOBAHUA H UX oﬁcyme}me

B Tabimme 3 mpuBeIeHBI CBOWCTBA HCHBITAHHBIX 00pa3IoB

KOMIIO3UTOB.

The results of the study and their discussion

Table 3 shows the properties of the tested compo-
site samples.

TABJIAIIA 3 CBOMCTBA UCIIBITAHHBIX OBPA3IIOB KOMIIO3UTOB

Table 3 Compositions of the tested samples

CpoiicTBa 00pa3noB
Properties of the samples
Hctupae-
IDhre Mopo30cToiiKOCTH Hctupae- MOCTbH 110
Mapka PacmuibiB cmecn NPOYHOCTH
Ycanounsle fedopmMa- | 110 AMJIATOMETPHYE- MOCTD 10 H3- H3MeHEeHHI0
oopaszua Ha BCTPSIXHBa- IPH CiKa-
pasu ‘omem ILnor- . MU BBO3pacTe ckomy merony F , MEHEHHI0 BbICOTBI
Mark of I HOCTH p, 60 cyt Al, MM/Mm IUKJIOB maccel G, ob6pa3ua A,
cromkeD, Mmm 3 Rex, MIla . . 2
the sam- Spreading of the KI/M Compres- Shrinkagedefor- Frost resistance ac- r\cm MM
ple p‘ 8 Density p, ‘p mations cording to the dilato- Abrasion re- Abrasion re-
mixture on the sive . . q
Shking kg/m3 i at the age of metric method F, cy- sistance by sistance by
table D. mm Reymp, MITa 60 days Al, mm/m cles weight change | changing the
’ omp? G, g\em? height of the
sample A, mm
1;,[1?__1188 110 1570 26,4 1,88 300 0,129 0,25
N3B/MID
I:SS%’SIS- 140 1875 43,0 0,82 300 0,065 0,20
50/50
N3B-
100 200 2195 83,8 0,75 300 0,349 1,75
LS-100

Ha pI/IC.2 NpEACTaBJICHbI PE3YyJIbTAaThl OIIPEACICHUS KOHCH-

CTCHIIMU CMecel, U3 KOTOPBIX OBUIM M3TOTOBIIEHBI 00pa3msl. U3
MIPEICTaBICHHBIX PE3YJIbTATOB BUAHO, YTO BKJIIOYEHHE B COCTAB
JIPOOJICHBIX OTXO/0B CITUTOTO MOJIMATHIICHA CHIKACT TEKy4eCTh 1
y1o00yKIIaIbIBAEMOCTh cMecH. Takoil 3 ekt oObscHsAeTCS He-
NpaBUIbHON (DOPMOI M IIEPOXOBATON MOBEPXHOCTHIO YACTHII
CIIIMTOTO MOJINATUIICHA. Y BEINYMBACTCS TPEHUE YACTHII C IIEMEHT-
HBIM TE€CTOM H APYT O JIpyTa, YBEINYUBACTCS KOJINIECTBO [[EMEHT-
HOTO TecTa HeOOXOAMMOTO I OOBOJIAKUBAHUS 3aIIOJTHUTEIIS.

PUCYHOK 2

PE3VYJIBTATbBI ONTPEJAEJEHUSA
KOHCHUCTELIMUA CMECEM

a — pacILIBbIB cMeceii;

6 — AMarpamMma paciibiBa cMeceii B 3aBUCHMOCTH OT

Figure 2 shows the results of determining the con-
sistency of the mixtures from which the samples were
made. It can be seen from the presented results that the
inclusion in mixture of aggregate from crushed cross-
linked polyethylene reduces its fluidity and workabil-
ity. This effect is explained by the irregular shape and
rough surface of the cross-linked polyethylene parti-
cles. The friction of the particles with the cement paste
and against each other increases, and the amount of

cement paste needed to coat the aggregate increases.

T3-100 110 mnx

H3IB/ATI-50/50 140 My

=

H3B-100 200 MM

MapkH odpa3na (@)
250
E
s = 200
£ =200
£% 140
. = B
Figure 2 g 2150 =
Sz
g.': 100
Results of determination of the consistency of =2 -
pastes =g -
a - spread of mixtures; 55 0 —
b - the diagram of cone spread of mixtures depending = ]\[:ﬁ'}’;‘f"lz:ﬂ’s:ﬂe
on the brand of the sample G (b) BII3-100 EH3B/AID-50/50 ®H3B-100

CoracHO pe3yJsbTaTaM UCIBITAaHUN P YBEITUYSHHH CO-
JIep)KaHMsl 3aIOJHUTENS U3 JPOOJIEHBIX OTXO/OB CIIMTOTO
HOJIMITHIIEHA YMEHBIIAETCS IIOTHOCTh IOJy4aeMbIX 00pas-
1108 (¢ 2195 kr/m? 1o 1570 kr/m?), Takoii pe3ynbTaT 00BACHS-
€TCsl HU3KOH TUIOTHOCTBIO TIOJIMMEPHBIX OTXO/IOB.

[Ipu 3TOM IpHM yBETMYEHNH COAEPKAHNUS 3aMOTHUTENS U3
JpOOJICHBIX OTXOAOB CIIUTOTO IOJIMAITHIICHA 3HAYMTEIILHO
najgaer npoyHocts oOpasuoB npu cxatuu (Tabdmn.3). Takoi

According to the test results, with an increase in the con-
tent of aggregate from crushed waste of crosslinked poly-
ethylene, the density of the obtained samples decreases
(from 2195 kg/m3 to 1570 kg/m?), this result is explained
by the low density of aggregate from polymer waste.

At the same time, with an increase in the aggregate from
crushed waste of crosslinked polyethylene content, the
compressive strength of the samples significantly decreases
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3 dexT oObsIcHsIeTCS pa3HOW (PU3UKO-XUMUUIECKOW MPHUPO-
JOH EMEHTHOH MaTpHIBl M 3allONHHUTENS U3 MOJIUMEPHBIX
OTXOJIOB U HU3KHM MOJyJIeM YIPYTOCTH IocieaHero. B ciy-
Yae, KOrja MOIyJIb YIPYTOCTH 3aIll0HUTENS OOJIbIIe WK pa-
BEH MOJYJIIO yIIPYTOCTH IIEMEHTHOTO KaMHs (oOpa3zer N3B-
100) HampsbKeHUE mepenaeTcsl 4Yepe3 3aIloHUTeNb, 00pasyst
MyTH IIepellauyl HalPsDKeHUH, 3aTI0THUTEINb BBITIOHSET POJIb
Kapkaca. B ciydae c 3amoyiHUTENIEM M3 CIIMTOTO IOJIHITH-
nena (oopaszerr [13-100) ero MOAyb YIPYTOCTH HIDKE, YEM Y
LIEMEHTHOT0 KaMHsl, IO3TOMY TepeJiaua HanpspKeHUH Ipouc-
XOIUT IO OoJiee JKECTKHM Y4YacTKaM CTPOUTENBHOTO pac-
TBOpA.

Ilo mory4eHHBIM P UCIBITAHUH HA C)KaTHE JaHHbIM I10-
CTpOeHHI rpaduku HampspkeHus-nedpopmanmu (puc.3). Boc-
XOJAIIAsi BETBB Y Ipa)UKOB BCEX TpeX 00pa3lloB HaIIpaBIIeHA
O/ OJJHUM YTJIOM, TOTJa KaK HHUCIIQAIONIasl BETBb C yBEIH-
YEHHEM COJICPIKaHMs 3aM0OHUTENSI U3 CIIUTOTO MOJMATHIICHA
CTaHOBUTCS O0Jiee TOPU30HTAIBHOMN U TIHK TUarpaMMBl, COOT-
BETCTBYIOIINIT MOMEHTY pa3pyllIeHHs, CTAaHOBHTCS Ooliee
CIJIa)KEHHBIM. DTO MOJATBEPIKAALT TOT (DaKT, YTO pa3pyllIeHHE
00pa3IoB C 3aII0JIHUTENIEM U3 CLIMTOTO MOJIMATHIICHA IIPOHC-
X0AuT OoJiee IUIACTUYHO, B MOMEHT NHMKOBOW Harpy3KH 3a-
MOJIHUTENb HEKOTOPOE BPEMs YACPKUBACT CTPYKTYpy 00-
pasia OT IOJHOTO Pa3pyLIeHHs, B TO BpeMs B 00pa3Lax ¢ MH-

HEpaNbHBIM  3alOJHHUTENIEM  pa3pyIICHHE MPOUCXOTUT

xpymko (Puc.4).

PUCYHOK 3

T'PA®UKU HANPSI)KEHUSA-TE®OPMAILIUIA E

CHUHTE3UPOBAHHBIX = -

OBPA3IIOB . o
© =
@ -
= e

Figure3 &z
=
—

Stress-strain graphs of synthesized samples

—I12-100 —H3B-100

PUCYHOK 4

XAPAKTEP NOBEJEHUS OBPA3LIOB ITPU
PA3PYILIAIOIIENA HAT'PY3KE

(Table 3). This effect is explained by the different physical
and chemical nature of the cement matrix and polymer
waste and the low modulus of elasticity of this aggregate.
In the case when the modulus of elasticity of the aggregate
is greater than or equal to the modulus of elasticity of ce-
ment stone (sample LS-100), stress is transmitted through
the aggregate, forming stress transmission lines, the filler
acts as a frame. In the case of cross-linked polyethylene ag-
gregate (PE-100 sample), its modulus of elasticity is lower
than that of cement stone, so stress transfer occurs over
more rigid sections of the mortar.

Based on the data obtained during the compression test,
stress-strain graphs are constructed (Fig.3). The ascending
branch of the graphs of all three samples is directed at the
same angle, while the descending branch becomes more
horizontal with an increase in the content of crosslinked
polyethylene aggregate and the peak of the chart corre-
sponding to the moment of destruction becomes more
smoothed. This confirms the fact that the destruction of
samples with an aggregate made of cross-linked polyeth-
ylene occurs more plastically; at the moment of peak load,
the aggregate keeps the sample structure from complete de-
struction for some time, while in samples with a mineral
aggregate, destruction occurs fragile (Fig.4).

90
80 ™

70 :" \,
60 \

50 y \
40
30
20
10 =
0 =t >
0,00 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40
Ornocurensnan nedopmaius & %
compression strain g, %

U3B/I13 - 50/50

a — o0pasel ¢ 3aM0THHUTe1eM U3 OTXO0/10B CLIMTOIO MO-
audTiena (I12-100);

0 — o0pasen, ¢ MMHepaJIbLHBIM 3alI0JTHUTEIEM U3 OTCe-
BOB /Jpod.JieHns u3BecTHsaka (U3B-100)

Figure 4

The nature of the destruction of samples

a - sample with aggregate from waste of crosslinked pol-
yethylene (PE-100);

b - sample with mineral aggregate from dropout from
limestone crushing (LS-100)

B MNpeACTABJICHHOM HUCCJICAOBAHUM IIPOBEACHA OLICHKA
yCaaK CHUHTC3UPOBAHHBIX KOMIIO3UIITMOHHBIX MAaTCpHUaiOB U
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In the presented study, the shrinkage of synthesized
composite materials was evaluated and graphs of
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ocTpoeHsl Tpadukn ycamounsix nepopmanuii (Puc. ). Hccme-
JIOBaHUE yCaIKH OBLIO IIPOBEICHO B IepBbie 60 CYTOK TBEpACHHUS
o0pa3moB. 1y cpaBHEHUS HA PUC.5 MpHBEICH TpaduK ycamod-
HBIX AedopMarmii meMeHTHOro KaMHs ¢ 20% 3aMeHOH IeMeHTa
Ha TOHKOMOJIOTHIM ITOPOIIOK M3 OTXOJOB KEPaMUYECKOTO KHP-
nuya.

W3 npencraBieHHBIX TpadUKOB BHIHO, YTO HAUOONBIICH
ycaaKoil 3aKOHOMEpPHO 00jajgaeT oOpasell LEMEHTHOTO KaMHs
(LIK). Taxxe HECKOJIbKO MEHbIEH, HO BCE eIlé 3HAUMTEIbHON
ycankoit o0nanaeT oOpasers ¢ 3aroJIHUTENIEM TOJIBKO U3 OTXO0J0B
cmmroro noymaTIwieHa (I19-100). DTo cBsI3aHO ¢ TOHMKECHHBIM
MOJyJIeM YTIPYTOCTH TaKOTO 3aIlOHUTENS, KOTOPHIA M3-3a HU3-
KOH JKECTKOCTH HE MOXKET B IIOJIHOM MEpE CAEPKUBATH yCalou-
HBIE AedopMariy IeMeHTHOTO KaMHs. B To e BpeMs oOpa3mbl
CO CMECHIO 3alIOJTHHUTEIS U3 M3BECTHSAKA M OTXOOB CIIIUTOTO TI0-
mmTiieHa (M3B/I19-50/50) mokas3plBalOT HAMHOTO MEHBIITYIO
yCaZKy Ha YpoBHE C 00pa3la Ha OCHOBE TOJBKO HaTypalbHOIO
MPUPOAHOTO U3BECTHIKOBOTO 3anonHuTens (M3B-100).

PUCYHOK 5

- 3,00
. < E 250

TPA®UKHN YCAJOYHBIX JTE®OPMAIINHA = E b
CHUHTE3UPOBAHHBIX OBPA3IIOB = B 2,00
MATEPHAJIOB g &g
- E
S.d 1,00
. g 2 050
Figure 5 :E § 0,00
Graphs of shrinkage deformations synthesized é 5 -0,50

material samples

Ha pwuc.6 mpencraBieHbl pe3yiabTaThl UCIBITAaHHUS 00pa3loB
CHUHTE3UPOBAaHHBIX MarepuasioB Ha wucrtupaemocts no ['OCT
13087-2018. W3 mpencTaBieHHBIX pPE3yJbTaTOB BUIHO, YTO 00-
pasisl ¢ coJep KaHUEeM 3alOJIHUTENS U3 OTXOJO0B CIIHUTOTO IOJIH-
stunena (I19-100 u U3B/I13-50/50) obnanaroT HaMHOTO 0OJIb-
IIMM COTIPOTHBIIEHHEM HCTHPAHMIO YeM 00pa3Ifsl ¢ HaTypalbHBIM
npupoubiM 3anonHutesneM (M3B-100). Takoit agdekr oObscHs-
eTcsl MPUPOAOH CIIMTOTO MOJHMITHIIEHA, KOTOPBIM Omaromaps
CBOEH TPEXMEpHOI CTPYKTYpE M IIOTEPEUYHBIM CBS3SIM B MOJIEKY-
Jax TMojuMepa B TOM 4YHCIIe 00JamaeT BBICOKOH M3HOCOCTOIKO-

CTBIO.
PUCYHOK 6

wep 04
PE3YJIbTATBI UCIIBITAHUSA OBPA3LIOB ‘:_ %f 035
CHUHTE3UPOBAHHBLIX MATEPHUAJIOB HA ? ‘72 ’
UCTHUPAEMOCTb 22 o3
a — JMarpaMMa MCTHPaeMOCTH 00pa3LoB IO M3MeHe- S =
HHIO MACChI; BE 043
6 — AMarpaMMa MCTHPaeMOCTH 00pa3loB MO H3MeHe- E g 02
HHIO BBICOTBI @ 5, i

]

=& 015

g g

& T
Figure 6 E% 0.1

E =

g E 005
The results of testing samples of synthesized ma- E‘ g
terials for abrasion = 0

a - diagram of the abrasion resistance of samples by
weight change;
b - diagram of the abrasion resistance of samples by

height change a (a)

shrinkage deformations were constructed (Fig.5). The
shrinkage was studied during the first 60 days of sample
hardening. For comparison, Fig.5 shows the graph of
shrinkage deformations of cement stone with 20% ce-
ment replacement by finely ground powder from ce-
ramic brick waste.

It can be seen from the presented graphs that the ce-
ment stone sample naturally has the greatest shrinkage.
A sample with an aggregate made only of cross-linked
polyethylene (PE-100) waste has a smaller, but still sig-
nificant shrinkage. This is due to the reduced modulus
of elasticity of such an aggregate, which, due to its low
rigidity, cannot fully restrain the shrinkage defor-
mations of cement stone. At the same time, samples
with a mixture of limestone aggregate and waste cross-
linked polyethylene (LS/PE-50/50) show a much lower
shrinkage at the same level as the sample based only on
natural limestone aggregate (LS-100).

& |

X
L4

0 5 10 15 20 25 30 35 40 45 50 55 60 65
Bpews, cyt / Time, day

=o—[K —e—T113-100 —e—H3B/T13-50/50 -U3B-100

Fig.6 shows the results of testing samples of syn-
thesized materials for abrasion according to GOST
13087-2018. It can be seen from the presented results
that samples containing aggregate from waste cross-
linked polyethylene (PE-100 and LS/PE-50/50) have
a much higher abrasion resistance than samples with
natural aggregate (LS-100). This effect is explained
by the nature of crosslinked polyethylene, which, due
to its three-dimensional structure and transverse bonds
in polymer molecules has high abrasion resistance.
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0,349 1,75

—
= RNk ®

o
[

0,129

=
[=))

0,065

_I1n

Mapxra odpasma
Mark of the sample

o
=

0,25 0.2
Mapxra obpasna
Mark of the sample

L
o

(=}

HerHpaeMocTh 0 H3MEHEHHIO BBICOTBI A, MM
Abrasion resistance by changing the height A, mm

= I19-100 =I15-100
5 H3B/13-50/50 a (b) H3B/II3-50/50
=H3B-100 EI3B-100

441



Texnuka u mexunonoeus cunuxamos. Tom 32, No5 (cneyuanvhuwiii evinyck), 2025

IIpoBeneHa KOCcBeHHas OLIEHKa MOPO30CTOMKOCTH 00pasloB
Marepuana JujaToMeTpruieckuM criocobom. Ha puc.7 npuBeneHst
rpadMKy 3aBUCUMOCTH a0COJIIOTHBIX 00BEMHBIX JedopManuii npu
3aMOpPaKUBaHHHU HCIBITYEMbIX H CTAaHIAPTHOTO 0Opa3IoB OT Bpe-
MEHH.

PUCYHOK 7

An indirect assessment of the frost resistance of
the material samples was carried out using a dilato-
metric method. Fig.7 shows graphs of the dependence
of absolute volumetric deformations during freezing
of the subjects and standard samples on time.

3ABUCUMOCTH ABCOJIIOTHBIX
OBbEMHBIX JE®OPMAILUI ITPU

deformation
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AV/V=0,00048 (13B-100) ;
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i
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Time dependencies of absolute volumetric
deformations during freezing of test and
standard samples

MakcumanabHOE OTHOCUTEIBHOE YBEINUEHHE Pa3HOCTH 00b-
emHbIX nedopmanuii cocraBmwio 0,00048 (obpasen M3B-100),
0,00035 (o6pazen M3B/I13-50/50), 0,00059 (obpazen I19-100).
B cootBerctBun I'OCT 10060.3-95 nanHble pe3yabTaThl MOXKHO
HWHTEPIPETUPOBATh KaK MapKy 1o Mmoposocrtoiikoctu F300 Bo
Bcex Tpex ciydasx. CTouT yuuTsiBaTh, uTo AaHHbli ['OCT B
HACTOSIIUII MOMEHT HE aKTyaJleH U JUI1 TOUHOTO YCTaHOBIICHUS
MapKH 10 MOPO30CTOMKOCTH HEOOXOIMMO HCIONb30BaTh CTaH-
JApTHYIO METOIUKY. TeM He MeHee MOTyUYeHHBIN pe3yIbTaT M03-
BOJISIET TOJAraTh YTO TOJy4YEeHHBIE KOMIIO3HIIMOHHBIE MaTepH-
aJIbl 00JIAJIAIOT JI0CTATOYHO BHICOKOW MOPO30CTOHKOCTBIO.

Ha ocHOBaHNM IpOBEIEHHBIX HCCIEIOBAHMIN U pa3paboTaH-
HBIX COCTaBOB OBUIM CHHTE3MPOBAaHBI 00pasIbl IEKOPATHBHOTO
MaTepHala C MO3audHBIM, TOPHHUPOBEIM PUCYHKOM. TexHoIOTHs
MIPOU3BOJICTBA BKIIIOYAJIa TAKKME 3TAlbl KaK JO3UPOBKA U IIepeMe-
[IMBaHWE KOMIIOHEHTOB, (DOPMOBKa M pacHaayOIMBaHUE H3JIe-
Wi, mI(OBKa HOBEPXHOCTH ISl BCKPBITUS CTPYKTYPBI MaTe-
pHana, ImaTieBKka Mop ¥ MUKPOAE(EKTOB, MOJNPOBKA U TIPH
HEOOXO/JIMMOCTH TOKPHITHE IMOBEPXHOCTH 3alMTHBIMH COCTa-
BamMH (Jlakamu, MPONMTKaMH, Tuapodobduzatopamu). JlaHHbIe
W3JIeNUs] MOTYT OBITH PEKOMEHIOBAHBI JIJIsl IPUMEHEHHS B Kade-
CTBE JICKOPAaTUBHOM HAIOJbHOW, MHTEPLEPHOU WM TPOTYapHOH
IVIUTKY. BHEIIHUI BUJ MOTYYEHHBIX U3/EIUN NPEACTABJICH Ha
puc.8.

PUCYHOK 8

BHEILHUM BUJI OJTYUYEHHBIX
JEKOPATUBHbBIX U3JEJIUNA

Figure 8

The appearance of the obtained decorative
products
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The maximum relative increase in the difference in
volume deformations was 0.00048 (sample LS-100),
0.00035 (sample LS/PE-50/50), 0.00059 (sample PE-
100). In accordance with GOST 10060.3-95, these re-
sults can be interpreted as the frost resistance mark F300
in all three cases. It should be borne in mind that this
GOST is currently not relevant, and to accurately estab-
lish the mark for frost resistance, it is necessary to use a
standard methodology. Nevertheless, the obtained result
suggests that the obtained composite materials have a
sufficiently high frost resistance.

Based on the conducted research and the developed
compositions, samples of decorative material with mo-
saic porphyry patterns were synthesized. The produc-
tion technology included such steps as dosing and mix-
ing of components, molding and demolding of products,
surface grinding to reveal the structure of the material,
filling of pores and microdefects, polishing and, if nec-
essary, coating the surface with protective compounds
(varnishes, impregnations, water repellents). These
products can be recommended for use as decorative
floor, interior or paving tiles. The appearance of the ob-
tained products is shown in Fig.8.
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3akJ/oueHue

PesynbTaThl IPOBENCHHBIX HCCIEJOBAaHUI MOXHO 0000-
IIUTH CIIETYIOIIUMI OCHOBHBIMH BBIBOJIAMH:

1. BxkimroueHue B COCTaB KOMIIO3MLIMOHHOIO Marepuaa
IPOOJICHBIX OTXO/IOB M3 CITUTOTO ITOJM3THIICHA CHIKAET TEKY-
94eCTh U yI000YKIaBIBAEMOCTh CMECH B CBSI3U C HEMPABUIIb-
HOHM (OpMOI M IIEPOXOBATON HMOBEPXHOCTHIO YACTHI] TAKOTO
3aMoJHUTENS. YBEIUUMBACTCS TPEHHE YACTHI[ C IEMCHTHBIM
TECTOM U JAPYT O JIPyra W MOBBIMIACTCS KOJIMYCCTBO I[CMCHT-
HOT'O TecTa He0OXOJMMOTO /sl 00BOJIAKMBAHMS 3ATI0JIHUTEIS.

2. O6pa3sIpl C 3aroHATEIEM U3 IPOOIICHBIX OTXO0B CIIH-
TOTO TOJIMATHIICHA 001aIal0T CHIDKEHHOM MIoTHOCTHIO (1570
Kr/M%), 9TO CBA3aHO C HU3KOM IUIOTHOCTBIO CAMHUX HOIHMMEP-
HBIX OTXOJIOB.

3.V o0pa3noB MaTepHuaia ¢ 3al0JIHUTEIIEM B BHJIE OTXOJJ0B
CIIMTOTO TOJHMATHICHA 3HAYUTEIHHO CHIYKCHBI TIPOYHOCTHBIC
MOKAa3aTeJH, YTO CBI3aHO C Pa3HOU (PM3MKO-XUMHUYECKOW MpH-
pOI[Oﬁ IleMeHTHOfI MaTpulbl U 3alIOJITHUTCIIA U3 MOJMMEPHBIX
OTXOJIOB U HU3KUM MOJIYJIEM YIPYTOCTH MOCJIEHETO.

4. Pa3pymenue o0pasioB C 3al0JIHUTENEM U3 CIIUTOTO T10-
JIMATHIICHA IPOUCXOIUT OO0JIee TUIACTUYHO, B MOMEHT ITUKOBOM
Harpy3KH 3arojHUTeNb HEKOTOPOE BPEMsI yIEPIKUBAET CTPYK-
Typy 00paslia OT IOJHOTO pa3pylIeHHs, B TO BpeMs Kak B 00-
pasmax ¢ MHHEPaJIbHBIM 3aIlOTHUTEIEM pa3pyIICHUE TPOUCXO-
IIIT XPYTIKO.

5. O0Opa3Isl ¢ 3aMoTHUTEIEM TOIBKO M3 OTXOAOB CIIHTOTO
MOJIMATHJICHA TTOKA3alld 3HAYUTENBHYIO ycaaKy B mepBbie 60
CYT TBEpIEHHs. DTO CBA3aHO C MMOHWXCHHBIM MOAYJIEM YIIPY-
TOCTH TaKOT'O 3aIOJHUTENS], KOTOPBIHA M3-32 HU3KOH )KECTKOCTH
HEe MOXET B IOJIHOH Mepe CIep)KUBaTh ycaqouHble nedopma-
MU LIEMEHTHOTO KaMHs. B To e BpemMss HAaMHOTO MEHbIIei
ycaJKoi 005aar0T 00pas3Ibl CO CMEChIO 3aMOJHUTENS U3 H3-
BECTHSKA U OTXO/0B CIIMTOTO MOJUATHUIICHA.

6. O0pa3iel MaTepualia ¢ 3aroIHUTEIEM U3 OTXO/I0B CIIH-
TOTO TOJMATHIIEHA 00Jalal0T BBICOKHM COIIPOTHBIICHHEM HC-
tupanuro. Takoi 3PeKT 00BICHICTCS IPUPOIOH CIIUTOTO IT0-
JIMSTUIICHA, KOTOPBIH OJaromaps CBOSH TpeXMEpHOU CTPYKTYpe
U TIOMICPEYHBIM CBS3SIM B MOJICKYJIAX ITOJUMEpPa B TOM YHUCIIC
o0aaeT BEICOKOW M3HOCOCTOMKOCTEIO.

7. Ha ocHOBaHUM NPOBEACHHOM OLIEHKH MOPO30CTOMKOCTH
JUIATOMETPHYECKUM CIIOCOOOM YCTAHOBJICHO, YTO IOJTy4YeH-
HBIE 00pa3IBl 00J1a/1aI0T TOCTATOYHO BEICOKOM MOPO30CTOMKO-
ctrio (Mapka F300).

8. Haunmyummmu cBO¥cTBaMu 1O pe3yjIbTaTaM HCCIea0Ba-
HUH 06721271 06pa3Ibl CO CMECHIO TOJUMEPHOTO U MUHEPATh-
HOTO 3arouHuTeNs. [Ipu J0CTaTOYHO BHICOKOI MPOYHOCTH Ta-
Kre 00pa3ibl 00JIaAal0T MOBBIIICHHBIM COMTPOTHBICHHEM UCTH-
paHuio, BHICOKOH MOPO30CTOHKOCTBIO, CHMIKEHHOH IUIOTHO-
CTBIO U YCaIKOM.

9. Ha ocHOBaHHMH TPOBEICHHBIX UCCICIOBAHUN H3TOTOB-
JICHBI U TIPEJICTABJICHBI ICKOPATUBHBIC U3 ACIHA C l'IOp(i)I/IpOBBIM
PHUCYHKOM, KOTOpPBIE MOTYT OBITH PEKOMEHIOBAHBI AJIS TIPUMeE-
HEHUS B KayecTBE JIEKOPATHBHOI HAIMOJIbHOM, WHTEPHEPHOU
WM TPOTYApHOU IIJIUTKHU.

Jluteparypa:

Conclusions

The results of the conducted research can be summa-
rized by the following main conclusions:

1. The inclusion of crushed waste from crosslinked
polyethylene in the composition of the composite material
reduces the fluidity and workability of the mixture due to
the irregular shape and rough surface of the particles of
such an aggregate. The friction of the particles with the
cement paste and against each other increases, and the
amount of cement paste needed to coat the aggregate in-
creases.

2. Samples with aggregate from crushed waste of
crosslinked polyethylene have a reduced density (1,570
kg/m?), which is due to the low density of the polymer
waste itself.

3. Samples of the material with an aggregate in the
form of crosslinked polyethylene waste have significantly
reduced strength indicators. This effect is explained by
the different physical and chemical nature of the cement
matrix and polymer waste and the low modulus of elas-
ticity of this aggregate.

4. The destruction of samples with an aggregate made
of crosslinked polyethylene occurs more plastically; at the
moment of peak load, the aggregate protects the sample
structure from complete destruction for some time, while
in samples with a mineral aggregate, destruction occurs
fragile.

5. The samples from only the crosslinked polyeth-
ylene waste aggregate showed significant shrinkage dur-
ing the first 60 days of hardening. This is due to the re-
duced modulus of elasticity of such an aggregate, which,
due to its low rigidity, cannot fully restrain the defor-
mation of cement stone. At the same time, samples with a
mixture of limestone aggregate and cross-linked polyeth-
ylene waste have much less shrinkage.

6. Material samples with aggregate from waste cross-
linked polyethylene have high abrasion resistance. This
effect is explained by the nature of cross-linked polyeth-
ylene, which, due to its three-dimensional structure and
cross-links in polymer molecules, also has high abrasion
resistance.

7. Based on the conducted assessment of frost re-
sistance by the dilatometric method, it was found that the
obtained samples have a sufficiently high frost resistance
(mark F300).

8.Samples with a mixture of polymer and mineral ag-
gregate had the best properties according to the results of
the studies. With sufficiently high strength, such samples
have increased abrasion resistance, high frost resistance,
reduced density and shrinkage.

9. Based on the conducted research, decorative prod-
ucts with a porphyry pattern have been produced and pre-
sented, which can be recommended for use as decorative
floor, interior or paving tiles.
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