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AHHOTANUA

Tlpugeodenvr 0cHOBHbBIE MEXHOIOSUYECKUE ACNEKMbl NPOU3B00CMEd cmpoumenvHoll kepamuru. Ha ocnose ananuza aumepamypuix uc-
MOYHUKO8 NPOBEOeHA KOMNJIEKCHAS OYEHKA YelecO0OPA3HOCHU UCTIONb308AHUSL OMX0008 CIMPOUMENbHOU KEPAMUKU 8 KAYeCMEE GMOPULHO20
CbIpbsL 0151 RPOU3BOOCMEA HOGLIX CMPOUMeNbHblX Mamepuanos. Ha ocnosanuu ucciedosanus pabom co8peMeHHbIX YUeHbIX YCMAHOBGLEHO,
umo omxo0uvl 6051 CMpPOUMENbHOU KepamuKy PueoOHbl 0Jis UCHOIb308AHUS @ KAUeCmee 3an0IHUMesl, YacmuyHOl 3aMeHbl YeMeHMA U PeaK-
YUOHHO-akmugHou 0obasku 6 bemonax u pacmeopax. Ilpu ucnonvzosanuu 605 CMPOUMeNbHOU KePAMUKU 8 KA4ecmee 3anoHumeis peKko-
MEHOYEMCsl 0SPAHUYUBAMb 3AMeUeHUe HAmyPalbHo20 3anoinumens na yposue 20-30%, cosmecmuo ucnonwv3ys pasiuuHsie 000asKu: nia-
cmuguyupyrowue u yIyuiaowue peomexHoi0sudeckue u usuKo-mexanuieckue ceoticmea bemona. TOHKOMOIOMbIe OMX00bL KUPNUUHO20
605 061a0a10M NYYYOJIAHOBOU AKMUBHOCIBIO U NPU UCHONb308AHUU 8 KAYeCmEe PeaKyuoHHO-AKMUBHOU 000a8KY UL YACMUYHOU 3aMeHbl
yemenma 6 bemonax u pacmeopax 00 20-25% cnocobuvl yayuwams cmpyKmypy yeMeHmuo20 KamHs, nO8bIUAMb NPOYHOCMb, CHUNCAND
MAKPOROPUCIOCMb U NPOHUKHOGEHUE XIOPUO-UOHO8, Yeeauuusams cyivgamocmotikocms. Takozo poda esicywee CKIoHHO K boee no3o-
HeMy HAOOpY NPOYHOCMU NO CPAGHEeHUIo ¢ nopmianoyemenmom. Kpome mozo, omxo0bl cmpoumensHol Kepamuk MOJICHO NPUMEHSMb 6
npou3800Cmae aKMUuBUPOBAHHBIX WeEN0UbI0 YEMEHMO8 U UIAKOWETOUHBIX BSICYWUX, d MAKICE KAK Chipbe 011 RPOU3800CHEA HOB020 KUp-
nuua iy yCmpoucmea OCHOBAHUL OOPOICHBIX 00edicO. Buiseneno, umo npouzgo0cmeo cmpoumenvublx MAmepuaiog u uz0eiuti Ha OCHOge
0mx0008 CMpOUmMenbHOU KepaMUKU AGIAemcst NepCReKMUGHbIM HANPAGIeHUeM PA36Umusi CmpoumenbHo20 npouzeoocmea. Bosmooicno ne
MONILKO NOJYHEeHUEe MAMEPUALo8 PAGHbIX HO KAYeCMEY U30eIUsIM HA HAMYPAIbHOM CbiPbe, HO U C NOBLIUEHHIMU XAPAKMEPUCTIUKAMU.
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JJISI HUTUPOBAHMS: bapy3aun, A. A. [lepcreKTHBBI HCIIOJIB30BAHUS OTXOZ0B CTPOUTEIBHON KEpaMHUKU IPH IIPOU3BOICTBE
CTpOUTENBHBIX MaTepuasioB / A. A. bapy3nun, JI. B. 3akpeBckast // Texauka u TexHonorus cuimkaToB. — 2024, — T. 31, Ne 2. — C. 140-153.

Type of article - scientific article
OECD 2.01 Civil engineering EDN PKGLUQ
FA CONSTRUCTION & BUILDING TECHNOLOGY DOI 10.62980/2076-0655-2024-140-153

PROSPECTS FOR THE USE OF CONSTRUCTION CERAMICS WASTE IN
THE PRODUCTION OF BUILDING MATERIALS

Baruzdin A.A.!, Zakrevskaya L.V.!

1Vladimir State University named after Alexander Grigoryevich and Nikolai Grigoryevich Stoletov

ABSTRACT

The main technological aspects of the production of building ceramics are given. Based on the analysis of literary sources, a compre-
hensive assessment of the feasibility of using construction ceramic waste as a secondary raw material for the production of new building
materials was carried out. Based on the research of modern scientists, it has been established that the waste from the scrap of building
ceramics is suitable for use as an aggregate, partial replacement of cement and a reactive additive in concretes and mortars. When using
scrap of construction ceramics as an aggregate, it is recommended to limit the substitution of natural aggregate at the level of 20-30%,
together using various additives: plasticizing and improving rheotechnological and physico-mechanical properties of concrete. Finely
ground waste from brick scrap has pozzolan activity and, when used as a reactive additive or partial replacement of cement in concretes and
mortars, up to 20-25% can improve the structure of cement stone, increase strength, reduce macroporosity and penetration of chloride ions,
and increase sulfate resistance. This kind of binder is prone to a later set of strength compared to Portland cement. In addition, the waste of
building ceramics can be used in the production of alkali-activated cements and slag-alkali binders, as well as s raw materials for the
production of new bricks or the construction of road surface bases. It has been revealed that the production of building materials and products
based on construction ceramics waste is a promising direction for the development of construction production. It is possible not only to obtain
materials of equal quality to products based on natural raw materials, but also with improved characteristics.
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BBEJEHUE

B npouiecce mpon3BOICTBAa CTPOUTENFHBIX MAaTEPHAIOB U HU3-
JIeTINiA, BO3BEICHHS, PEMOHTA, PEKOHCTPYKIMH W PEHOBALUH
3aHUNA U COOPYKEHUH 00pa3yeTcs 3HAYUTEIHHOE KOJIMYECTBO
01x0/10B. OIHUM U3 CaMbIX PaclpPOCTPAHEHHBIX BHIOB CTPOU-
TEJIHBIX OTXOJIOB HapsiAy ¢ OCTOHHBIM JIOMOM, JIPEBECHHON M
JIOMOM METAJUIOB SIBJIIOTCS OTXOABI CTPOUTEIBHON KepaMHKH,
oOpa3zyronecsi Kak B Mpolecce IPOM3BOACTBA MaTepHaoB
(bpak), Tak 1 B Ipolecce CTPOUTENBCTBA, PEMOHTA U CHOCA 3/1a-
HUi (0o kepamukn). IIpu 3TOM OTXOIBI KepaMUKH 00Ja/atoT
MOTEHINATHHO MOJIE3HBIMHI CBOHCTBAMH, KaK CHIPhE JJIST HOBBIX
CTPOHTENBHBIX MaTEepPHAalIOB, TAKUMH KaK MOPHCTOCTH, MPOY-
HOCTB, TOITOBEYHOCTh M OTHOCHUTEIIEHO HEBBICOKAS TUIOTHOCTD.

Eme npeBHIE MacTepa Ipu U3TOTOBJICHUH PACTBOPOB YacTO
ucnosb3oBanu uemMsHKy. B KueBckux pactBopax XI B. oHa
MpeCTaBIsgeT COOO0M CIeManbHO 000K KEHHYIO M TOHKO pa3Mo-
JnoTyto riaunHy. [lo3nHee BcE yalie B KauecTBE LIEMSHKU [IpUMe-
HSCTCS TOTYCHBIN KUPIIMYHBIH 00H, 4T0, HECOMHEHHO, ObLIO 00-
Jiee BBITOJTHO, IIOTOMY YTO IO3BOJISJIO C MOJIB30H yNOTpeOIsITh
Opax kupruya. [Ipu 3TOM HanmMuue B pacTBOpe KPyIHOH (pax-
IIMH KEPAMHUYECKOTO 3aII0JIHUTEIIS] YMEHBIIIAET YCaIKy IIPU TBEP-
JICHNU U o0ecrieunBacT pacTBOpy OOJBIIYI0 CTOMKOCTh K pac-
TPECKUBAHUIO, a HAJMYNEe TOHKOAMCIICPCHOW (ppakIuU Kepa-
MUKH TIPUAAET PaCTBOPY MYIIIOJIAHOBYIO aKTHBHOCTS [1].

Bo Bropoit monouHe XX B. HAUMHAET POPMUPOBATHCS CO-
BpPEMEHHBIH MOIXO0/ K IepepabOTKe CTPOUTEIEHBIX OTXOI0B, KO-
TOPBIA B TIOCJIECTBHY IPHOOpETaeT Ha3BaHUE PEIUKINHT — ITe-
pepaboTKa OTXOJOB C IENbI0 MX BO3BpAIICHUS B IPOH3BOI-
CTBEHHO-3KOHOMHUYECKUIT 000pOT, B Ka4eCTBE BTOPUYHOTO CHI-
pbsi. B HEKkOTOpBIX cTpaHax Onarojapsi TEXHOJOTHSIM PELHUK-
JIMHTa YPOBEHb IePepabOTKH CTPOUTEIBHBIX OTXOJIOB JOCTUTAET
50-90% [2]. B Poccuu He cMOTpsI Ha 3HAYUTEIHHBIA HAKOIUICH-
HBIH OIBIT OOpaLICHUs C OTXOAaMH, JJaHHBIE TEXHOJIOTUU HAXO-
JIATCSI HA CTAJMU PA3BUTHUS M BHEAPCHHUS.

3agauu uccjae 0BaHNUA:

- aQHaJIM3 CBOMCTB OTXOJIOB CTPOMTENILHOM KepamuKu, o0y-
CJIOBJICHHBIX OCOOEHHOCTSIMH CBIPbSI U TEXHOJOTUH U3TOTOBJIE-
HUSI KEPaMHUYECKHUX W3/IEINH;

- IICCJIEI0OBaHUE CITIOCOOOB ITOJTOTOBKH 1 IepepabOTKU 0TXO-
JIOB CTPOUTEIILHOM KEPAMUKH B LIEJNISIX HCIIOIb30BAHUS B IPOH3-
BOJICTBE CTPOUTEIBbHBIX MATEPUAJIOB;

- OLICHKA ¥ aHAJTU3 11e1eCO00Pa3HOCTH UCIIOIB30BaHMs OTXO-
JIOB CTPOUTENFHOH KEpaMUKH B KayeCTBE BTOPUYHOTO CBHIPBS
JUISL TPOU3BOACTBA HOBBIX CTPOUTENBHBIX MaTepPHaJIOB;

- BBIBIEHHE Hambosee 3()(HEKTUBHBIX U TMEPCIEKTUBHBIX
CII0COOOB PELUKIIMHTa OTXOJOB CTPOUTEIILHOW KEPaMUKU;

CocTaB 0TX010B CTPOUTENBHOI KepaMUKH

OCHOBHBIM CBIPBEM ISl IPOU3BOJICTBA KEPAMUKH SIBIISIOTCS
TJIMHBI — 0CA/I0YHbBIE TOPHBIE TIOPOJIBI, COCTOSIINE B OCHOBHOM
W3 TJIMHUCTBIX MHUHEPAJIOB, BOAHBIX aIOMOCHIMKATOB (KaoJu-
HUT ALO3-2Si0;, moaT™MopmmonuT Al03-4Si0,'nH,0). Paz-
Mep YacTHUI] TIMHUCTHIX MHUHEpaioB He mpesbimaer 0,005 mw,
¢opma uvactury — rulacTuH4aTas. bonbinas yaenpHas MOBEPX-
HOCTb TJIMHHUCTBIX YacTUI] U UX THUAPOPUIBHOCTH MO3BOJSET
TJIMHE TOTJIONIATh U yJIEPKUBATh BOAY, UMEHHO IIIMHUCTHIE MU-
HepaJibl TI03BOJISIFOT TJIMHE OBITh IUTACTUYHOW NPH YBIIQXKHEHUH,
JIOCTaTOYHO IPOYHOMN MPH BHICHIXaHUHU U OBITH CIIOCOOHOH K CI1e-
KaHHIo Npu o0xure. Kpome rIMHACTBIX MUHEPAJIOB B TJIMHE CO-
JIep>KaThesl TBIIh M IIECOK, KOTOpbIe cocTosAT n3 kBapua (Si0O»),
kapOoHaroB kanbuus U Maraus (CaCO3 u MgCOs) u apyrux mMu-
HepanoB. Conep)kaHue 3THX KOMIOHEHTOB TaKKe BIMSCT Ha
CBOMCTBA M KaueCTBO KEPAMUUYECKUX H3aenuit [3].

INTRODUCTION

In the process of production of building materials and
products, construction, repair, reconstruction and reno-
vation of buildings and structures, a significant amount
of waste is generated. One of the most widespread types
of construction waste, along with concrete scrap, wood
and scrap metals, is construction ceramics waste gener-
ated both during the production of materials and during
the construction, repair and demolition of buildings. At
the same time, ceramic waste has potentially useful prop-
erties as raw materials for new building materials, such
as porosity, strength, durability and relatively low den-
sity.

Even the ancient masters often used cemyanka in the
production of mortars. In Kiev mortars of the XI century,
it is a specially baked and finely ground clay. Later,
crushed brick was increasingly used as a cemyanka,
which, undoubtedly, was more profitable, because it al-
lowed the waste of bricks to be usefully used. At the
same time, the presence of a large fraction of ceramic ag-
gregate in the mortar reduces shrinkage during hardening
and provides the mortar with greater resistance to crack-
ing, and the presence of a fine ceramic fraction gives the
mortar pozzolan activity [1].

In the second half of the 20th century, a modern ap-
proach to the processing of construction waste began to
take shape, which later acquired the name recycling —
processing of waste in order to return it to production and
economic turnover, as a secondary raw material. In some
countries, thanks to recycling technologies, the level of
recycling of construction waste reaches 50-90% [2]. In
Russia, despite the considerable accumulated experience
in waste management, these technologies are at the stage
of development and implementation.

Research objectives:

- analysis of the properties of construction ceramics
waste due to the peculiarities of raw materials and ce-
ramic products manufacturing technologys;

- research of methods of preparation and processing
of construction ceramics waste for use it at the produc-
tion of building materials;

- assessment and analysis of the feasibility of using
construction ceramic waste as a secondary raw material
for the production of new building materials;

- identification of the most effective and promising
ways of recycling construction ceramics waste;

Composition of construction ceramics waste

The main raw materials for the production of ceram-
ics are clays — sedimentary rocks consisting mainly of
clay minerals, aqueous alumosilicates (kaolinite
Al,05:2S10,, montmorillonite Al,034Si0,'nH,0). The
particle size of clay minerals does not exceed 0.005 mm,
the particle shape is lamellar. The large specific surface
area of clay particles and their hydrophilicity allows clay
to absorb and retain water, it is clay minerals that allow
clay to be plastic when moistened, sufficiently durable
when drying and capable of sintering during firing. In
addition to clay minerals, clay contains dust and sand,
which consist of quartz (SiO»), calcium and magnesium
carbonates (CaCO3 and MgCO3) and other minerals. The
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JI1st CHUKEHMSI IUIACTUYHOCTH, YMEHBIICHUS YCaAKH, yiIyd-
IIEHUsS CYIIKH TJMH BBOAAT OTOMIAIOIIME J00aBKM (IIECOK,
IIJIaKH, 30J1bl, IIAMOT, U3MEJIbYEHHBIN 001 KMpInYa, IeruApaTH-
poBaHHas TIMHA). {7151 CHU)KEHHS IVIOTHOCTH Y TETIIIONPOBOJIHO-
CTH W3JICHN UCIONB3YIOT MOPooOpasyromue 100aBku (J10J10-
MHT, YTOJBHBINA MOPOIIOK, omikK). Korna Heobxoanmo moHu-
3UTh TEMIIEPATYPY CIICKAHUS CHIPhEBOI CMECH HCIIOJNB3YIOT J0-
0OaBKU-IIaBHH (TaNbK, MOJICBBIE IITIATHL, KeIe3Hast pyaa) [3].

ChIpbeBast IIUXTA [0 XUMHYECKOMY COCTaBY B 3aBUCHMOCTHU
OT COCTaBa MIIMH W Halu4us J00aBOK MOXKET OTIHYATHCS,
OOBITHO MTUXTA COAEPKUT Takue okcuabl kak Si0O; , Al,Os, CaO,
MgO, Fe;03, Na,0, K,0, TiO,. B pe3ynbTaTte 00kHra ChIpbs 00-
pa3yeTcsi NOJMMUHEPAIbHBIA CTPYKTYpa KEPaMU4ECKOIO KaMHH,
npeaonpeaeNsronas ero CTpOeHUEe U CBOKCTBA, (ha30BbId COCTAB
KOTOPOW MOJXKET OBbITh TPEJCTaBICH Pa3IMYHBIMHU IOJIEBBHIMU
mmaramu  (aHoptur —  CaO-AlLO;32Si0,,  amsbur —
Na,0-Al,03:6Si0,), B-kBapuem, dopcreputom - 2MgO -SiO»,
marHesnodeppurom — MgO-Fe, O3, rematntoMm — Fe,03, MeTaka-
omuHUTOM — Al,03-2510,, Mmymmurom — 3A1,03-2S10; u crekino-
(azoit. Creknodaza obOpaszyercs U3 KAOKOW (a3el HA CTAAUU
CTeKaHUsI KUPNUYa U o0ecriedynBaeT GOpMHUPOBAHIE KOHIIIOME-
para, OOYCIIaBIUBAOLIETO MPOYHOCTh KEPAMUYECKOW MACChI
[4,5,6,7].

CornacHO COBpEMEHHBIM HCCIIeHOBaHIIM [4-6, 9] 1BeT Ke-
PaMUYECKOro KMpIHUYa IIIaBHBIM 00pPa30M 3aBUCHT OT COJIepIKa-
HUSI B HCIOJIb3YEMOM ChIPb€ OKCHJIOB JKeJie3a, OKpalllBaHHe
MPOUCXOUT 3a cueT remaTtuta (o-Fe,O3) umeromiero okpac ot
KpPOBaBO KPAacHOrO J0 YEPHOI'0, a TaKKe HM3-3a OKpalIHMBaHUs
crekiogassl B 6oiee TeMHbIE (Oypble) TOHA 32 CYET PACTBOPEHHS
B HEll xenesa.

Kepamuka o1iH U3 OCHOBHBIX CTPOUTEIBHBIX MAaTEPHAIOB U
MOXET MPUMEHSATHCS TPAKTHYECKH BO BCEX AIIEMEHTAX 3aHUi 1
COOpYKEHHIA. Pa3nuvaoT CTEHOBYIO KEPAMHUKY, KPOBEIIbHBIC H3-
nmenusi (depenmma), QacamgHple w3menus (JIMIEBOH KUPIIHY,
TUTMTKA), W3NS ISl BHYTPEHHEH OTAENKH (OONHIIOBKA CTEH,
TUTUTKA JJISI TIOJIOB), CAHUTAPHO-TEXHUYECKUE U3/IENHUs, CIelH-
aTbHYIO0 KepaMUKY (KUCIIOTOYIOpHAs, OTHEYIIOpHAs ).

TexHO0J10TUsI NOATOTOBKH OTX0/I0B CTPOUTEIbHOI
KepaMUKH

OTX07BI CHOCA, PEKOHCTPYKLIMH, PEHOBAIIMM U CTPOUTEIb-
CTBa 3/IaHUI ¥ COOPYKEHNH, KaK IPaBUII0, O4Y€Hb HEOJHOPOIHBI,
MO3TOMY IS TOCIIEAYIOIIEr0 UCIOJIB30BAHUS B KAYECTBE CHIPhS
JUIsl HOBBIX MaTepHajoB HE0OX0JMMa COOTBETCTBYOIIAsK TIOATO-
TOBKa JUIS HOJIYYEHHsl ChIpbsi ¢ Ooiyiee CTaOMIIBHBIMH CBOW-
CTBaMH.

[ToBcemecTHO GOJBIIYIO YacTh TakuX 0TX010B (10 80%) co-
CTaBJIsIeT OCTOHHBIH JIOM ¥ KUpIUYHBIH 00i. Bosbiast yacTe o1-
XOJI0B MOXET OBITh OT/EJIEHA ITyTEM BEIOOPOYHOTO pa3pyLIeHUs
B COUYCTAHWH C PYYHOH M MEXaHWYECKOH COPTHUPOBKOH Iepen
npobsiennem. HeGonpimas 9acTh 0TX070B OeTOHA, pacTBopa M
KHpIH4a, KOTopas TPYTHOOTHAEINMAa, MOXKET OBITh Imepepado-
TaHa COBMECTHO B CMECh KHPIIMIHOTO M OETOHHOT'O MOPOIIKa,
KOTOPBIH TaKXKe MOXKET OBITh IPUMEHUM B KaUECTBE YaCTUYHON
3aMEHbI [IEMEHTA WJIH AKTUBHOM KPEMHE3eM-TJIMHO3EMUCTON 10~
6asxkmu [10].

B menoMm TexHOJOTHs MOATOTOBKH MOXET COCTOSTh U3 He-
CKOJIBKMX 3TanoB. Ha mepBoM 3rtame oTXozpl KUpIUYa OTAETS-
I0TCSL OT OTXOJIOB OETOHA M APYIMX OTXO/OB CTPOUTEIHCTBA U
CHOCa, KOTOpbIE WAYT Ha MepepaboTKy Mo cBoel crenuguye-
CKOM TEXHOJOTHH. 3aTeM KUPITUYHBIA 00W M3MENbYaeTcs B Te-
pepaboTanHbIil MaTtepuas. KpymnHble yacTHIBI pa3MepoM Ooliee
5 MM MOTyT OBITh HCIIOIB30BaHBI B KaueCTBE 3aIOJIHUTEIS
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content of these components also affects the properties
and quality of ceramic products [3].

Mineral filler (sand, slags, ash, chamotte, crushed
brick, dehydrated clay) are introduced to reduce plastic-
ity and shrinkage, and improve clay drying. Pore-form-
ing additives (dolomite, coal powder, sawdust) are used
to reduce the density and thermal conductivity of prod-
ucts. Melting additives (talk, feldspar, iron ore) are used
when it is necessary to lower the sintering temperature of
the raw mixture [3].

The raw material mix may differ in chemical compo-
sition depending on the composition of clays and the
presence of additives, usually the mix contains oxides
such as SiO,, Al,O;, CaO, MgO, Fe,0s, Na,O, K0,
TiO,. As a result of firing of raw materials, a polymineral
structure of ceramic stone is formed, which determines
its structure and properties, the phase composition of
which can be represented by various feldspars (anorthite
— CaO'A1203‘2Si02, albite — Na20 A120365102), B—
quartz, forsterite - 2MgO -SiO,, magnesioferrite —
MgO-Fe;O3, hematite — Fe O3, metacaolinite —
AL0O3-2S10,, mullite — 3A1,03-2510, and glass phase.
The glass phase is formed from the liquid phase at the
brick sintering stage and ensures the formation of a con-
glomerate that determines the strength of the ceramic
mass [4,5,6,7].

According to modern studies [4-6, 9], the color of ce-
ramic bricks mainly depends on the content of iron ox-
ides in the raw materials used, staining occurs due to
hematite (a-Fe,O3) having a color from blood red to
black, as well as due to the staining of the glass phase in
darker (brown) tones due to the dissolution of iron in it.

Ceramics is one of the main building materials and
can be used in almost all elements of buildings and struc-
tures. There are wall ceramics, roofing products (tiles),
facade products (face bricks, tiles), products for interior
decoration (wall and floor tiles), sanitary products, spe-
cial ceramics (acid-resistant, fire-resistant).

Technology of preparation of construction
ceramics waste

Waste from demolition, reconstruction, renovation
and construction of buildings and structures is usually
very heterogeneous, therefore, for subsequent use as raw
materials for new materials, appropriate preparation is
necessary to obtain raw materials with more stable prop-
erties.

Everywhere, most of such waste (up to 80%) is made
up of concrete and brick scrap. Most of the waste can be
separated by selective destruction in combination with
manual and mechanical sorting before crushing. A small
part of the concrete, mortar and brick waste, which is dif-
ficult to separate, can be processed together into a mix-
ture of brick and concrete powder, which can also be
used as a partial replacement for cement or an active sil-
ica-alumina additive [10].

In general, the preparation technology may consist of
several stages. At the first stage, brick waste is separated
from concrete waste and other construction and demoli-
tion waste, which are recycled according to their specific
technology. Thereafter, the brick scrap is ground into re-
cycled material. Large particles larger than 5 mm can be
used as a concrete coarse aggregate. Particles of 0.14-5
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6erona. Yactuusl pazmepom 0,14-5 MM MOTYT OBITH HCHOJIB30-
BaHbI B KAYECTBE MEJIKOT'O 3aIIOTHUTENS JUIsi OSTOHOB WIIM MOTYT
ObITH coBMecTHO ¢ ToHKMMH yacthuamu (0-0,14 MM) u3mens-
YeHBbl B TOHKOJMCHEPCHBIN IOPOLIOK. [y MpUroToBieHus Ta-
KOT'0 ITOpOIIKa MCHOJIB3YETCsl IOMOJIbHOE 000pyZ0BaHUE, TPH
9TOM MOXHO KOHTPOJIMPOBATh PACIpENEIeHUE YacTUI[ MO pas-
MepaM, KOPPEKTHUpPYsS THUI MOMOJBHOTO OOOpYZOBAaHUS U IPO-
JIOJDKUTEIIBHOCTH momoda [10].

ITpn 5TOM TIpHM yBENNYEHUN TOHKOCTH TIOMOJIA, KaK ITPaBHIIO,
YBEIMUYMBACTCA PEAKIMOHHAS aKTUBHOCTh CTPOUTEIBHBIX IIO-
POIIKOB. DTO CBA3aHO C TEM, UTO IIPH YBEIMUECHUH YAEIbHOMN HO-
BEPXHOCTH MOPOIITKA MOBHIIIACTCA TUIONIAb PEaKIIUN U KOIHYe-
CTBO aKTHBHBIX YaCTHII, KOTOPbIE CIOCOOHBI CBSA3BIBATHCSI C IPY-
TMMHU 4JacTUIlaMH. BMecTe ¢ TeM MOBBIIAETCS OJHOPOAHOCTh
MaTepHaia U OJHOPOJHOCTh €T0 CBOMCTB. B TO ke BpeMs aiis
Ka)KJJOT0 OPOILIKAa MOKHO YCTaHOBUTh Hau00JIee ONITUMAJIbHYIO
TOHKOCTh IOMOJIA, IIPU KOTOPOH €ro CBOMCTBA HCIOJIB3YHOTCS
HanOostee MOJHO U JJaNIbHEHIIIee U3MeIbUeHNE HE palliOHAIBHO.
Upe3mepHO BBICOKast TOHKOCTD ITOMOJIa HE BCEra JKellaTelbHa,
TaK KakK AUCIIEPCHBIN MOpOIIOK TpeOyeT OOobIe BOIBI, YTO MO-
JKET TPUBECTH K IMOBBIIICHHON yCaZKe M PACTPECKUBAHMIO TPH
3arBepuaeBannu [11].

C touku 3penus teopun [ puddurca-OpoBana-Pedbunmepa
IpoIiecc N3MENbYEHHUS POUCXOANUT B HECKOJIBKO 3TanoB [12]:

- BO3HHKHOBEHHE Je(EKTOB U JIOKAJIU3ALMsI KOHLEHTPAIMA
HaIPsDKEHUI IPYU BO3JIEHUCTBUM HA MUKPOYACTUIy BELIECTBA,

- 00pazoBaHUe 3apOJIBIIIEBBIX MUKPOTPELIMH U Pa3pbIB KPH-
CTAJUTMYECKOH LIETTOCTHOCTH CTPYKTYPBI YaCTHUIIBI;

- pocT Ha 0a3e MUKPOTpPEIIMH MarucCTPaJbHBIX MaKpoTpe-
IIMH, TPUBOSIIMX K 00pa30BaHHIO TOBEPXHOCTH Pa3pyIICHHS;

Jliist npo0GIieHnst ¥ M3MeNTbUeHHs CTPOUTENBHBIX OTX0/I0B U, B
YaCTHOCTH, OTXOJIOB CTPOUTEIHHON KEPAMUKH PAIIMOHAIBHO OY-
JIET IPUMEHSTH LIEKOBBIE, KOHYCHBIC, BAJIKOBBIE, YAapHBIE APO-
OWIIKY, a TAK)Ke BPAIAIOIIMECs IapOBhIE, BAPHO-TUIAHETAPHBIC,
BHUOpAIMOHHBIC U [IEHTPOOCKHBIC MEIbHUIIBL.

Ha puc.1 m3o6paxeno obopynoBaHWe NPUTOAHOE UIS W3-
MEIBUEHHS OTXOJ0B CTPOUTEIBbHON KEPAMUKH.

Astopamu pabotsl [11] npousseneHo cpaBHeHnE 3P PEKTUB-
HOCTH BPAIIAONICHCS IApOBOW, BApHO-TUIAHETAPHON U BUOpa-
LUOHHOW MEJBHHUI[ IPH TIOMOJIE€ KOMITO3UI[HOHHOTO BSDKYIIETO.
Pe3ynbpraThl 3KCIeprMeHTa MOKa3aIl, YTO BpALIAroNasics mapo-
Basi MEJIbHHIIA CHOCOOHA M3MeNIb4aTh Marepual J10 yJeJIbHOH
nosepxuoctu 400 M?/Kr, a BAGPALMOHHAS U BAPHO-TUIAHETAPHAS
10 430 1 900 M*/KT COOTBETCTBEHHO, YTO MOKa3bIBacTCst dPPek-
TUBHOCTh BapHO-TIAHETAPHOW METBHUIBI 110 CPAaBHEHHUIO C
OCTalbHBIMU. BeposTHO, 3TO CBSI3aHO C BO3MOXKHOCTBIO
HACTPOWKH JaHHOTO THIIA MEJBHHIEI C LEJIbI0 KOPPEKTUPOBKH
TPaeKTOPUH U CKOPOCTH ABMKECHUS MEIIOIINX TEI.

CornacHo pe3yibpTaTaM padoTsl [13] mpu noIydYeHNH TOHKO-
MOJIOTOTO IMOPOIIKA HA OCHOBE KMPIHMYHOIO 0O0s NMpH MOMOIIN
IIAPOBOM MEJIBHUIIBI C YBETHYECHHEM BPEMEHH ITOMOJIa YaCTHUIIBI
HE TOJIBKO YMEHBIIAIOTCA B pa3Mepax, HO U CTaHOBSATCA Oonee
OKaTaHHBIMH, ITPOMCXOJUT CTAUMBAaHHE KPaeB U YIJIOB YaCTHII.
Kpome Toro, ¢ yBenndeHreM BpeMeHH TOMOJ1a B YaCTHLIAaX OCTa-
€TCsl MEHBIIIE TTOp, KOTOPhIE pa3pyllaloTcs B mpolecce. Bmecre
C TeM C YBEJIMYCHHEM JJIMTEILHOCTH ITOMOJIA YACTUIIBI HauM-
HAIOT aJICOPOMPOBATHCS JIPYT HA APyTe U Ha KPYIHBIX YacTHIIAX
YTO MOKET HECKOJIBKO YMEHBIINTb YACIbHYIO IOBEPXHOCTh. AB-
TOPBI HE PEKOMEH/TYIOT CIMIIKOM JJTUTEIEHOE BPEMs H3Mellbye-
HUSI TS TIOJTyYCHUS TIOPOIIKA U3 KHPITUYHOTO 004, TOTOMY 9TO
B TaKOM CIIydae CHIKaeTCsl 3(PEKTUBHOCTh M PACTyT 3aTPaThl
SHEPTHH.

mm in size can be used as a fine aggregate for concrete
or combined with fine particles (0-0.14 mm) can be
crushed into a fine powder. Grinding equipment is used
to create a such powder. The particle size distribution of
the powder can be controlled by changing the type of
grinding equipment or the duration of the grinding pro-
cess.

At the same time, as the fineness of grinding in-
creases, the reactivity of building powders typically in-
creases. This is because, with an increase in the specific
surface area of the powder, the reaction area and the
number of active particles that can bind to other particles
both increases. At the same time, the uniformity of the
material and the uniformity of its properties in-
creases. For each powder, there is an optimal grinding
fineness that can be achieved, in which the properties of
the powder are used most effectively and further grind-
ing would not be rational. Excessively high fineness of
grinding is not always desirable, since the dispersed
powder require more water, which can lead to increased
shrinkage and cracking during solidification [11].

From the point of view of the Griffiths-Orovan-Re-
binder theory, the grinding process takes place in several
stages [12]:

- the occurrence of defects and localization of stress
concentrations when exposed on microparticles of sub-
stance;

- formation of germinal microcracks and rupture of
the crystal integrity of the particle structure;

- growth on the basis of microcracks of main
macrofractures leading to the formation of a fracture sur-
face;

It will be rational to use jaw, cone, roller, impact
crushers, as well as rotating ball, vario-planetary, vibra-
tory and centrifugal mills for crushing construction waste
and in particular construction ceramics waste.

Fig. 1 shows equipment suitable for crushing con-
struction ceramic waste.

The authors of the work [11] compared the efficiency
of rotating ball, vario-planetary and vibration mills when
grinding a composite binder. The results of the experi-
ment showed that a rotating ball mill is capable of grind-
ing material up to a specific surface area of 400 m¥kg,
and a vibrating and vario-planetary mill up to 430 and
900 m*/kg, respectively, which shows the efficiency of
the vario-planetary mill compared to the others. This is
probably due to the possibility of configuring this type of
mill in order to adjust the trajectory and speed of move-
ment of grinding elements.

According to the results of work [13], when obtaining
finely ground powder based on brick waste with the help
of a ball mill, with increasing grinding time, the particles
not only decrease in size, but also become more rounded,
the edges and corners of the particles are worn off. In
addition, with increasing grinding time, fewer pores re-
main in the particles, which are destroyed in the process.
At the same time, with an increase in the grinding time,
the particles begin to adsorb on each other and on large
particles, which may slightly reduce the specific surface
area. The authors do not recommend too long a grinding
time to obtain powder from a brick waste, because in this
case efficiency decreases and energy costs increase.
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PUCYHOK 1

OBOPYJAOBAHUE JJis1 U3MEJIb-
YEHUS OTXOA0OB CTPOMUTEJIbL-
HOM KEPAMMKH

a — 1meoBas ApPoduUIIKa

b — konycHas ApoduIKa

¢ — BAJIKOBasi IPOOUIIKA

d, e — ynapHble IpOOHIKH

f — mapoBasi MeJIbHULIA

g — BapHo-IUIaHeTapHAasi MeJIbHULA

h — BuGpaumnonnas MeJbHUIA

i — HeHTpoOeKHbIe MeJILHUIIBI

Figure 1

Equipment for crushing construction
ceramics waste

a — jaw crusher

b — cone crusher

¢ —roller crusher

d, e — impact crushers

f — ball mill

g — vario-planetary mill

h — vibration mill

i — centrifugal mills

ABTOpBI paboTH! [14] M3y4nny 3aBUCUMOCTh MHIEKCA aK-
TUBHOCTH U YAEIbHON IMMOBEPXHOCTH KMPIUIHOTO ITOPOLIKA OT
BpPEMEHH ITOMOJIa B IIapOBOH MebHUIIE. [1o pe3ymbTaTaM 3Kc-
nepumenTa npu 70 u 90 MuHyTax momMoina Obla IOydeHa
yIenbHas TOBEPXHOCTh mopomka 408 u 467 MZ/KI COOTBET-
CTBEHHO U MHACKC aKTUBHOCTH 57,2 11 67,2% COOTBETCTBEHHO.
TakuM 00pa3oM NpH yBEJIUYEHUN BPEMEHU ITOMOJIAa BMECTE C
POCTOM Y/ENBHON MOBEPXHOCTH IMPOUCXOIMUT POCT aKTHBHO-
CTH TIOPOIIIKA U3 KUPITHUYHOTO OOSI.

CornacHo [15] mpu 3ameHe 4YacTH KJIMHKepa OTXOJaMH
KHAPITUYHOTO 00s K MX COBMECTHOM ITOMOJIE TIPH TPOU3BOICTBE
LIEMEHTa CHMYKAeTCsl BPeMsI HEOOXOIMMOE /ISl N3MENTbUCHHSI.
Takoit ke apdekt HabronaeTcst B padote [16]. ABTOp OTM™ME-
YaeT, YTO IPH MIOMOJIC IUIAKOLIETIOYHBIX BKYIINX € J0OaBKOH
MOJIOTOTO 0051 KepaMHUYECKOTO KHPIHYa COKpaIaeTcs BpeMs
MTOMOJIA IT0 CPABHEHHIO C 6€3100aBOYHBIM BSKYIIIM. JTO CBSI-
3aHO C IOHIDKEHHBIMHU a0pa3WBHBEIMH CBOMCTBaMH 00s Kepa-
MHUYECKOTO KUPIIYA U BEAET K 00IeMy CHHKEHHIO OTpedIIe-
HUSI SHEPTHH.

Hcnoab3oBanue 0TX010B CTpOHTeJ’lLHOﬁ KEepaMHUKHU B
KayvecTBe 3aM0JTHUTEJISI 1JIs1 0ETOHOB U PacTBOpoOB

OCOOEHHOCTBIO 3aIIOJIHUTENS Ha OCHOBE 00l KepaMuue-
CKOI'0 KMpIIMYa SBIAETCA TO, YTO OH UMEET TY K€ CTPYKTYpPY,
YTO U MUCXOJHBIM Marepuai, 00JiaiaeT TaKkoil xe HOPUCTOCTHIO
U mpoyHOCThI0. Ha yacTuiiax kepaMiueckoro 3aroJIHUTENs B
nporecce ApoOIeHUs OCTaloTCsa (hparMeHThl PaCTBOPHOM Ya-
CTH, J10JI1 KOTOPOM MOXeT cocTaBisATh 10 15-20% mo macce.
OTX0ap! KUPIUYHOTO 0051 00JIaAIOT MOBBIMICHHBIM BOJOIO-
TJIOLICHUEM, YTO MOAPa3yMEBAET UX NMPHUMEHEHHE COBMECTHO
¢ mactuukaropamu. YBeTHYEHHas BOAONOTPEOHOCTH Ta-
KOT'0 3aITOJIHUTEIIS BIUSIET Ha CTPYKTYpoOoOpa3oBaHne OETOHOB
U pacTBOpoB. [Iponcxoaut nepepacrpeneaceHie BOIAbl MEKIY
KHJIKOM, TBEPAOH 1 ra3000pa3Hoi (a30il 1 MEHSIOTCS PeoJIo-
rudeckue cBoiicTBa 6eToHHOM cMmecH. [Ipu BBeieHnN B OETOH-
HYIO CMECh TaKO# 3allOJIHUTEIb CHAaYaIa MOTJIOIAET JKUIKYFO
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The authors of [14] studied the dependence of the ac-
tivity index and specific surface area of brick powder on
the grinding time in a ball mill. According to the results of
the experiment, at 70 and 90 minutes of grinding, the spe-
cific surface area of the powder was 408 and 467 m*kg,
respectively, and the activity index was 57.2 and 67.2%,
respectively. Thus, with an increase in the grinding time,
along with an increase in the specific surface area, the ac-
tivity of the powder from the brick fight increases.

According to [15], when replacing a part of the clinker
with brick waste and grinding them together during cement
production, the time required for grinding is reduced. The
same effect is observed in [16]. The author notes that when
grinding slag-alkali binders with the addition of ground ce-
ramic brick, the grinding time is reduced compared to the
additive-free binder. This is due to the reduced abrasive
properties of the ceramic brick particles and leads to an
overall reduction in energy consumption.

The use of construction ceramic waste as an
aggregate for concrete and mortars

The peculiarity of the aggregate based on the waste of
ceramic bricks is that it has the same structure as the source
material, has the same porosity and strength. Fragments of
the mortar part remain on the particles of the ceramic ag-
gregate during the crushing process, the proportion of
which can be up to 15-20% by weight. Waste from brick
has increased water absorption, which implies their use in
conjunction with plasticizers. The increased water require-
ment of such an aggregate affects the structure formation
of concretes and mortars. There is a redistribution of water
between the liquid, solid and gaseous phases and the rheo-
logical properties of the concrete mixture change. When
introduced into a concrete mixture, such an aggregate first
absorbs the liquid phase, and then, in the process of gaining
concrete strength, gives it to a hardening cement stone,
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(a3y, a 3arem B nporecce Habopa NPOYHOCTH OETOHA OTHAET
ee B TBEP/ICIONIHI [IEeMEHTHBIN KaMeHb, YTO CIIOCOOCTBYET 00-
Pa30BAHUIO IUIOTHOM CTPYKTYpHI [17-24].

ABTopsI paboThl [25] st n30eranus 100aBICHUS U3JIHII-
Heil BOJIbI B cocTaB OE€TOHA U COXPaHEHHs BOJIOLIEMEHTHOTO CO-
OTHOUIECHUS TIPE/IBAPUTENBHO YBIKHAIOT 3alONHUTENb M3
KHPIHYHOTO 0051, a 3aTeM BBICYIITUBAIOT €r0 C TOBEPXHOCTH.

CpenHsis U HachHITHAs IDIOTHOCTH HICOHS M3 APOOIICHOTO
KepaMU9IeCKOTO KUPITUIHOTO 005 HIDKE, YeM TUIOTHOCTH HaTY-
paTBHBIX 3allOIHUTENIeH. YTIIoBaTas, HEmpaBmiIbHas (opma
YaCTHI] KUPITUIHOTO 005 M HATMYHE TIOp 00ECTIEUNBaIOT XOPO-
niee CLEIUIEHHE ¢ LEMEHTHOM Martpuueil. HemanoBaxHyro
POJIb UIpaeT MPOYHOCTD MIEOHS U3 KUPIIUYHOTO JIOMa, YeM OHa
BBIIIIC, TEM BBIIIIC POYHOCTH MOJIydyacMoro OeToHa [26-28].

bnaronaps TNOBBIIEHHOW TMOPUCTOCTH IOBEPXHOCTHBIX
CJIOEB KUPIHYHOTO 00 TOHKOAWCIIEPCHBIE YaCTHLBI BSIKY-
IIETO MPOHUKAIOT B MOPHI M KAIMJUIAPEI, TAC [P THAPATAIIUH
o0pa3yioT HOBOOOpa3oBaHMs obecreunBas (HOpMHpOBaHUE
MIPOYHBIX CBSI3€U MEX]ly MaTpHULIeH u 3anonHurenem [29].

Ha ocHoBe 3amomauTens u3 005 KepaMUIeCKOTO KHpIIYa
BO3MOXKHO TIONIy4aTh Oe3100aBouHBIe OeTOHBI Mapok B7.5-
B15 ¢ mnotHOCTEIO, HE TipeBbimatommei 1750 xr/m3. Opnaako
Takye OETOHBI BCIEACTBUE BEICOKOW BOJOIIOTPEOHOCTH 3a110JI-
HUTENEeH UMEIOT HEOCTaTKN — OOJIBIIION pacxoa BOJIBI U Iie-
MeHTa, Beicokoe B/I] cooTHoIIeHHE, HU3KKE MTOKa3aTeIH YI0-
6oyxnagpiBaeMocTd. 1103TOMY IpH M3rOTOBIEHUH OETOHOB Ha
OCHOBE 0051 KEpaMHUYECKOT0 KHPIHYa [EIeCO00pa3HO HCIOIb-
30BaTh paziu4HbIC 100aBKH, B TOM YHCIIE U IUIACTU(QHLUPYIO-
IMe, YIy4IIarolie PEOTEXHOIOIHYeCKue U (PU3UKO-MEXaHH-
yeckne cBoWCcTBa OeToHa. Takol MoAX0 MO3BOJISET TOJTydaTh
olbJierdyeHHble KEpaMOOETOHBI KJIaccoB 10 mpovyHoctH B12,5-
B30 [17-19].

HccnenoBaTensiMu oTMeYaeTcsi, 4TO 3aMeHa, KaK KpPyII-
HOT0, TaK ¥ MEJIKOTO 3anojaHuTens 6onee gem Ha 20-30% mpu-
BOJUT K 3HAYUTEIFHOMY YXYALICHAIO TPOYHOCTHBIX XapaKTe-
PHUCTHK, TOTJa KaK, KOTJ]a ypOBEHb 3aMEHBI He npeBbIimaeT 20-
30% BO3MOXHO HOTy4eHHE OeTOHOB 0€3 3HAYUTENEHOTO CHU-
KEHUSI TIPOYHOCTH Win 0e3 cHuxkeHus: BoBce [24,30,31,32].
Kpome Toro, mpu yBEIHUEHUHU COJCPKAHUS 3aMOTHUTENICH 13
KHUPIIMYHOTO 0051 OTMEUaeTcsl yBEeJIMYSHUE CTOMKOCTH OeTOHa
K uctupanuio [30] ¥ MOBBILIEHUWE BIMUSHUS XapaKTEPUCTHK
KOHKPETHOTO OTXOJ[a KUPIUYHOTro 00s1 Ha cBoiicTBa OeToHa
[31].

BopmonporniaeMocTh OETOHA C 3aIOHUTETICM U3 KUPITHIa
BCerJa BBINIC, YeM BOJOIPOHUIIAEMOCTh OETOHA C HATypallb-
HBIMH 3aIIOTHUTEISIMH SKBHBAJICHTHOW MPOYHOCTH. Bomormpo-
HUIIAEMOCTh OCTOHA ¢ KUPIIMYHBIM 3alIOJHHUTEIIEM 3aBUCHUT OT
MPOYHOCTH OETOHA Ha C)KaTHe, BOJOIIOTIIOMICHUS U TIOPUCTO-
CTH TIOJy4aeMoro OeTOHa, a TaKKe MPOYHOCTH M BOJOIIOTIIO-
MIEHHS CaMOTO KUPIUYHOTO 3anoaHuTes [28].

[IpuMeHeHNe 3amOIHUTENS U3 JIPOOJICHOTO KHPIHYHOTO
0051 MOXET CHU3UTh Ce0€CTOMMOCTh TIPOU3BO/ICTBA OeTOHA HA
35% [18].

Bornee BbICOKHME XapaKTepHUCTUKH MMEIOT OETOHBI C 3amMe-
HOHW HaTypaJIbHBIX 3aIIOJTHUTEIICH Ha OTXO/bI KEPAMUKH C HU3-
KHM BOJIOTIOTJIONICHUEM, Tak B pabore [33] aBTOpBI yTBEp-
JKIA0T, YTO MPOYHOCTH TAKOTO OETOHA IIPH 3aMEHE HATypab-
HBIX 3anonHurenei 10 50% Bo3pacTaeT o CpaBHEHUIO C KOH-
TPONBHBEIMHA 00pa3maMu. ABTOPHI CBS3BIBAIOT TaKOW MPHPOCT
MIPOYHOCTH C yITydIIeHHOH MeX()a3HOM 30HOM BCIEICTBHE IIIe-
POXOBaTOCTH 3aIIOTHUTEINS, a TAKXKE C IMOBBIIIEHHOW ITPOYHO-
CTBIO HCIIOJIb3YEMOM cliedy€HHOM Kepamuku. Ilpu sToM npu
YBEJIMYEHUU 3aMeHBl CBBIIIE 50% TPOMCXOIUT CHUKEHHE

which contributes to the formation of a monolithic struc-
ture [17-24].

The authors of the work [25], in order to avoid the ad-
dition of excessive water to the concrete composition and
preserve the water-cement ratio, pre-moisten the aggregate
from the brick waste, and then dry it from the surface.

The apparent density and bulk density of crushed ce-
ramic brick rubble is lower than the density of natural ag-
gregates. The angular, irregular shape of the brick waste
particles and the presence of pores ensure good adhesion
to the cement matrix. The strength of crushed stone from
brick scrap plays an important role, the higher it is, the
higher the strength of the resulting concrete [26-28].

Due to the increased porosity of the surface layers of
the brick waste, fine particles of the binder penetrate into
the pores and capillaries, where they form reaction prod-
ucts during hydration, ensuring the formation of strong
bonds between the matrix and the aggregate [29].

On the basis of a aggregate from a ceramic brick waste,
it is possible to obtain additive-free concretes of strength
classes B7.5-B15 with a density not exceeding 1750 kg/m?.
However, such concretes, due to the high water demand of
aggregates, have disadvantages - high consumption of wa-
ter and cement, high W/C ratio, low workability. There-
fore, in the manufacture of concrete based on the waste of
ceramic bricks, it is advisable to use various additives, in-
cluding plasticizers, which improve the rheological and
physico-mechanical properties of concrete. This approach
makes it possible to obtain lightweight ceramic concrete of
strength classes B12,5-B30 [17-19].

The researchers note that the replacement of both large
and small aggregates by more than 20-30% leads to a sig-
nificant decrease in strength characteristics, whereas when
the replacement level does not exceed 20-30%, it is possi-
ble to obtain concretes without a significant decrease in
strength or without a decrease at all [24,30,31,32]. In addi-
tion, with an increase in the content of aggregates from the
brick waste, an increase in the abrasion resistance of con-
crete is noted [30] and the influence of the characteristics
of a particular waste of brick on the properties of concrete
is increase [31].

The water permeability of concrete with a brick aggre-
gate is always higher than the water permeability of con-
crete with natural aggregates of equivalent strength. The
water permeability of concrete with brick aggregate de-
pends on the compressive strength of concrete, water ab-
sorption and porosity of the resulting concrete, as well as
the strength and water absorption of the brick aggregate
itself [28].

The use of aggregate from crushed brick can reduce the
cost of concrete production by 35% [18].

Concretes with replacement of natural aggregates for
ceramic waste with low water absorption have higher char-
acteristics, so in [33] the authors claim that the strength of
such concrete increases compared with control samples
when replacement of natural aggregates does not exceed
50%. The authors attribute this increase in strength to an
improved interfacial zone due to the roughness of the ag-
gregate, as well as to the increased strength of the used sin-
tered ceramics. At the same time, with an increase in re-
placement of more than 50%, there is a decrease in
strength, which, as the authors note, is associated with a
decrease in the workability of the concrete mixture.
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MPOYHOCTH, YTO KaK OTMEYAIOT aBTOPbI CBSI3aHO CO CHHUIKE-
HHEM 00pabaThiBaeMOCTH OETOHHOW CMECH.

Hcnonb3yst MeKoICIIEpCHBIN Apo0IIeHbIH 00 KepaMuye-
CKOTO KHpIIMYa BMECTO IIeCKa, MOXKHO IOJy4YaTh INTYKaTyp-
HBIE PacTBOPBI, HE YCTYHAIOUINE 10 XapaKTepHUCTHKaM TPajin-
MOHHBIM. Kak 1moka3bIBaroT COBpEMEHHBIE HCCIICIOBAHUS, Ta-
KH€ pacTBOPHI MEHEE IOABMKHBI U TPEOYIOT MCIOJIB30BAHUS
IACTUUIUPYIONINX H00aBOK, OJHAKO OHU MMEIOT JIydIlIne
MOKa3aTeI BOJOYICPKUBAIONIEH CIIOCOOHOCTH, pacciianBae-
MOCTH H TEIUIONIPOBOAHOCTH [34].

ABTOpEHI HccIeA0BaHus [35] Takke 0TMEUaroT, 4TO 3aMeHa
3aIlOJHUTENS B PACTBOPE Ha MepepadOTaHHYI0 MENKYH0 (pak-
1y Kepamudeckoro kupmuya g0 10% B 1enoM MOJI0XKH-
TEJIbHO CKa3bIBAETCS HAa BCEX €r0 XapaKTEepPUCTUKaX: yBelInde-
HHE TPOYHOCTH Ha CXKAaTHE W M3rH0, a TakXkKe aJIre3nOoHHOMN
MPOYHOCTH, CHIDKEHHE KOd(QHUIMEeHTa BOJONOIJIOMIEHHS U
MOBBILIEHHE BOAOYAEpKHUBatoIei criocoOHocTH. MckiroueHu-
MU SIBJIIIOTCS yCaJKa M IapoNpOHUIAeMOCTh, KOTOPHIE He-
3HAUUTEJBHO yXyamatoTces (yBennueHue ycaaku Ha 13%, cau-
JKeHUE MapoIpoHnIiaeMocTy Ha 25%).

Krnanounsle pacTBOPHI ¢ HATIOJIHUTENEM U3 TOHKOANCIIEPC-
HBIX OTXOJJOB KEPAMUKH XapaKTePU3YIOTCS MaKCHMaJIbHOH aj-
re3ueil K kepaMuyeckoMmy Kupnuuy. biarogaps cpoactBy co-
CTaBOB B 30HE KOHTaKTa 00pa3yercsi TOXKJECTBEHHAs CTPYK-
Typa obecreunBarolias MOHOJIMTHOCTh KJaaku [29].

HUcnoab3oBaHue 0TX010B KEepaMMKH B Ka1eCTBe
YaCTUYHOM 3aMeHbl IIEMEHTAa U FH}IpaBJ’[l/I‘leCKOﬁ Z[OﬁaBKI/l

Kak 6bL10 cKa3aHo paHee, elle Bo BpeMeHa Buzanruu, a 3a-
TeM U B JlpeBHeil Pycu mpu IpUroTOBICHUHM CTPOHMTENBHBIX
pPacTBOPOB aKTHUBHO TNPHUMEHSICS TOJYEHBIH KHPIHY — Iie-
MsiHKa. COBpEMEHHBIMH yYEHBIMH YCTaHOBJIEHO, YTO TOHKO-
MOJIOTHI KUPIHYHBIH OO MOXET 00JanaTh MYIIIOJIaHOBOM
AKTHBHOCTBIO, 3TO OOYCIOBJIEHO MNEPEXOAOM KpHCTaJUIAYe-
CKHX CTPYKTYp TJHMH B aMOp(HBIE COeAMHEHUS NPH OOXKHUTe
Kkupnuya B TeMmnepatyprHom uaTepBaie 700-1200°C. Otxoast
KEpPaMHUYECKOT0 KHPIHUYa COJEp KaT KBapIl U COCAUHEHUS MO-
nebIx mmnaros (Si0,, Al,O3, Fe;O3, MgO) u npu 3aTBOpeHHn
C TUPOKCHUIOM KaJbIHs (M3BECTHIO) U BOAOM NMPH TBEPACHUU
CIOCOOHBI 00pa30BbIBaTh T'MIPOATIOMHUHHATEI U THIPOCHIIN-
KaTbl KaJIbLIus.

VYcnoBueM mpoTtekaHus peakuuu sBisercs pH pactBopa
paBHoe 12,5 u remneparypa 25°C [25, 36-38].

CornacHo [39] ocHOBOH peakIIMOHHON criocoOHOCTH 000-
JOKEHHBIX TIIMHACTBIX MAaTEPHANIOB SIBIISETCS TO, YTO IIPH TEM-
nepatype 600-800 °C 0CHOBHOI KOMIIOHEHT I'JIMH — HHEPTHBIN
kaonuHAUT (Al,03-2510,:2H,0) 06e3BoKHBaCTCS M IEPEXOTUT
B AKTHUBHBIM KAOJMHHUTOBBIA AHTHUAPUT — METaKaOJIMHHUT
(A1L03-2810,), amophr3npOBaHHEIN B CIIEACTBHE YIAJICHHOM
ruapaTHOU Boabl. IIpy B3auMOIeCTBUY TaKUX IVIMH C THIPOK-
CHJIOM KaJIbIMsl MPOMCXOIUT OOpa30BaHUE I'MIPOCHIIMKATOB
kanbist CSH(B) u ruapat renenuta 2Ca0O- AlxO3-Si0,-8H0.
IIpu oGxure riuH npu OoJsiee BBICOKUX Temmeparypax 900-
1000°C xmMmuuyeckass aKTHBHOCTb CHHXKAETCS B CIEJICTBHU
TOr0, YTO MPOUCXOIUT MEPECTPOCHUE PEIHIETKH METaKaoNU-
Huta, a mpu 1000-1200°C 006pa3yroTcst MaJOaKTHBHBIE MYJUTUT
u Kpucrobanur, npu temreparype 6onee 1200°C obpasyrorest
COOTBETCTBYIOIINE CTEKJIA, IOITOMY MaTepHallbl, IT0JIydaeMble
00XWTroM TIIMH B TemreparypHoM nuanazoHe 900-1200°C xa-
PaKTEepU3yIOTCsl CHM)KEHHOM aKTUBHOCTBIO OTHOCHTENBHO
0003 KEHHBIX TIIMHUACTHIX MaTEPHAaJIOB Moy4aeMbix mpu 600-
800°C.
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Using fine crushed ceramic brick instead of sand, it is
possible to obtain plaster mortars that are not inferior in
characteristics to traditional mortars. As modern studies
show, such mortals are less workability and require the use
of plasticizing additives, however, they have better indica-
tors of water retention, delamination and thermal conduc-
tivity [34].

The authors of the study [35] also note that replacing
the aggregate in the mortar with a recycled fine fraction of
ceramic bricks up to 10% has a generally positive effect on
all its characteristics: an increase in compressive and bend-
ing strength, adhesive strength, a decrease in the coeffi-
cient of water absorption and an increase in water retention
capacity. The exceptions are shrinkage and vapor permea-
bility, which deteriorate slightly (an increase in shrinkage
by 13%, a decrease in vapor permeability by 25%).

Masonry mortars with an aggregate made of finely dis-
persed ceramic waste are characterized by maximum ad-
hesion to ceramic bricks. Due to the affinity of the compo-
sitions in the contact zone, an identical structure is formed
ensuring the solidity of the masonry [29].

The use of ceramic waste as a partial replacement
for cement and a hydraulic additive

As mentioned earlier, even in the time of Byzantium,
and then in Ancient Russia, crushed brick was actively
used in the preparation of mortars. Modern scientists have
established that finely ground brick can have pozzolan ac-
tivity, this is due to the transition of crystalline clay struc-
tures into amorphous compounds during brick firing in the
temperature range 700-1200 °C. Ceramic brick waste con-
tains quartz and feldspars compounds (SiO», Al,O3, Fe; O3,
MgO), when it combined with calcium hydroxide (lime)
and water during hardening, are capable of forming cal-
cium hydroalluminates and hydrosilicates.

The conditions of the reaction are pH of the solution is
12.5 and the temperature is 25 °C [25, 36-38].

According to [39], the basis of the reactivity of burnt
clay materials is that at a temperature of 600-800 ° C,

the main component of clay - inert kaolinite
(AL,03-2810,-2H,0) is dehydrated and passes into active
kaolinite anhydrite — metakaolinite (Al,O3-2Si0;), amor-
phized as a result of deletion of hydrate water. When such
clays interact with calcium oxide hydrate, calcium hydro-
silicates CSH(B) and selenite hydrate 2CaO-
Al,03:S10,-8H,0 are formed. When firing clays at higher
temperatures 900-1000°C chemical activity decreases due
to the fact that the metacaolinite structure is rearranged,
and at 1000-1200 ° C low-activity mullite and cristobalite
are formed, at temperatures above 1200°C the correspond-
ing glasses are formed, therefore, materials obtained by fir-
ing clays in the temperature range 900-1200°C are charac-
terized by reduced activity relative to burnt clay materials
obtained at 600-800 °C.

The activity of mineral raw materials depends on the
surface energy of the bonds. A lower surface bond energy
indicates a lower energy consumption to break the corre-
sponding chemical bond. In [13], a study was conducted
on the effect of the particle size of finely ground brick
powder on its pozzolan activity and the properties of
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AKTHUBHOCTh MHUHEPAIBHOTO CBHIPbsl 3aBUCHT OT IOBEpX-
HOCTHOM SHepruu cBsi3el. bosee HU3Kas SHEPTHs TOBEPXHOCT-
HOH CBSI3M yKa3bIBaeT Ha MEHbIIEe OTPeOICHIE SHEPIHU IS
pa3pbiBa COOTBETCTBYIOIIEH XUMHU4ecKol cBsi3u. B padore [13]
MIPOBEJICHO MCCIIEI0OBAHME BIMSIHUS pa3Mepa 4acTHI] TOHKOMO-
JIOTOTO MOPOIIKA M3 KUPHHYHOTO 00s Ha €ro MyIIoJIaHOBYIO
AKTHBHOCTb ¥ CBOMCTBA [IEMEHTHOTO TECTa. Y CTAHOBJIEHO, YTO
IIPU YMEHBUIEHUH CPEAHETO NHaMeTpa YacTHL[ KUPIHIHOTO
MTOPOIIKA TPOUCXOANT CHIDKEHHE XUMHUYecKoi cBsi3u Si-O u
Al-O. AKTHBHOCTH TOPOIIKA ITOBBIIIAETCS Onaromapsi TOMy,
YTO B MPOLIECCE MEXAHWYECKOTO MOMOJa MOTYT OOpa3OBBI-
BaThCsl MCKQKEHHS M HECOBEPIICHCTBA KPUCTAINIMYECKOH pe-
HIETKH TETPad3JpOB KpEMHE3eMa U OKTad3JPOB OKCHJIA aJFOMH-
HUsI, 00pa3yroTcs (a3bl ¢ BBICOKOH aKTUBHOCTBIO M HU3KOH O~
BEPXHOCTHOM 3HEPrHEeH.

YcTaHOBIIEHO, YTO C 3aMEHOM YacTH IEMEHTa Ha TOHKOMO-
JIOTBIM KUPIIMYHBINA OOH M YMEHBILICHHEM pa3Mepa ero YacTHIL
ToHMKaetcst copepxanue nopriaanaura (Ca(OH),) B nemeHT-
HOH IacTe, 4TO CBHJETENILCTBYET O MPOSIBICHUN KUPIHYHBIM
MOPOIIKOM ITYIIIOJIAHOBOH aKTHBHOCTH (BCTYIIAET B PEAKIHIO
¢ Ca(OH), u o0pa3yeT THAPOCHIMKATHI Kaibius). Bmecte ¢
TEM JUIS MIPOSIBJICHNUS YIIIOJIAHOBON aKTHBHOCTH KMPINYHON
KpOIIIKOW HEOOXOAMMO OOJIbIIIe BPEMEHH, TI0 CPaBHEHHUIO CO
LUIaKaMM U JIETY4€H 307100, YTO CBA3aHO C TEM, YTO KUPIINY-
HBIH MOPOIIOK MMEET MEIUICHHYIO KHHETHUKY PeakiMh H3-3a
OonpInieid cTeneHn kpuctauzanuu [13].

OnTuManbHbI YPOBEHb 3aMEHBI 1IEMEHTa Ha TOHKOMOJIO-
TYIO KPOILKY KEPaMHYECKOI0 KUPITHYa HaXOJUTCS B TIpeiesiax
10-25%. Ilpu TakoM ypoBHE 3aMEHbI OCHOBHBIE IKCILITyaTaly-
OHHBIE W (DU3UKO-MEXAHUUECKHE XapaKTEpPUCTUKH OeToHa
n00 HE NPEeTepreBal0T 3HAYMTENBHBIX W3MEHEHHH, 1100
yiyumarorcs. [Tpu 3ToM 1mosrydeHHBIE B pe3ysibTaTe Imynnoia-
HOBOW aKTHMBHOCTH W JOTIOJHHUTEIBHOM THIpaTalliy HeTpope-
arupoBaBILINX 3€PEH LIEMEHTA JAOIOIHUTEIILHBIE THAPATHI yBe-
JMYUBAIOT IIOTHOCTh MATPHUIBI U YIydIIAIOT CTPYKTYpY Iie-
MEHTHOTO KaMHsl. OTMEUaeTCsl yMEHbIICHUE KOJIMUECTBA MaK-
pomnop, YTOHBIICHHE CaMOH CTPYKTYyphl HMOp B IIEMEHTHOM
KaMHe, CHI)KCHHE COpPOIIMOHHOI ClIOCOOHOCTH U TPOHHKHOBE-
HUS XJIOPHUI-MOHOB, MOBBIIICHHE CybhaTocTolikocTH. Kpome
TOr0, OTMEYAETCsI YBEINYEHHE IIPOYHOCTH TAKUX KOMIO3UIMIA
Ha MMO3/IHUX CPOKax 10 CPaBHEHHIO C KOHTPOJILHBIMH 00pa3-
namu [25,36,37,40-42].

B paGore [43] Obul0 mpoOBenEHO HCCIENOBAHHUE, HANpaB-
JICHHOE Ha U3Y4Y€HHE CBOWCTB OETOHOB C 3aMEHON YacTH BSIKY-
IIEr0 CMEChI0 TOHKOMOJIOTOTO MTOPOIIIKA U3 TIepepaboTaHHOTO
6eToHa ¥ TOHKOMOJIOTOTO TIOPOIIIKa U3 KUPIIUIHOTO 60s1. Y cTa-
HOBJICHO, YTO YBEJINYEHHE 0JIH I1epepab0oTaHHOIO TOHKOHC-
MIEPCHOTO HAIIOJIHUTEIS HA OCHOBE KMPIHYa U OETOHA YMEHbB-
IIaeT MOJBMKHOCTb CMECH, BINSHHUE HA OABUKHOCTD YCHIIH-
BACTCsl IPH YBEIMUYCHUH JIOJM MOPOINKA HA OCHOBE KUPIIHY-
HOTo 6051, KPOME TOT0, YeM OoJiee BEIpaXKeHa IIOPUCTast CTPYK-
Typa HaIlOJIHUTEIS, TeM OOJIbIIE BEPOSTHOCTh YTO YaCTh BOJIbI
u wiactudukaropa OyneT noriomieHa 3tumMu nopamu. [lopu-
CTOCTB XK€ caMOr0 I0JIy4yaeMoro OeToHa 110 pe3yJibTaTaM aBTo-
POB PacTeT ¢ yBEINNYEHHEM JIOJH MepepadoTaHHOTO HAIIOJIHH-
TeJIs, @ CTPYKTYpa CTAaHOBHUTCS PBHIXJION, YTO CBA3aHO C IOPH-
CTOCTBIO TIOPOIIIKa HA OCHOBE KMPIUYHOTO ¥ OETOHHOTO JIoMa
U TE€M, YTO AKTUBHOCTBH TAKOT'O HAITOJHUTEIS HHXKE, YeM Y Iie-
MeHTa. [loxydeHHBIe 00pa3ubl ¢ KOAPPUITHEHTOM 3aMEIICHIS
nemeHTa 15% 1o MPOYHOCTHBIM XapaKTEPHCTHKaM HE YCTY-
AT KOHTPOJIBHBIM COCTaBaM, OHAKO, IIPH YBEIHMUECHUH JOJIU
3aMeHBl 10 45% MexaHWYecKHe XapaKTePHCTUKUA CHUIBHO

cement paste. It was found that with a decrease in the av-
erage diameter of brick powder particles, the chemical
bond Si-O and Al-O decreases. The activity of the powder
increases due to the fact that distortions and imperfections
of the crystal structure of silica tetrahedra and aluminum
oxide octahedra can form during mechanical grinding,
phases with high activity and low surface energy are
formed.

It was found that with the replacement of a part of ce-
ment with finely ground brick and a decrease in the size of
its particles, the content of portlandite (Ca(OH),) in ce-
ment paste decreases which indicates the manifestation of
the brick powder of pozzolan activity (reacts with Ca(OH)
and forms calcium hydrosilicates). At the same time, more
time is needed for the manifestation of pozzolan activity
by brick chips, compared with slags and fly ash, which is
due to the fact that brick powder has a slow reaction kinet-
ics due to a greater degree of crystallization [13].

The optimal level of replacement of cement with finely
ground powder of ceramic bricks is in the range of 10-
25%. At this level of replacement, the basic operational
and physico-mechanical characteristics of concrete either
do not undergo significant changes or improve. At the
same time, additional hydrates obtained as a result of poz-
zolan activity and additional hydration of unreacted ce-
ment grains increase the density of the matrix and improve
the structure of the cement stone. There is a decrease in the
number of macropores, a thinning of the pore structure it-
self in cement stone, a decrease in sorption capacity and
penetration of chloride ions, and an increase in sulfate re-
sistance. In addition, there is an increase in the strength of
such compositions at a later date compared with control
samples [25,36,37,40-42].

In [43], a study was conducted aimed at studying the
properties of concretes with the replacement of a part of
the binder of mixture of fine-ground powder from recycled
concrete and brick waste. It was found that an increase in
the proportion of recycled fine-dispersed filler based on
brick and concrete reduces the plastizity of the mixture, the
effect on plastizity increases with an increase in the pro-
portion of powder based on brick waste, in addition, the
more pronounced the porous structure of the filler, the
more likely it is that part of the water and plasticizer will
be absorbed by these pores. According to the authors, the
porosity of the resulting concrete increases with an in-
crease in the proportion of recycled filler, and the structure
becomes loose, which is due to the porosity of the powder
based on brick and concrete scrap and the fact that the ac-
tivity of such filler is lower than that of cement. The ob-
tained samples with a cement substitution coefficient of
15% were not inferior in strength characteristics to the con-
trol compositions, however, with an increase in the propor-
tion of replacement to 45%, the mechanical characteristics
decrease greatly, therefore such a filler is suitable for par-
tial replacement of cement only within reasonable limits.

Mixing recycled powder from brick waste with recy-
cled powder from scrap concrete can contribute to the ac-
tivation of the pozzolanic reaction in concretes based on
them. In addition, it is possible to improve the mechanical
characteristics of concrete based on recycled powder by
adding 10% calcium hydroxide to the composition, which
will ensure the completeness of the reaction and compen-
sate for the decrease in the content of hydration products
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YXyAamaroTces, mo3ToMy TaKOM HAIOJIHUTEIb MPUroJACH IJ1d 4a-
CTHYHOM 3aMEHBI IIEMEHTA TOJIBKO B Pa3yMHBIX Ipezesax.
CwMeneHne nepepadoTaHHOTO TOPOIIKa U3 OTXOI0B KHUP-
nuya ¢ nepepaboTaHHBIM HOPOIIKOM M3 OTXOJIOB OSTOHHOTO
JoMa MOXET CII0COOCTBOBATh AKTHUBH3ALMH ITYIIOJaHOBOU
peakuu B 6eTOoHax Ha X ocHOBe. Kpome TOro, MOXHO IOBBI-
CHTh MEXaHHUYECKUE XapaKTEPUCTUKU OETOHA HA OCHOBE Iepe-
paboranHOTO TOpoIIKa A00aBKkoi B coctaB 10% ruapokcua
KaJIbIUsI, KOTOPBI 00ECIEUHT MOTHOTY MPOTEKAHUS PEaKkIuu
Y KOMIIEHCUPYET CHIIKEHUE COJICPIKaHMUsI TPOIYKTOB rHIpaTa-
nun [10]. Taxxe, MOBBICUTh MPOYHOCTHBIC XAPAKTEPUCTUKH
TaKOTr0 POAA M3JENUI MOXKHO C TIOMOIIBIO MOBBILICHUS TEMITe-
patypbl OTBEpXIEHHS M MOAM(PHKALUK TOHKOMOJIOTOH J10-
0aBKH KUAKUM CTEKJIOM U pacTBOpaMu Imenouei [36,44].

Jpyrue cnoco0bl pelUKIUHTA 0TX010B CTPOUTEILHOIM
KepaMUKH

[TomMuMoO MCTIONB30BaHMSI B Ka4eCTBE 3allOJHHUTENS W aK-
THUBHOM 700aBKH B TPAIMIIMOHHBIX OETOHAX OTXOABI KEpaMH-
YECKOT0 KHPIHAYa BO3MOXKHO 3(PQGEKTHBHO IPUMEHSATH IPU
MIPOU3BOJICTBE PA3HOTO POJIa KOMIO3HIIMOHHBIX MIJIAKOIIETI0Y-
HBIX BSDKYTIUX.

B pab6ore [7] mpencTaBieHO HCCIeIOBAaHNE aKTHBUPOBAH-
HBIX IIENT0YbI0 THOPHIHBIX IIEMEHTOB HAa OCHOBE OTXOJOB
KpPaCHOT'O TJIMHAHOI'O KUpII4a. breuta IoJIyducHa MakCuMalb-
Has MPOYHOCTh Ha ckaThe oOpaznoB 54,38 MIla depes 28
JIHEH TBEpAECHMsI TP KOMHATHOM TeEMIIEpaType MPU UCII0NIb30-
BaHWU TOJIBKO OTXOAOB KHpPIIKWYa B NPUCYTCTBUU IICIOYHOT'O
aktuBaropa NaOH u NaySiO3;xH>0. CoBmecTHOE HpHUCYT-
crBue 20% nopTiIaHALIEMEHTa U CHIMKaTa HaTpHs B IIENOY-
HOM aKTHBATOPE MO3BOJIMIIO MOJIYYUTH 00PasIibl IPOYHOCTHIO
Ha cxarue 102,6 MIla yepe3s 28 quell TBepAeHUS IPU KOMHAT-
HOW TeMIreparype.

PaGota [16] mocBsena pa3paboTke COCTAaBOB KOMITO3UIIH-
OHHBIX NIJIAKOUIEIOYHBIX BKYIIMX C M00aBKAMH MOJIOTOTO
0051 KepaMHUIECKOTO KHPIIHYa, PACTBOPOB M OETOHOB Ha UX OC-
HOBE M HCCICAOBAHUIO UX CBOMCTB. YCTaHOBJICHO, YTO JIO-
06aBKka MOJIOTOTO 0O0sI KEPaMHUIECKOT0 KUPIHUYA TIPU COJepiKa-
HuH 10 30% Mo3BOJISIET YBEMUYUTH IPOYHOCTH NIIAKOLIEI0Y-
HBIX BsOKyuX 110 30-32%, a ipu copepxannu 60% mo3BosseT
MOJIy4YaTh PaBHOMPOUYHBIC C 0€3700aBOYHBIMU COCTaBbl. BBe-
nenne 30% no0aBKU MOJIOTOro 00sI KEPaMUYECKOTO KHpIHYa
CIOCOOCTBYET MOBBIIICHHUIO CTENICHU THIpaTanuy 1 00pazoBa-
HUIO OoJiee IUIOTHOHM, OJHOPOIHON TOHKO3EPHHCTOH CTpYyK-
Typel. OTMeUaeTcs, YT0 OCTOHBI Ha MUTAKOIICIOYHEIX BSXKY-
X C 100aBKOW MOJOTOTO KEPaMHYECKOTO KHUPITHYa UMEIOT
MTOHIKCHHBIA YPOBCHD BBICOJIO00Pa30BaHUS IO CPABHEHHUIO C
TaKAMU ke 0e3700aBoUHEIMU OeToHamu. B pesynbrare maH-
HOTO WCCIIEeZOBaHMUSA OBUTH pa3pabOTaHBI COCTABHI PSAHOBHIX,
BBICOKOTIPOYHBIX U 0CO00 OBICTPOTBEPACIOIINX MITAKOIIEIOY-
HBIX OETOHOB C T0OABKOW MOJIOTOTO 00s1 KEPAMHUIECKOTO KUP-
MUY KJIAcCOB 1o mpouHoctd oT B20 no B80, mo Boxonempo-
Hunaemoctd W10-W25, mo mopo3zoctoiikoctu ot F300 mo
F800. Bmecre ¢ Tem, pacyeTHass CTOMMOCTb TaKOTO KOMIIO3H-
IMOHHOTO IIUTAKOLIEIOYHOTO BSHKYILETo MO JaHHBIM aBTOPOB
HUXe cTouMocTu noptriaanauemenTa ot 30% a0 300% B 3aBu-
CHMOCTH OT MapKH BSDKYILETO U BHJa 3aTBOPUTEILS.

OTXOHBI CTPOUTEIBHON KEepaMHKH MOXKHO MOBTOPHO HC-
MOJTb30BaTh B KAa4eCTBE KOMIIOHEHTA CHIPHEBOW IIMXTHI IS
MIPOU3BOJICTBA HOBOTO KHpNIHYa. AHAIN3 NAaHHBIX, MPEICTaB-
JICHHBIX B pabote [45] mo3BoMseT caenaTh BEIBO, YTO YBEIH-
YeHHE O KUPIUIHOTO ITOPOIIKA B CHIPEEBOW MIMXTE ITOBBI-
[IaeT BOJOIOTJIONICHNE M B TO XK€ BPEMS IPOCIIE)KUBACTCS
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[10]. Also, it is possible to increase the strength character-
istics of such products by increasing the curing tempera-
ture and modifying the finely ground additive with water-
glass and alkali solutions [36,44].

Other ways of recycling construction ceramics
waste

In addition to being used as an aggregate and an active
additive in traditional concretes, ceramic brick waste can
be effectively used in the production of various kinds of
composite slag-alkali binders.

Work [7] presents a study of alkali-activated hybrid ce-
ments based on red clay brick waste. The maximum com-
pressive strength of the samples was 54.38 MPa after 28
days of hardening at room temperature using only brick
waste in the presence of an alkaline activator NaOH and
Na,Si03xH,0. The combined presence of 20% Portland
cement and sodium silicate in the alkaline activator made
it possible to obtain samples with a compressive strength
of 102.6 MPa after 28 days of hardening at room tempera-
ture.

The work [16] is devoted to the development of com-
positions of composite slag-alkali binders with additives of
ground ceramic bricks, mortars and concretes based on
them and the study of their properties. It was found that the
addition of ground ceramic brick at a content of up to 30%
allows to increase the strength of slag-alkali binders to 30-
32%, and at a content of 60% allows to obtain equally
strong with additive-free compositions. The introduction
of a 30% additive of ground ceramic brick helps to increase
the degree of hydration and the formation of a denser, ho-
mogeneous fine-grained structure. It is noted that con-
cretes based on slag-alkali binders with the addition of
ground ceramic bricks have a reduced level of salinity for-
mation compared with the same additive-free concretes.
As a result of this study, compositions of ordinary, high-
strength and especially fast-hardening slag-alkali con-
cretes with the addition of ground ceramic brick of strength
classes from B20 to B80, water resistance classes W10-
W25, frost resistance classes from F300 to F800 were de-
veloped. At the same time, the estimated cost of such a
composite slag-alkali binder, according to the authors, is
lower than the cost of Portland cement from 30% to 300%,
depending on the grade of binder and type of solvent.

The waste of building ceramics can be reused as a com-
ponent of the raw material charge for the production of
new bricks. An analysis of the data presented in [45] al-
lows us to conclude that an increase in the proportion of
brick powder in the raw material mixture increases water
absorption and at the same time a decrease in apparent den-
sity, total shrinkage, coefficient of thermal conductivity
and compressive strength of samples is observed. Thus, the
authors [45] recommend the optimal content of ceramic
brick combat in the raw material charge of 10-30%, since
at values greater than 30% the compressive strength de-
creases below the set of standart values, and at values less
than 10% there is no significant decrease in the thermal
conductivity coefficient. Products made of low-melting
clay with the addition of ceramic brick powder have suffi-
cient color saturation and purity of tone. Using this tech-
nology, with a limitation of brick waste of 10-30%, it is
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JIMHaMHKa CHY)KEHHUS CPeIHEH TUIOTHOCTH, O0ILeH ycalku, Ko-
s duIIeHTa TEIIONPOBOIHOCTH U IPOYHOCTH 00pa3IoB IpU
cxatun. TakuM oOpa3oM aBTOpbI [45] peKOMEHAYIOT OITH-
MaJIbHOE coJiepKaHKe 0051 KepaMHYeCKOro KHPIN4Ya B ChIpbe-
Boii mmxre 10-30%, Tak kak npu 3HayeHusx 6osiee 30% cHu-
JKaeTcsl IPOYHOCTh TIPH CKATHUH HIKE HOPMHUPYEMOTO, a IpH
3HaueHMAX MeHbInXx 10% He HabmomaeTcst CyIEeCTBEHHOTO
CHIDKCHHUSI KO3 UIHEHTa TEIUIONPOBOAHOCTH. M3nenus u3
JIETKOIUIABKOM TJIMHBI C JOOABKOW MOpOIIKa 00 KepaMude-
CKOTO KHpPIHYa MMEIOT JOCTAaTOYHYIO I[BETOBYIO HACBIIICH-
HOCTb 1 YMCTOTY ToHa. ITo Takoil TeXHOIOTHY C OTpaHUYECHUEM
coJiepXaHusl Mmopoika Kupnuaaoro 6os 10-30% BO3MOXKHO
MOJTy4aTh KepaMUUeCKUI KUPIIUY MapoK 1o mpoyHocTH M125,
M150.

Taxke 00OH CTpPOHUTENHHOW KEPaMHMKH, KaK W JIpyrue OT-
XOJIbl CTPOUTENBCTBA U CHOCA 3AaHUI BO3MOXKHO IPUMEHATH B
JIOPOXKHOM CTPOUTENIbCTBE B KAUECTBE OTCHINKH M OCHOBAaHUI
JUISL TOPOXKHBIX OJICKI.

ABTtopamu paboTHI [46] yCTaHOBJICHO, UTO TIPH YCTPOHCTBE
OCHOBaHMH TOPOXKHBIX OJICK BO3MOXKHO IIPIMEHEHHUE YKPETI-
JICHHBIX [IEMEHTOM MHHEpAIbHBIX MAaTCpPHAIOB C 3aMEHOH 10
50% Ha 0TX0BI, 00pa3yIOLINECS OT CHOCA 3[aHUH U COOpYXKe-
Hui. IIpu 5TOM MpuMeHeHne B Takux padoTax Moaudukaropa
MADOR mno3BomnsieT 1oOUTbCs GU3NKO-MEXaHUIECKUX Xapak-
TEPUCTUK COIOCTABHMBIX C XapaKTEpUCTUKaMHU 00paboTaH-
HBIX IEMEHTOM IIeOCHOYHO-TIeCUaHbIX cMeceil. [IpouHocTh
MIPU C)KAaTHH 00pa3iioB 00pabOTaHHBIX [IEMEHTOM Ie0EHOUHO-
[IECYAHBIX CMECEU U TAKUX K€ CMECEU C IPUMEHEHUEM MOJU-
¢ukaropa u 50% 3ameHOH Ha OTXOJbBI, OOpa3ylOUIMECs OT
CHOCa 3JIaHUH M COOpPY’KeHHWH, oTIaM4aeTcs He Oojiee 4eM Ha
1%.

B pabore [47] aBTOpBI IPUXOAT K BEIBO/LY, YTO TAKOE BTO-
pPHUYHOE ChIphE Kak 00 Kupnuda, 10M OeTOHa, BTOPHYHBIN IIie-
OeHp, actanbToBas Kpomka oOmamaer Ooiee HU3KUMH (Hu-
3UKO-MEXaHWYECKUMH TIOKA3aTEeNsIMHA 10 CPAaBHEHUIO C Tpa-
HUTHBIM IIe0OHEM U €T0 He I1esIeco00pa3Ho peKOMEH0BATh Ha
JIoporax ¢ OBBILLIEHHON Harpy3Koi, 0IHaKO €ro paluoHaIbHO
HCTIOJIB30BaTh MIPU CTPOUTEIBCTBE AOPOT Oojiee HU3KUX Kare-
rOpuid, BHYTPHU3aBOJCKUX MU TPAHCIOPTHO-TEXHOJIOTHYECKUX
IIyTeH NpeAIpUATUid. boabIIMM IPEeUMyIECTBOM BTOPUUHOTO
mieOHS B 3TOM Cllyyae SIBJISIETCS TO, YTO OH oOiamaer Ooiee
HU3KOH cebecTtommocThio. [Ipn 3TOM, Kak OTMEYaloT aBTOPHI
BO BTOPUYHOM LIe0OHE, KaK ¥ B IPUPOTHOM KOJIMYECTBO BpEll-
HBIX IpUMecel He TIPEBBIIIAcT HOPMHUPYEMbIX 3HAYCHUH.

3akJ/rouenue

Pe3ynpTaThl MPOBEICHHOTO aHAIN3a COBPEMEHHBIX HCCIIE-
JIOBaHWUH ITOCBSIIEHHBIX IIEpepabOTKE OTXOI0B CTPOUTEIHLHOMN
KEepPaMHUKH MOXHO 0000IINUTE CIIeyIOIUMI OCHOBHBIMH BBIBO-
JIaMHU:

1. IlonuMuHepanbHas CTPYKTypa KEpaMHUECKOTo KaMHS
qale BCero MpeACTaBiIeHa Pa3IUYHbIMU MOJIEBBIMHU IIMATaAMU
(anopTuT — CaO-Al,03-2S10;, ansbur — Na20-AlLO3 -6Si0,),
B-xBapuem, popcrepurom - 2MgO-Si0,, MarueznopeppuTom —
MgO-Fe;O3, remarutoMm — Fe;O3, MeTakaonMuHUTOM —
Al203:2Si0;, mymmrtoM — 3A1,03-2S10; u cTexoda3oi.

2. TexHONOrus MOArOTOBKH OTXO/0B CTPOUTEIBHOM Kepa-
MHKH COCTOUT M3 HECKOJBKHX 3TAloB: OTACICHUE OT APYTHX
OTXO/I0B, N3MeEINIbUEHNE, COPTHPOBKa. KpymHble gacTuis! 60-
jee 5 MM HCHOJB3YIOTCS B Ka4eCTBE KPYIHOTO 3alOJHUTENS.
Yactunsl pazmepom 0,14-5 MM MOTYT OBITh MCTIOIH30BAHBI B

possible to obtain ceramic bricks of strength grades M 125,
M150.

Also, the waste of building ceramics, as well as other
waste from construction and demolition of buildings, can
be used in road construction as a filling and bases for road
surfaces.

The authors of the work [46] found that when laying
the foundations of roadways, it is possible to use cement-
reinforced mineral materials with up to 50% replacement
aggregate by waste generated from the demolition of build-
ings and structures. The use of the MADOR modifier in
such works makes it possible to achieve physical and me-
chanical characteristics comparable to those of crushed
stone-sand mixtures treated with cement. The compressive
strength of samples of cement-treated crushed stone-sand
mixtures and the same mixtures with the use of a modifier
and 50% replacement of aggregate by waste generated
from the demolition of buildings and structures differs by
no more than 1%.

In [47], the authors conclude that such secondary raw
materials as brick waste, concrete scrap, secondary stone,
asphalt wreckage have lower physical and mechanical
properties compared to granite stone and it is not advisable
to recommend it on roads with increased load, but it is ra-
tional to use it in the construction of lower roads catego-
ries, intra-factory and transport-technological routes of en-
terprises. The big advantage of secondary crushed stone in
this case is that it has a lower cost. At the same time, as the
authors note, in secondary crushed stone, as in natural, the
amount of harmful impurities does not exceed the normal-
ized values.

Conclusions

The results of the analysis of modern research on the
recycling of construction ceramics waste can be summa-
rized by the following main conclusions:

1. The polymineral structure of ceramic stone is most
often represented by various feldspar (anorthite —
Ca0-Al,03-2810,, albite — Na,O-AlLO;3 -6S10,), B-quartz,
forsterite - 2MgO-SiO,, magnesioferrite — MgO-Fe»O3,
hematite — Fe;Os, metakaolinite — Al,03-2S10,, mullite —
3A1,03-2510; and glass phase.

2. The technology of waste preparation of building ce-
ramics consists of several stages: separation from other
waste, crushing, sorting. Large particles larger than 5 mm
are used as a coarse aggregate. Particles of 0.14-5 mm in
size can be used as a fine aggregate or can be combined
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Ka4yecTBE MEJIKOTO 3aIllOJIHUTEIIS WJIK MOTYT OBITh COBMECTHO C
toHkumu vactuiiamu (0-0,14 MM) M3MeNnb4YeHBl B TOHKOJMC-
MEePCHBIN MOPOIIOK.

3. Jlnst npoGuieHus ¥ M3MENbUCHHNS CTPOUTENILHBIX OTXO00B
M, B YAaCTHOCTH, OTXOJOB CTPOMTEIILHON KEpaMHKH pPaIyo-
HaJIbHO TPUMEHSTH IEKOBBIE, KOHYCHBIE, BAJIOBHIC, yIapHbIC
JPOOMIIKH, a TaKXKe BpAILAIONIKEcs MIapoBble, BHOPAIIMOHHBIE
Y [IEHTPOOEKHBIE METbHUIIBI.

4.IIpn moMone KIMHKEpa WK IUIAKOMIETOYHBIX BSDKYIINX
¢ 106aBKoif 0051 KEPAMUIECKOTO KHPIIHYa YMEHBIIIAETCS BPEMS
MIOMOJIa, YTO CBA3aHO C HU3KUMU aOpa3sMBHBIMH CBOICTBaMHU
6051 KepaMHKH U CLIOCOOCTBYET CHIKCHHIO TIOTPEOICHHS SHEP-
THH.

5. 3amoJHUTENbh HAa OCHOBE OTXOJ0B KEPaMHUECKOro KHp-
MUYHOTO 0051 00JIaIaeT TAKOM YK€ MOPUCTOCTHIO M IPOYHOCTHIO
YTO ¥ MCXO/HBINA MaTepuall — KHPIUY, HOMHMO 3TOTr0 001anaeT
BBICOKOI1 BOJIONIOTPEOHOCTHIO, 00JIee HU3KOI INIOTHOCTBIO YeM
HaTypaJIbHbIE 3aII0JIHUTEINH, YTIOBATONW M HETIPaBHUIIbHOM (op-
MOi1.

6. Ilpu 3aMeHe HaTypaJbHBIX 3AIOJIHUTENICH Ha 3arlOHH-
TEJIN Ha OCHOBE OTXOOB CTPOUTENBHON KEPAMHUKU B CPEAHEM
pPEKOMEHAyeTCsl He mpeBblmaTh moito 3aMeHsl 20-30%. Ilpu
3TOM IIEJIeCO00Pa3HO UCTIOIH30BaTh Pa3IMIHbIE TOOABKH: TIJa-
CTHOUIMPYIOIIUE U YIyUIIAIOIIUe PEOTEeXHONIOTHuecKue, Hu-
3UKO-MEXaHUYECKUE CBOMCTBA OETOHA.

7. TOHKOMOJIOTBIE OTXO/bl KEPAMHUYECKOTO KUpITHya 00J1a-
JIAfOT MYyNIIO0JIaHOBOM aKTUBHOCTBIO M TP 3aTBOPEHHH C TH/I-
POKCHJIOM KalbLMsi MOTYT OOpa3oBBIBaTh T'MAPOCHIMKATHI U
THPOATIOMUHATHI KaJIbLIUSI.

8. [Ipn ncnonb30BaHUM TOHKOMOJIOTOTO KUPIMYHOTO 005 B
Ka4yecTBE YaCTUYHOW 3aMEHBI IIEMEHTA B CPEJHEM PEKOMEH Y-
€TCsI He IIPEeBhIIIaTh JoMr0 3aMeHbl 10-25%. IIpu aToM 3a cuer
MYIIIOJIAHOBON PEAKIMK YIydIIaeTcsl CTPYKTypa EMEHTHOTO
KaMHs, YBEJIMYNBACTCS IPOYHOCTD, YMEHBIIAETCS KOJIMIECTBO
MAaKpOIIOp, CHIKAETCsI TPOHUKHOBEHHE XJIOPHUA-HOHOB, TIOBBI-
raeTcst Cyab(haTOCTORKOCTb.

9. I1OBBICUTH PEAKIIMOHHYO CIOCOOHOCTH OPOIIKA U3 KUP-
MTUYHOTO 00s1 MOXKHO ITyTEM YBEJIHYCHUS YICIbHON TOBEPXHO-
CTH, CMEIICHUS C TIOPOLIKOM MOJIOTOTO jioMa OeToHa, 100aB-
KO TallleHoN U3BECTU, U3MEHEHHEM TEMIIepaTypbl OTBEPXKIe-
HUsI, 00pabOTKOM KU/IKUM CTEKJIOM M PaCTBOPaMH ILEJIOYEH.

10. ITomrMO HMCHONB30BaHUSI OTXO/IOB KEPAaMHMKU B Kaue-

CTBE CBIPbS JUIS TPAAMUIHOHHBIX OETOHOB M PacTBOPOB HX
TaK)ke MOXXHO TPHMEHSTh B MPOM3BOJICTBE aKTHBHPOBAHHBIX
IIETOYBI0 [IEMEHTOB ¥ IILTAKOMIETIOYHBIX BSDKYIIHX, a TAKXKe
KaK ChIpbE /I TIPOM3BOJICTBA HOBOTO KHPITMYA U YCTpOICTBa
OCHOBaHMH TOPOXKHBIX OJICHK.
11. OTX0IBI CTPOUTENBEHOW KEPAMHKH IIEeJIECO00pa3HO TIPHMe-
HSTh KaK BTOPHYHOE CBIPHE ISl IIPOU3BOJICTBA CTPOUTENBHBIX
marepuanos. [Ipn 3ToM BO3MOKHO HE TOJNBKO MONyYEHHUE Ma-
TEPUAJIOB PABHBIX 110 KAYECTBY U3/ENIHSIM Ha HATYPaJIbHOM ChI-
pbe, HO U C TOBBIILICHHBIMH XapaKTEPUCTUKAMHU. PerMKIMHT
OTXOJIOB CTPOUTENHCTBA 1 CTPOUTENBHON KEPaMHUKH, B UaCTHO-
CTH, CHOCOOCTBYET CHMXCHUIO OTPHUIATENHHOTO BIMSHUS Ha
OKpY>KaIOUIYI0 CPeAy, YMEHBIIEHUIO PAaCcXOA0B Ha NMPOU3BOA-
CTBO CTPOMTEJBHBIX MAaTEpHaJOB U CHIKCHHUIO HOTpeOIeHHs
HaTypaJIbHOTO KOHJUIIMOHHOTO CHIPBSI.

Jluteparypa:

1. Panmmonopt I1.A. Ctpoutensroe npou3ssoctso Jpesueii Pycu (X-
X1 B.) [DnexTpoHHBIi pecypc]. URL:
https://tehlib.com/arhitektura/stroitel-ny-e-materialy-izvest-i-ras/
(Hata obpamienus 20.01.2024).
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with fine particles (0-0.14 mm) crushed into a fine pow-
der.

3. It is rational to use jaw, cone, roller, impactor crush-
ers, as well as rotating ball, vibrating and centrifugal mills
for crushing and grinding construction waste and in par-
ticular waste of construction ceramics.

4. When grinding clinker or slag-alkali binders with
the addition of ceramic brick waste, the grinding time is
reduced, which is due to the low abrasive properties of ce-
ramic waste and helps to reduce energy consumption.

5. The aggregate based on the waste of ceramic brick
waste has the same porosity and strength as the original
material — brick. In addition, it has a high water demand,
lower density than natural aggregate, angular and irregular
shape.

6. When replacing natural fillers with fillers based on
construction ceramic waste, on average, it is recom-
mended not to exceed the replacement rate of 20-30%. At
the same time, it is advisable to use various additives: plas-
ticizing and improving the technological, physical and me-
chanical properties of concrete.

7. Finely ground ceramic brick waste has pozzolan ac-
tivity and, when combined with calcium hydroxide, can
form calcium hydrosilicates and hydroaluminates.

8. When using finely ground brick as a partial replace-
ment of cement, it is recommended on average not to ex-
ceed the replacement rate of 10-25%. At the same time,
due to the pozzolan reaction, the structure of the cement
stone improves, the strength increases, the number of
macropores decreases, the penetration of chloride ions de-
creases, and the sulfate resistance increases.

9. It is possible to increase the reactivity of the powder
from the brick waste by increasing the specific surface
area, mixing it with ground scrap concrete, adding slaked
lime, changing the curing temperature, treating mixture
with water-glass and alkali solutions.

10. In addition to using ceramic waste as raw materials
for traditional concretes and mortars, they can also be used
in the production of alkali-activated cement and slag-al-
kali binders, as well as raw materials for the production of
new bricks and the construction of base of road surafeces.

11. It is advisable to use construction ceramic waste as
a secondary raw material for the production of building
materials. At the same time, it is possible not only to ob-
tain materials of equal quality to products based on natural
raw materials, but also with improved characteristics. Re-
cycling of construction waste and building ceramics
waste, in particular, helps to reduce the negative impact on
the environment, reduce the cost of producing building
materials and reduce the consumption of natural condi-
tional raw materials.
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