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Beeoenue. B nacmosiwyee apems wupoKo ucnonb3yioncs mexHo2eHHble nPOOYKMbl 8 NPOU3800CMEEe CHMPOUMETbHbIX Mame-
puanos. Ocodyro akmyanbHocms npuodpemaem npodiemMa Ymuiu3ayuu WiaKos YepHol Memauiypeuu, 06vbembl KOMOpPbIX 603-
pacmaiom 8 céa3u ¢ unmencuguxayueti npouszsoocmea. Cospemennvie NPoyeccvl 6HeNeUHOU 0OPAbOMKU CIMAIU 8 azpe2amax
«NEeYb-KOBUL» NPUBOOSIM K 00pA306aHUI0 CIANENAABUIbHBIX Kosuwiesblx uiiakos (CKII), omauuarowuxcs no xumuieckomy u
MUHEPATIO2UYECKOMY COCINABY OM WIAK08, KOMOpble MPAOUYUOHHO UCNOAb3YIOMCS 8 NPOU3B00CHEE KOMNLEKCHBIX GANCYUJUX.
Tosviuennoe codepacanue 8b1COKOOCHOBHBIX ANIOMUHAMOS KATbYUsS OMKPbIBAen NePCheKmusbl UX UCHOIb308AHUS 8 KaYecmee
@DYHKYUOHATLHO2O KOMNOHEHMA 8 KOMNOSUYUOHHBIX 8ANCYUUX CUCTEMAX, 8 YACHHOCIMU, KAK NOMEHYUAIbHOU AIbIepHAmuesl
dopozocmosiuemy enunozemucmomy yemenmy (I'L]). Llenvro uccre0o8anus a61a1csa CpasHUmMenbHblll AHAIU3 IUAHUSL COCMABA
KOMRO3UYUOHHO20 8:xcywe2o (Ha ocnoge I'L] u CKIL) u komniexca oyHKYyUOHATbHBIX 006A80K HA NPpOYecc CIMpyKmypooopa-
308aHUs: NOPUCTNOCTND U KO3 huyuenm kanuniaproeo gooonoznoujenus (KKBII) yemenmnozo kamms.

Mamepuanovt u memoowt. B pabome ucnonvzosanucw: nopmianoyemenm L{EM I 42,5H npouzsoocmea OO0 «Cepebpsn-
ckutl yemenmuwlii 3a600» (I11]); enunozemucmoiti yemenm I'L]-50 npouzeoocmea AO «llodonvck-Llemenmy (Oanee I'l]-50);
cmanenaasunvhvili kKosuiesou wnax (CKIL) npouzsoocmea AO «BvikcyHcKull Memaiiypeudeckutl 3a600», sunc mapku I-5
npouszsodcmea OO0 «Kazanckuii 2uncosulil 3a600», YHKYUOHATbHbIE 000A6KU: UNEPNIACIUDUKAMOP HA OCHOBE NOJIUKAD-
ookcunamos (I'Tl), peducnepcuonHblil NOAUMEPHBIT ROPOUOK HA BUHULAYEMAMHOU 0CHO8e; d¢ghup yernonossi (A1]). CKILII 6vin
npeosapumenbHo U3MeIbyéH 6 uapoeoll 1ab0pamopHol MeavHuye 00 yoervHou nosepxHocmu no beiiny 500 m*/ke. Onpede-
Jlenue KanuiiapHo20 8000N02N0UeHUsL OCYWEeCMBIAN0Cy 8 coomeemcmeauu ¢ mpebosanuimu u memoouxou I'OCT P 58277—
2018 «Cmecu cyxue cmpoumenvHule Ha yeMeHmHoMm gacyuem. Memoowl ucnvimanutiy. Onpedenenue nopucmocmu pacmeop-
HBIX 00pPA3408 NPOBOOUNOCH MEMOOOM 2UOPOCIAMUYECKO20 836eULUBAHUS.

Pe3ynomamut uccnedosanus. Hcciedo8ana 803mMoMCHOCHb 3AMeHbl 2IUHOZEMUCTO20 YeMEHMA MeXHO2EHHbIM NPOOYKIOM
— cmaneniasuibHuiM Kosuiegbim wiiakom (Oaree CKIL) — 6 cocmage KOMNO3ZUYUOHHBIX BAHCYUUX OJisL CAMOHUBETUPYIOUSUXCS
0e3YCA00UHBIX CYXUX CMPOUMENbHBIX CMecell Ce2MeHma HATUBHLIX NOL08. YCMAHO8IeHO0, YMo ONMUMAIbHbIL COCMAB CYXotl
cmpoumenvrou cmecu Ha ochoge CKIII ¢ komniekcom OYHKYUOHATbHBIX 000AB0K 0Jisl HATUBHBIX N008, codepaxcawutl: 0,3
mac.% eunepnaacmuguxamopa, 1,0 mac.% peducnepcuonnozo nosumeprnozo nopowxa, 0,05 mac.% s¢pupa yennionoswvi, de-
MOHCIMpUPYem MUHUMATbHOE U CmabuibHoe 60 épement Kanuansapnoe ooonozioujenue (0,01 ke/(m?-c”’)), conocmasumoe ¢
KOHMPOAbHbIM COCMABOM HaA 2nuHozemucmom yemenme. Cunepeemuueckoe oelicmsue QYHKYUoHanibovlx 006a8ok obecneyu-
6aem ynjiomHerue cmpykmypul. 0bujas nopucmocmo cHudicaemcsi ¢ 12,5% 0o 8,4%, omkpvimas — ¢ 9,8% 0o 3,8%.

3aknouenue. Pe3ynomamor noomeepoicoaiom nepcnexkmugnocms ucnonvzosanus CKII 6 kauecmse s¢pgpexmugnozo anio-
MUHAMHO20 KOMNOHEHMA 01 CO30AHUSL 2UOPOUZOTAYUOHHBIX CISINCEK, KPUMUYECKU BANCHBIX OJisl 00208€4HOCIU NOAUMED-
HbIX NOKPBIMULL NOJIO8.
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ABSTRACT

Introduction. Currently, industrial waste is widely used in the production of building materials. The problem of
recycling ferrous metallurgy slag is becoming particularly relevant, as its volumes are increasing due to intensified
production. Modern processes of out-of-furnace steel treatment in «furnace-ladley» units lead to the formation of
steel ladle slags (SLS), which differ in chemical and mineralogical composition from the slags traditionally used in
the production of complex binders. The increased content of highly basic calcium aluminates opens prospects for
their use as a functional component in composite binder systems, as a potential alternative to expensive aluminous
cement (AC). The purpose of the study was a comparative analysis of the influence of the composition of the com-
posite binder (AC and SLS) and a complex of functional additives on the process of structure formation: porosity
and capillary water absorption coefficient (CWA) of cement stone.

Materials and methods. The following materials were used in the work: Portland cement CEM 1 42.5N produced
by Serebryansky Cement Plant LLC (PC); aluminous cement GC-50 produced by Podolsk-Cement JSC (GC-50);
steelmaking ladle slag (SLS) produced by JSC Vyksunsky Metallurgical Plant; gypsum grade G-5 produced by LLC
Kazan Gypsum Plant (G-5); functional additives: polycarboxylate-based hyperplasticizer produced by EuroChem-
1 FD JSC (HP), vinyl acetate-based redispersible polymer powder (RPP), cellulose ether (CE). The SLS was pre-
ground in a ball mill to a specific surface area of 500 m*kg according to Blaine. Capillary water absorption was
determined in accordance with the requirements and methodology of GOST R 58277-2018 «Dry building mixes
based cement binders. Test methodsy». The porosity of the mortar samples was determined by hydrostatic weighing.

Researches results. The possibility of replacing aluminous cement with industrial by-product — steel ladle slag
(hereinafter referred to as SLS) — as part of composite binders for self-levelling, non-shrinking dry building mixes
for self-levelling floors has been investigated. It has been established that the optimal composition of dry building
mixes based on SLS with a complex of functional additives for self-levelling floors, containing: 0.3 wt.% of hyper-
plasticiser, 1.0 wt.% of redispersible polymer powder, and 0.05 wt.% of cellulose ether, demonstrates minimal and
stable capillary water absorption over time (0.01 kg/(m*s°’)), comparable to the control mixture based on alumi-
nous cement. The synergistic effect of functional additives ensures structural compaction: total porosity is reduced
from 12.5% to 8.4% and opened porosity from 9.8% to 3.8%.

Conclusions. The results confirm the promise of using SLS as an effective aluminate component for creating
waterproofing screeds, which are critical for the durability of polymer floor coverings.

KEY WORDS: steelmaking ladle slag, aluminous cement, composite binders, capillary water absorption, po-
rosity, dry building mixes, self-levelling floors, functional additives
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BBEJEHUE

CoBpeMeHHas CTPOUTEIbHAS OTPACIb XapaKTepH3yeTCs Mo-
BBIIICHHBIM BHUMAaHUEM K PecypcocOepekeHUI0 U yTUITH3ANN
MPOMBIIIJICHHBIX OTXO0JI0B B paMKax MPHUHIUIIOB yCTOMYUBOIO
pasButus [1]. MUpOBOIl U OTEUECTBEHHBIN OMBIT IEMOHCTPH-
pYeT yCHelIHble IPUMEpPhI UCIOIb30BaHUS TEXHOTEHHBIX MPO-
JIYKTOB (30JIbI-yHOCA, JOMEHHBIX IIJIAKOB, 30JI0IIUIAKOBBIX CMe-
ceil) B IPOM3BOJICTBE CTPOUTENILHBIX MarepuaioB [2-4]. Oco-
Oy10 aKTyaJbHOCTB MpHOOpETaeT MpodieMa yTHIN3alny 1Iuia-
KOB YEepHOH METaJUTyprud, 0OBEMBI KOTOPBIX BO3PACTalOT B
CBSI3U ¢ HHTeHCH(DUKaIUe mponsBoacTBa. CoBpeMEHHEIE TIPO-
I[eCChl BHETIEYHOH 00pabOTKY CTaIH B arperaTax «Iedb-KOBIID)
MPHUBOAAT K 00pa30BaHUIO CTAJIETIABHIBHBIX KOBIIEBBIX IIIJIa-
koB (CKILI), oTnmugaronuxcs o XUMHYeCKOMY X MHHEPAJIOTH-
YEeCKOMY COCTaBy OT IIUIAKOB, KOTOPBIE TPAIUIIMOHHO UCIIOJb-
3YIOTCSl B TIPOU3BOJICTBE KOMIUIEKCHBIX BsDKyIuX. IloBbImIeH-
HOE COJlep’KaHHe BHICOKOOCHOBHBIX QJIFOMUHATOB KaJbIHUS OT-
KpBIBAET MEPCHEKTUBBI UX UCIIOJIb30BAaHMS B KauecTBEe (PyHK-
I[UOHAIBHOI0 KOMIIOHEHTa B KOMIIO3ULIMOHHBIX BSKYIIUX CH-
cTeMax, B YaCTHOCTH, KaK MOTEHLUAIbHON allbTePHATUBHI J10-
porocTosIIeMy TIIHHO3eMUCTOMY eMeHTy (manee ['L]) [5,6].

OnHoit u3 HamboJlee MEepPCIeKTUBHBIX 00JacTell mpuMeHe-
HUS TAKUX BSOKYIIUX SIBISIIOTCS CYXHE€ CTPOUTEIBHBIC CMECH
JUTS HAWBHBIX TIOJOB (CM. PUCYHOK 1), BRIIOJHSFOIINX POJIb
HE TOJIFKO BBIPABHHUBAIOIIECTO, HO W THIPOU3OISIIOHHOTO Oa-

pbepa.
PUCYHOK 1

KOHCTPYKLUA ITOJIA (B pa3pe3se):

1 — 6eTOHHOE OCHOBaHMeE; 2 — MOACTHIIAIOLIMIA CJI0¥;

3 — Tenu1oM30J1s1Ms; 4 — HAJIMBHOE CAMOHMBEJIUPYIOLIee NOKPbITHE;
5 — pUHHIIHBIA MOJTUMEPHBIH 1015 6 — 3alMTHBIH cJI0i

Figure 1

Floor construction (cross-section):
1 — concrete base; 2 — underlayment; 3 — thermal insulation;
4 — self-levelling coating; 5 — finished polymer floor; 6 — protective layer

O} deKTUBHOCTH TUAPOU3OIIAIUOHHBIX CBOWCTB HAJIMB-
HOTO I10JIa HANIPSIMYFO OTIPECIIACT JOJITOBEYHOCTD (DIHUIII-
HOTO TOJMUMEPHOTO MOKPHITHS, JJIsI KOTOPOTO OCTaTOYHAs
BIQKHOCTh OCHOBAHUS HE JTOJDKHA MPEBHIMATh 4%, a Karui-
JISIPHBIHA TIOJICOC HEJIOITYCTUM.

Heas nccaenoBaHusi — CPABHUTCIBHBI aHATH3 BIHSA-
HUS COCTaBa KOMITO3UIIHOHHOTO BsXKyIIero (Ha ocHoBe 'L n
CKIII) u xomIutekca (pyHKIIMOHATBHBIX J0OABOK Ha MIpoIiece
CTPYKTYPOOOpPa30BaHUs: ITIOPUCTOCTh U Kod(dduimenT ka-
nuuapHoro Boponorionienus (nanee KKBII) nementHoro
KaMH.

MaTepl/IaJ'[])I H ME€TOAbI

B pabore ucmons3oBanuck: mopriananeMedt [[EM I
42,5H I'OCT 31108-2020 mpoussoacta OO0 «Cepebdpsiu-
ckuii memeHtHbId 3aBoa» (IILl), xuMuKO-MHHEpaIOTHYe-
CKHUH COCTaB IPE/ICTABIICH B TaOnuUIE 1; TITMHO3EMUCTHIH Tie-
MeHT ['B-50 TV 5737-015-00281306-22 npoussoacrea AO
«ITomonbck-Liement» (I'1-50), XUMHKO-MHHEPATOTHUESCKHIA
cocraB npexacranieH B Tadbnume 2; CKII mpomssoacrea AO
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INTRODUCTION

The modern construction industry is characterized by
increased attention to resource conservation and industrial
waste recycling within the framework of sustainable de-
velopment principles [1]. Global and domestic experience
demonstrates successful examples of the use of industrial
by-product (fly ash, blast furnace slag, bottom ash) in the
production of building materials [2-4]. The problem of re-
cycling ferrous metallurgy slag is becoming particularly
relevant, as its volumes are increasing due to intensified
production. Modern processes of out-of-furnace steel
treatment in «furnace-ladle» units lead to the formation of
specific ladle slags, which differ in chemical and miner-
alogical composition from the slags traditionally used in
the production of complex binders. The increased content
of highly basic calcium aluminates opens prospects for
their use as a functional component in composite binder
systems, as a potential alternative to expensive aluminous
cement (hereinafter referred to as AC) [5,6].

One of the most promising areas of application for
such binders is dry building mixes for self-levelling floors
(see Figure 1), which act not only as a levelling agent but
also as a waterproofing barrier.

ATTLLALTLLLLLURRRRRARAAN AN

>

The effectiveness of the waterproofing properties of a
self-levelling floor directly determines the durability of the
final polymer coating, for which the residual moisture con-
tent of the substrate must not exceed 4%, and capillary suc-
tion is unacceptable.

The purpose of the study is to conduct a comparative
analysis of the influence of the composition of the composite
binder (based on AC and SLS) and a complex of functional
additives on the structure formation process: porosity and ca-
pillary water absorption coefficient (hereinafter referred to as
CWAC) of cement stone.

Materials and methods

The following materials were used in the work: Portland
cement CEM I 42.5N GOST 31108-2020 produced by
Serebryansky Cement Plant LLC (PC), the chemical and
mineralogical composition of which is presented in Table 1;
aluminous cement GC-50 TU 5737-015-00281306-22 pro-
duced by Podolsk-Cement JSC (GC-50), the chemical and
mineralogical composition of which is presented in Table 2;
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«BBIKCYHCKHMI METaLIypru4ecKuil 3aBo1, XMMUUECKUN CO-
CTaB mpejcTaBiieH B Tabiuie 3; necok kBapueblid mo [OCT
8736-2014 npoussoactsa OOO «HepynHble MaTepuanbby;
rurnc Mapku I'-5 npoussoactsa OO0 «KazaHCKull THIICOBBIIA
3aBo1» (I'-5); pyHKIMOHANBHBIE 100aBKH: THIIEPILIACTU(H-
KaTop Ha ocHoBe nosmkapookcuiaros PC 1050p mpoussoa-
ctBa AO «EBpoxum-1 @JI» (I'TI), pemucrepcHOHHBIHA MTOTH-
MEpHBIN MOPOIIOK Ha BUHHUJI-alleTaTHOM ocHOBe Setaky RDP
505R5 mpomzBopcrBa Shandong Xindadi Industrial Group
Co. Ltd. (mamee PIIII), a¢up nemrono3sr Mecellose FMC
60150 mpomzBoactBa AO «EBpoxum-1 @1y (manee OLI).

SLS produced by JSC Vyksunsky Metallurgical Plant, chem-
ical composition presented in Table 3; quartz sand according
to GOST 8736-2014 produced by LLC Non-Metallic Mate-
rials (hereinafter referred to as sand); gypsum grade G-5 pro-
duced by LLC Kazan Gypsum Plant (G-5); functional addi-
tives: polycarboxylate-based hyperplasticizer produced by
EuroChem-1 FD JSC (HP), vinyl acetate-based redispersible
polymer powder Setaky RDP 505RS5 produced by Shandong
Xindadi Industrial Group Co., Ltd. (RPP), cellulose ether
Mecellose FMC 60150 produced by EuroChem-1 FD JSC
(CE).

TABJMIIA 1 — XUMUKO-MHAHEPAJIOT MUECKUI COCTAB IMOPTJIAHJIIEMEHTA

HEM I 42,5H T'OCT 31108-2020

Table 1 — Chemical and mineralogical composition of Portland cement CEM I 42.5N GOST 31108-2020

Coaep:xaHue OKCHI0B/MUHEPaJIoB, Mac.%

Oxide/mineral content, wt.%
CaO SiO2 ALO3 Fe203 MgO CsS C:S CiA CiAF
65,9 21,0 5,4 42 2,4 71 5 8 13

TABJMIIA 2 — XUMUKO-MHAHEPAJIOT MYECKHUI COCTAB NIMHO3EMUCTOI'O IEMEHTA TI'1I-50
Table 2 — Chemical composition of aluminous cement GC-50

Coaep:kanue 0KCHI0B/MIHepPaIoB, Mac.%
Oxide/mineral content, wt.%

CaO SiO2 ALO3 Fe203 MgO CA CA CsAF CaS
32,0 2.4 61,0 0,9 3,7 85 4 2 3
TABJIMIA 1 — XUMHUYECKHUI COCTAB CTAJIEILTABUJIBHOI'O KOBIIEBOT'O IIJIAKA
Table 3 — Chemical composition of steelmaking ladle slag
Copep:xanne oOKcua0B, Mmac.% IloTepn npu
Oxide content, wt.% NMpoKaJuBaHuu, % Baara, %
Lo . °
Si0; ALO3 Fe:0s Ca0 MgO Na:0 Lo °“,,/Lg“'t'°“’ MADRILE) 20
11,4 21,7 9,5 49,8 7,1 0,1 0,2 0,1

CKII 6511 IpeaBapuTeNIbHO H3METHUEH B MIAPOBOM JIa-
OGoparopHOW MENBHHUIIE IO YISIBHOW ITOBEPXHOCTH IIO
baeitny 500 m?/kr. I'panynomerpuueckuii cocta CKIII mo-
cie momona npeactasieH B TABJIMIA 2. Tlo kitodeBbIM
napaMeTpaM JIUCIIEPCHOCTH YCTaHOBJIEHO, YTO MOCNE MO-
mosta CKUI nmpezncrasnsier co0oif TOHKOAMCIEPCHBIH MaTe-
pHai ¢ MeIMaHHBIM pa3MepoM JacTul 7,8 MKM, 4To obecre-
YHBAET BHICOKYIO PEaKIIHOHHYO CIIOCOOHOCTB P IINPOKOH
MOJIMIMCIIEPCHOCTH.

The SLS was pre-ground in a ball mill to a specific sur-
face area of 500 m?/kg according to Blaine. The particle size
distribution of SLS after grinding is shown in Table 4. Based
on key dispersion parameters, it was established that after
grinding, SLS is a finely dispersed material with a median
particle size of 7.8 um, which ensures high reactivity with
wide polydispersity.

TABJIMIIA 2 — TPAHYJIOMETPUHUYECKHI COCTAB CTAJIEINIABUJIBHOTI'O KOBIIEBOT'O IIIJIAKA
Table 4 — Particle size distribution of steelmaking ladle slag

x10, x50, x90, RO1, RO5, R10, R20, R32, R40, RS0, R90, R100, R200,
MKM MKM MKM % % % % % % % % % %
1,0 7,8 99,9 90,2 59,7 452 33,8 26,9 23,6 13,4 11,6 10,0 0

Ha ocHOBe nmpeBapuTEIbHO YCTaHOBICHHOTO paHee Oll-
TUMAJIBHOTO COOTHOLICHHUS MHHEPAJbHBIX KOMIIOHEHTOB B
cocTaBe KOMIUIEKCHOTO BspKylero [7] (MOpTiIaHILEMEHT:
CKIL: runc) Opumm npuroToBiieHs! 11 MOJETBHBIX COCTaBOB
KOMIIO3UIUOHHBIX BSKyIIUX. KOHTpOIBHBII cOCTaB — cMech
1, cogepxaliuii TIIMHO3EMUCTBIA LIEMEHT B KonuuyecTBe 10
Mac.%. OctanbHble 10 cOCTaBOB MPUTOTOBJIEHBI C UCIIOIB30-
Baunem CKII (12,5 mac.%) npu BappHpOBAaHUN COAEPIKAHUS

Based on the previously established optimal ratio of min-
eral components in the composition of the complex binder
[7] (Portland cement: SLS: gypsum), 11 model mixtures of
composite binders were prepared. The composition of the
control is mixture 1, containing 10 wt.% of aluminous ce-
ment. The remaining 10 mixtures were prepared using SLS
(12.5 wt.%) while varying the content of functional addi-
tives: HP — 0.2-0.4 wt.%; RPP — 0.5-1.5 wt.%; CE — 0.04-
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dyakiuoHanpHbIX q06aBok: I'TI — 0,2-0,4 mac.%; PIIIT —
0,5-1,5 mac.%; 21 — 0,04-0,06 mac.% (BBox cBepx 100%
Macchbl MUHEpaibHOH 4acTH). COCTaBbl KOMITO3UIIMOHHBIX

0.06 wt.% (added more than 100% of the mass of the mineral
part). The compositions of composite mixtures [8] modified
with functional additives are presented in Table 5.

cMmeceld [8], MomuGUIMPOBaHHBIX (PYHKIIMOHATEHBIMHU J10-
OaBKkamH, IIPE/ICTABICHBI B TaOIHIIE 5.

TABJIUIIA 3 - BEHIECTBEHHBIA COCTAB CMECEM

Table 5 — Material composition of mixtures

Conep:xanue KOMIIOHEHTOB B cMecH, Mac.%
Material composition of mixtures, wt.%
Homep cmecu IMopTnanauemeHT I'iuHo3emucThbIi I'une
Mixture OEM I 42,5H nement T'I(-50 CKIII mapku I'-5 Iecok I PIIII C)1|
Portland cement Aluminous cement SLS Gypsum Sand HP RPP CE
CEM I 42.5N GC-50 grade G-5
1(KOHTPOJIbHBII
COCTaB) 35.0 10.0 - 5.0 50.0 0.3 1.0 0.05
(control)
2 35.0 - 12.5 2.5 50.0 - - -
3 35.0 - 12.5 2.5 50.0 0.2 - -
4 35.0 — 12.5 2.5 50.0 0.3 - -
5 35.0 - 12.5 2.5 50.0 0.4 - -
6 35.0 — 12.5 2.5 50.0 0.3 0.5 —
7 35.0 - 12.5 2.5 50.0 0.3 1.0 -
8 35.0 - 12.5 2.5 50.0 0.3 1.5 -
9 35.0 — 12.5 2.5 50.0 0.3 1.0 0.04
10 35.0 - 12.5 2.5 50.0 0.3 1.0 0.05
11 35.0 - 12.5 2.5 50.0 0.3 1.0 0.06

XHUMHUKO-MUHEPAIOTUYECKUAN COCTaB EMEHTOB U XMMHUYE-
ckuit cocraB CKIII ompenensinch Ha peHTTCHOCTIEKTPATIEHOM
ananmu3atope S8 Tiger (mpomsBoautens Bruker, I'epmanus).
Tonkocts oMona 1o yaensHoi noepxHoctu CKII npoBoau-
J1ach METOJIOM BO3/1yXONPOHUIIAEMOCTH IIPH MOMOIIH ITpubopa
bneitna monenu 1.0209 ¢ py4yHsIM yrpaBieHHeM (IPOU3BOIH-
tens Testing, I'epmannst). Pazmep wactun CKIL onpenensiics
METOJOM JIa3epHOi rpanynoMeTpuu Ha aHanuzatope HELOS
(npousBogutens Sympatec, ['epmanust).

HcnbiTanns pacTBOPHBIX 00pa3lioB HA OCHOBE MOJEIIBHBIX
COCTAaBOB KOMITO3UIIMOHHBIX BSOKYIIUX [9] MpoBOAMINCH C HC-
MIOJIb30BAaHNEM CIIEAYIOIINX METOIUK:

1. OmnpepeneHre KanMUIAPHOTO BOIOIOTJIOIICHHUS OCY-
MIECTBILIOCH B COOTBETCTBHM C TPEOOBAHUSIMHU U METOANKOU
I'OCT P 58277-2018 «Cmecu cyxue CTpPOUTENbHBIE Ha Iie-
MEHTHOM BSDKyLIeM. MeToabl ucneltanuiiy. Ilocie BoLaepKKU
B HOPMAJIBHBIX YCJIOBHSIX (28 CyTOK) M CYIIKH JIO TOCTOSIHHOU
Macchl 00pasIbl M30JIMPOBAIKMCH MO YETBIPEM IPOJOIBHBIM
IpaHsM M MOMEIIAINCh TOPIIOM B BOIy Ha MIyOuHy 5—10 mMm.
KKBII paccuntsiBancsi mo Qopmysie craHaapra Ha OCHOBE
Macchl BOJbI, OMJIOMIEHHOH 32 uHTepBaibl 10 1 90 MUHYT.

2. Ompenenenue MOPUCTOCTH PACTBOPHBIX 00pa3loB Mpo-
BOJIMJIOCH METO/IOM THAPOCTATHYECKOTO B3BEIINBAHNSI.

Pe3y.]1]>TaTbI HCCJIeT0BaAHUA

1. Bmusane (QyHKIIMOHATBHBIX T00AaBOK HA CTPYKTYPHBIE
XapaKTEPUCTHKH IIEMEHTHOTO KaMHsI Ha OCHOBE KOMITO3UITHOH-
Horo Bsxymiero [10]. KiroueBsiM kputepuem 3¢ pexTnBHOCTH
COCTaBOB UISI TUAPOU3OIISIINOHHBIX HAMBHBIX CTSKEK SBIIS-
ercst KKBII. Pe3ynbTaTel ncTibITaHUI TPEICTABICHBI HA CTOJO-
yaTol auarpamme (CM. PHCYHOK 2).
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The chemical and mineralogical composition of ce-
ments and the chemical composition of SLS were deter-
mined using an S8 Tiger X-ray spectrometer (by Bruker,
Germany). The fineness of grinding by specific surface
area of SLS was determined by the air permeability
method using a manually Blaine model 1.0209 device (by
Testing, Germany). The particle size distribution of SLS
was determined by laser granulometry on a HELOS ana-
lyzer (by Sympatec, Germany).

Tests on mortar samples based on model mixtures of
composite binders [9] were carried out using the following
methods:

1. Capillary water absorption was determined in ac-
cordance with the requirements and methodology of
GOST R 58277-2018 «Dry building mixes based cement
binders. Test methods». After exposure to normal condi-
tions (28 days) and drying to a constant mass, the samples
were insulated along four longitudinal edges and placed
end-first in water to a depth of 5-10 mm. CWAC was cal-
culated using the standard formula based on the mass of
water absorbed over 10- and 90-minute intervals.

2. The porosity of the mortar samples was determined
by hydrostatic weighing.

Researches results

1. The influence of functional additives on the struc-
tural characteristics of cement stone based on composite
binder [10]. The key criterion for the effectiveness of mix-
tures for waterproofing self-levelling screeds is the
CWAC. The test results are presented in a bar chart (see
Figure 2).
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PUCYHOK 2

KOD®®UIHNEAT KANWLISIPHOTO
BOJOIOIJIOIIEHNS (KKBII) MNC-
CJEJIYEMBIX COCTABOB B BO3-
PACTE 3, 7 u 28 cyTok

Figure 2

Capillary water absorption coefficient
(CWAUQC) tested mixtures at 3, 7 and 28 days
of age

Cwmech Ha CKIII 0e3 ¢pyHKIMOHATIBHBIX 100aBOK (cMech 2)
nokaszana Beicokuit mapamerp KKBII B Bo3pacte 3 c yTok
(>0,02 xr/(m?-c%%)), uemM cocTaBbl, MOAMPUIMPOBAHHBIE (yHK-
UOHANBEHBIMU JToOaBKamu [11], 9TO cBHIETEIBCTBYET O QOp-
MHPOBAaHHUN OTKPBHITON MMOPHCTON CTPYKTYPHI.

Bauanue oobasku I'Tl. Beeneune not6asku ['T1 B xoimue-
ctBe 0,3 mac.% (cmech 4) camxaer KKBII B Bo3pacrte 3 cyTok.
Opnako moBeieHue 10361 10 0,4 mac.% (cMmech 5) mpUBOAUT
K ero pocry (mo 0,023 xr/(m?-c®%)) B Tom xe Bospacte (3 cy-
TOK), 9TO 00BsAcHseTCA dpdexToM neperactudukamun [12],
KOTOPBII 3HAYUTENBHO 3aMeIIsieT KWHETHKY THApaTalii U
HapymiaetT OTHOPOAHOCTh CTPYKTYpHI [13].

Bruanue oobasxu PIIII. Beenenune no6asku PIIIT (cmecu
6-8) cymectBeHHO cHIkaeT mokazatens KKBII. Ontumans-
HbIM siBsieTcs coaepkanue PIIIT 1,0 mac.% (cmecs 7), ipu Ko-
TOPOM IOJIMMEpPHBIE TUICHKH 3(P(EKTHBHO NMEPEKPBHIBAIOT OT-
KPBITbIE KaNWUIAPh! [IEMEHTHON MaTpullsl [14] u repmerusu-
pytot nopsl. I1o pesynpraram uccienoBanuii cmecs 10, conep-
JKamas KoMIuieKe (yHKIHOHaIbHEIX no0aBok (0,3 mac.% I'TI
+ 1,0 mac.% PIIIT + 0,05 mac.% OI1), moka3piBacT MHHUMAJIh-
Hoe 3Ha4eHue napamerpa KKBII — 0,01 kr/(m?-c*3), o como-
CTaBUMO C KOHTPOJBHBIM 00pa3oM, TPUTOTOBIEHHBIM C TIIH-
HO3EMHUCTBIM IIeMeHTOM — cMech 1 [15, 16].

2. PesynpTarhl uccienoBaHusl MOpUCTOCTH (Tabnuma 4)
MOJTBEPXKIAIOT BBIBOJIBI, CICJaHHbIE HA OCHOBE JAHHBIX MO
KKBII. OtkpbiTas mOpHCTOCTh Y 0Opasiia 6e3 (hyHKIHOHAb-
HBIX T00ABOK COCTaBJISIET B BO3pacTe 3 cyTok cocranser 10,1
% mpotus 9,1% y obpasua ¢ QyHKIIMOHAIEHBIMU JOOABKAMH.
[Tpuyem nopuctocTs y 00pa3oB ¢ GyHKIMOHATEHBIME 100aB-
KaMM CHIXaeTcs ObicTpee U K 28 cyTkaM Ha 33 % HuKe, 4eM y
6e31006aBouHOrO OOpasLa.

The mixture on SLS without functional additives (mix-
ture 2) showed a high CWAC parameter at the age of 3
days (>0.02 kg/(m?s*%)) than mixtures modified with
functional additives [11], which indicates the formation of
an open porous structure.

The effect of additive HP. The introduction of the ad-
ditive HP in an amount of 0.3 wt.% (mixture 4) reduces
the CWAC at 3 days of age. However, increasing the dose
to 0.4 wt.% (mixture 5) leads to its increase (up to 0.023
kg/(m?-s%3)) at the same age (3 days), which is explained
by the effect of overplasticisation [12], which significantly
slows down the kinetics of hydration and disrupts the ho-
mogeneity of the structure [13].

The effect of additive RPP. The introduction of addi-
tive RPP (mixture 6-8) significantly reduces the CWAC.
The optimal RPP content is 1.0 wt.% (mixture 7), at which
polymer films effectively cover the open capillaries of the
cement matrix [14] and seal the pores. According to the
research results, mixture 10, containing a complex of func-
tional additives (0.3 wt.% HP + 1.0 wt.% RPP + 0.05 wt.%
CE), shows the minimum value of the CWAC — 0.01
kg/(m?-s%3), which is comparable to the control mixture
prepared with aluminous cement — mixture 1 [15-16].

2. The results of the porosity study (see Table 6) con-
firm the conclusions drawn from the CWAC data. The
open porosity of the sample without functional additives
at the age of 3 days is 10.1% versus 9.1% for the sample
with functional additives. Moreover, the porosity of sam-
ples with functional additives decreases faster and by 28
days is 33% lower than that of the sample without addi-
tives.

TABJIUIA 6 — BIUAHUE OYHKIIMOHAJIBHBIX TOBABOK HA ITIOPUCTOCTb HEMEHTHOI'O

KAMHSA HA OCHOBE CKIII

Table 6 — The influence of functional additives on the porosity of cement stone based on SLS

Cocrap 0e3 (PyHKIIMOHATBHBIX 100aBOK CocTaB ¢ KOMILIEKCOM (DYHKIIMOHATBHBIX
(cmech 2) n06aBok (cmech 10)
Bpewms TBepaennsi, Composition without functional additives Composition with complex of functional additives
cyT (mixture 2) (mixture 10)
Hardening time, IMopucrocts, % IMopucrocthb, %
days Porosity, % Porosity, %
Oomas OtkpbITas 3akpbITast Oomas OTkpbITast 3akpsbiTas
total opened closed total opened closed
1 12,8 9,7 3,1 12,5 9,8 2,9
3 12,5 10,1 2,4 12,3 9,1 3,2
7 15,8 12,4 34 9,8 6,3 3,5
28 14,2 11,6 2,6 8,4 3.8 4,3
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BriBoabI

1. DxcrnepuMeHTaJbHO MOATBEpXKJEHAa NPUHLUIHNAIBHAS BO3-
MOXHOCTh 3()()eKTHBHOW 3aMEHBI TJMHO3EMHUCTOIO IIEMEHTa
[17] cranennaBUIbHBIM KOBILEBBIM INIAKOM B KOMITO3UI[IOHHBIX
BsDKYIIUX [18] /Ui ruApOU30ISLIMOHHBIX CTSKEK MPH YCIOBUU
ONITUMHU3AIMN cocTaBa (YHKIMOHAIBHBIMHU JOOABKaMH.

2. YCTaHOBIIEHO KOMIUIEKCHOE AEHCTBHE (QYHKIMOHAIBHBIX J10-
6aBok: runeprutactudukarop (0,3 mac.%) obecneunBaer auc-
MeprUpOBaHNE W HU3KOE BOJOTBepaoe oTHomenue [19], peamc-
MEPCHOHHBIN monuMepHbIi nopomrok (1,0 mac.%) ¢dopmupyer
YIPOYHSIOIINE U TEPMETU3UPYIOLINE MIIEHKH, 3(QUP LEIUTIOI03bI
(0,05 mac.%) cTabMIM3UpPYyET CUCTEMY.

3. OnTUManbHBIN COCTaB CMECH Ha OCHOBE CTaJICIUIaBUIHHOTO
KOBIIIEBOTO IUIaKa C KOMIUIEKCOM (PYHKIIMOHAIBHBIX J100aBOK
XapaKTepU3yeTcss MHUHUMAIbHBIM KOA(PQUIIMEHTOM Kanuuisip-
noro Bogonornomerus (0,01 kr/(m?-c%?)), pesyabrar ucnbiTa-
Hull conocraBuMbiM ¢ napamerpoM KIITIB koHTposbHOTO CO-
CTaBa, MIPUTOTOBIEHHOTO HA OCHOBE INIMHO3EMHUCTOrO L[EMEHTa
(cmecp 1). OnTHManbHBIA COCTaB IOKA3bIBACT CTAOMIBHOCTH
YIUIOTHEHHOH CTPYKTYphl IeMeHTHoro kamHs [20] (oTKpsITast
MOpHCTOCTH 3,8%).

4. ITomy4deHHBIE pe3yIbTaThl 000CHOBBIBAIOT TEXHUKO-3KOHOMHU-
YECKYI0 U 3KOJIOTHUYECKYIO LIEIeCO00pa3HOCTh HCIIOIb30BaHMS
CTaJICTNIAaBIJIBHOTO KOBIIEBOTO Imjiaka [21] B KauecTBe MOJHO-
LIEHHOTO JIFOMUHATHOTO KOMIIOHEHTa B COCTaBaX CyXHX CTPOH-
TENBHBIX CMECEH 11 HaJIMBHBIX IIOJIOB C ITOBBIIIEHHBIMHU Tpe0o-
BaHUSMHU K TUAPOU3OIAIUU [22].
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Conclusions

1. The fundamental possibility of effectively replacing
aluminous cement [ 17] with steel ladle slag in composite
binders [18] for waterproofing screeds has been experi-
mentally confirmed, provided that the composition is op-
timized with functional additives.

2. The complex action of functional additives has been
established: a hyperplasticizer (0.3 wt.%) ensures dis-
persion and a low water-hardness ratio [19], redispersi-
ble polymer powder (1.0 wt.%) forms strengthening and
sealing films, cellulose ether (0.05 wt.%) stabilizes the
system.

3. The optimal composition of the mixture based on steel
ladle slag with a complex of functional additives is char-
acterized by a minimum capillary water absorption co-
efficient (0.01 kg/(m?-s%%)), a test result comparable to
CWAC of the control mixture prepared based on alumi-
nous cement (mixture 1). The optimal composition
shows stability of the compacted structure of the cement
stone [20] (opened porosity 3.8%).

4. The results obtained justify the technical, economic
and environmental feasibility of using steel ladle slag
[21] as a full-fledged aluminate component in dry build-
ing mixes for self-levelling floors with increased water-
proofing requirements [22].
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