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ABSTRACT

In modern conditions, the construction industry of the Russian Federation is aimed at the introduction of progressive integral approaches
that consider the possibility of significant reduction of industrial waste accumulation, as well as its prevention. This can be done by increasing
the range and volume of recycling of secondary materials and technogenic waste at construction industry enterprises. The proposed steelmak-
ing waste can replace imported aluminate and sulphoaluminate cements, reduce the cost of composite binders and ultimately improve the
environmental situation in our country. The paper studies linear deformations of cement mortars based on composite binders obtained using
steelmaking waste - ladle slag, the influence of the type of sulphate component on the shrinkage-expansion deformation of hardened cement
paste is studied.
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BBEJEHUE

BBezneHue B 9KcIUTyaTalnnio HOBBIX METaJUTypPTHYECKHX 3a-
BOJIOB B P® 110 BBIMYCKY clIENMAIM3UPOBAHHOM CTalll IIPHBO-
JIIT K YBEJIIMYCHHIO OTBATBHBIX OTXOJIOB, B TOM YHMCIIE, U [IJTaKa
BHENICYHOW OOpabOTKH, YTO OTPHUIIATEIEHO BO3ACHCTBYET Ha
OKpY’KaIoIIyIo cpeny. Pacmmpstorces tuiomann, BeIIIsIEMbIC
O]l XpaHEHHe OTXOAOB Mpom3BojcTBa [1-2]. Pacmopspxenne
ITpaButenscTBa PO ot 10 Mast 2016 T. Ne 868-p «O0 yTBepxae-
HuM CTpaTerud pa3BUTHS NMPOMBIIUICHHOCTH CTPOHUTEIBHBIX
MaTepHuaiioB Ha nmeprof 10 2020 roxa v fanbHEHIITyo IepCcrex-
TuBy 110 2030 rozma» [3] npexycMaTpUBaeT yBEIHYEHUE acCOp-
TUMEHTa M 00BbEMa yTWIM3alMM BTOPHYHBIX MATEPUAIOB U
TEXHOTEHHBIX OTXOJI0B IPU MPOU3BOJCTBE CTPOUTENIBHBIX Ma-
TEpUasoB.

[IpoBenéunsie panee uccneaoBanus [4-7] yCcTaHOBHUIIU, YTO
OTBAJIbHBIC IIUTAKW MapTEHOBCKUX W JIyTOBBIX Tedell He o0ia-
JTAIOT THAPABIMYECKON aKTUBHOCTHIO. CTaTHCTHKA HAKOIUICH-
HBIX JTAaHHBIX, IIOTYICHHBIX IO PE3yIbTaTaM TECTUPOBAHUS OT-
BaJIGHBIX NIJIAKOB, YKA3aHHBIX BBIIIC arperaToB, BEISIBIIIA, YTO
STH IIUTAKW HHEPTHBL, ¥ B Ka9eCTBE T00ABOK MTPH IIPOU3BOICTBE
[IEMEHTa He MOTYT OBITh MCHOIH30BaHEL. C MOSBICHHEM 3JIEK-
TPOAYTOBBIX MEYEH U JOTIOIHUTEIBHBIX YCTAHOBOK BHETICYHOM
00paboTKH C AIIEKTPOINIOZAOTPEBOM JKHIIKOW CTajd BO BTOPOM
MIEYHOM arperare «Ieyb-KOBID), H3MEHUJICS COCTaB U PaCIIH-
pHIIach HOMEHKJIaTypa FOTOBOTO MPOIYKTA, TOMEHSIJICS XUMH-
YeCKM # COCTaB CTalelIaBMIBHOTO IUIAKa, MOTY4EeHHOTO
MOCJI€ BHIMJIABKU CTAlIM BO BTOPOM arperate.

[Tpn BBIIUIaBKE HU3KOYIJIEPOANCTOM CTajM IIJIaK BHEICY-
HOHI 00pabOTKH COJEP)KUT B CBOEM COCTaBE BHICOKOATIOMUHAT-
HBIC COCIMHEHU, KOTOPBIC MOTYT BCTYIIaTh B PEaKIIUU THAPaA-
tauuu [8-11]. UMes xuMudeckoe poACTBO ¢ TPYIIION anoMu-
HATHBIX [IEMEHTOB, 3TU [UIAKA MOTYT 3aMeIIaTh UX B COCTaBE
KOMIIO3HUITMOHHBIX BSDKYINX. B CBSI3M C MHTCHCHBHBIM YBEJIH-
YEHHEM BBIITyCKa CIICHHAIN3UPOBAHHON CTaH IUISI OTPAcin
CTAaHKOCTPOCHWMsI, 00bEMBI 3aje’Kell KOBIIEBOTO IIIJIaKa WIIH
IIJJaka BHENE4YHOW 00paboTKM arperara «redb-KOBID (lajiee
nuak - CKIII) pacTyT B reoMeTpH4ecKoi mporpeccuu.

B Hacrosimiee Bpemsi pa3pa0oTaHbl U IIMPOKO HPUMEHS-
IOTCSI B IPOMBIIIJICHHOCTH CTPOUTEIBHBIX MaTEPUAJIOB U KOH-
CTPYKIMIA pacmupsitoruecs: 1emMeHntsl [11,12]. Pa3zpaborkam
UX TEXHOJIOTUH, U3YYEHUIO CBOWCTB, ONTUMM3ALUU COCTABOB
VACTSITIOCH M yIeNsieTcsl 00NbIIoe BHUMaHUE UCCIIenoBaTeneh
BO BCEM MIHpeE.

UzBectHO Gonee 50 pa3nuYIHBIX PaCHIAPSIIOIINXCS IIEMEH-
TOB, Pa3TUYAIONINXCS KaK BUAAMH PACIIHPSIOMIAXCS KOMITO-
HEHTOB, TaK 1 criocobamu mpousBoacTsa [ 13-18]. Cpenu BumoB
PaCIINPSIONINXCS] KOMIOHEHTOB HEOOXOIUMO BBIICTHUTH CYyJIhb-
(arupoBanHble kKIuHKepa. Cpean HUX 0c000e MECTO 3aHUMAET
Cynb(hOaTIOMUHATHBIN KIUHKEp. Takodl KIMHKEp MOIydYaroT
00XHUTOM CMECH U3 U3BECTHSIKOBOTO, INNIMHO3EMUCTOT0 KOMITO-
HEHTa W THIICa, PACCYMTAHHOW Ha MOJIydeHUE CYJb(OaTIOMU-
HaTa Kajbiws [14, 16,17]. ATbTepHATHBOM CYIb(POATFOMUHAT-
HOMY KJIMHKepY ObUIH pa3paboTaHbl cynbhodeppuTHbIi [18] u
cynbdoarroMopeppuTHEI [ 19] kiuHKepa, oTy4aeMble 00XKH-
TOM CMECH W3 THIICA U KEJIE30COICPHKAIIETO, H3BECTHIKOBOTO
KOMITOHCHTA.

B kagecTBe pacuIipsIonerocss KOMIIOHEHTA UCTIONB3YIOTCS
MIPUPOHBIE MaTepHaibl, KOTOPHIC ITOCIIE WX TEIUIOBOW oOpa-
0O0TKHM TIpH JOOaBIIEHUH K IIEMEHTY O0ecIieunBaloT 00pa3oBa-
HHUE TUAPOCYNIb(oaTIOMIHATA KaJIbIXs MIPH €T0 THAPATAIIH,
4T0 00YCIIOBIMBAET pacIIpeHue TBepAetolel cuctemsl [20].
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INTRODUCTION

The commissioning of new metallurgical plants in
Russia to produce specialized steel leads to an increase in
waste heaps, including slag from out-of-furnace treatment,
which has a negative impact on the environment. The area
allocated for storage of industrial waste is expanding [1-
2]. Order of the Government of the Russian Federation Ne
868-r “On approval of the Strategy for the development of
the building materials industry for the period up to 2020
year and further perspective up to 2030 year” dated 10
May 2016 [3] provides for an increase in the range and
volume of utilization of secondary materials and techno-
genic waste in the production of construction materials.

Previous studies [4-7] have established that waste slags
from open-hearth and arc furnaces do not have hydraulic
activity. Statistics of the accumulated data obtained from
the results of testing of waste slags from the above-men-
tioned units revealed that these slags are inert and cannot
be used as additives for cement production. With the ad-
vent of electric arc furnaces and additional installations for
out-of-furnace treatment with electric heating of liquid
steel in the second furnace unit “furnace-ladle”, the com-
position and range of finished products changed, and the
chemical composition of steelmaking slag obtained after
steelmaking in the second unit changed.

During the smelting of low-carbon steel, the slag from
out-of-furnace treatment contains high aluminate com-
pounds that can enter hydration reactions [8,9]. Having
chemical affinity with the group of aluminate cements,
these slags can replace them in the composition of compo-
site binders. Due to the intensive increase in the produc-
tion of specialized steel for the machine tool industry, the
volumes of ladle slag deposits or slag from the out-of-fur-
nace treatment processing of the “furnace-ladle” unit
(hereinafter slag - SLS) are growing exponentially.

At present, expanding cements have been developed
and widely used in the industry of building materials and
structures [11,12]. The development of their technology,
study of properties, optimization of compositions was and
is given much attention by researchers all over the world.

More than 50 different expanding cements are known,
differing both in the types of expanding components and
production methods [13-18]. Among the types of expand-
ing components it is necessary to emphasize sulfated
clinkers. Sulfoaluminate clinker occupies a special place
among them. Such clinker is obtained by firing a mixture
of limestone, alumina component and gypsum designed to
produce calcium sulfoaluminate [14, 16,17]. As an alter-
native to sulfoaluminate clinker, sulfoferritic [ 18] and sul-
foalumoferritic [19] clinkers produced by firing a mixture
of gypsum and iron-containing, limestone component
were developed.

Natural materials are used as an expanding component,
which after their heat treatment when added to cement pro-
vide the formation of calcium hydrosulfoaluminate during
its hydration, which causes the expansion of the hardening
system [20].
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Tax)xe MOTYT HCIIOJIb30BAThCS MPOMBIIUICHHBIC TIPOTYKTHI,
KOTOpBIE MOT'YT COJIEPKATh B CBOEM COCTaBE alIFOMUHATHI KaJlb-
s (cranepagUHUPOBOYHBIC, TITMHO3EMHUCTHIC NIUTAKH, [IUIAKA
oT mpousBoactBa (eppobopa, deppoxpoma, (GeppoTUTaHa)
[14,21,22].

Henbio HacTosiIel paGoThI SABIISIIOCH UCCIIEI0BAHUE BITH-
SIHUSL OTXOJa CTaJICTUIABIIFHOTO TIPOM3BOJICTBA - IIITAKa BHE-
MeYHOW 00pabOTKM, COAEpIKaIIero B CBOEM COCTAaBE 3HAYM-
TENHHOE KOJUYECTBO ATIOMHUHATOB KaJIBIMS BBICOKOM OCHOB-
HOCTH, Ha AedopMaIiio ycaaKH-pacIIMpPeHHs EMEHTHOTO
KaMH$ B KOMITO3UIIMOHHOH BSOKYIIEH cucTeMe, KOTOpas MOXKET
cojiepath pa3Hbie (HOPMBI CyIb(ara KaIbIus.

MaTepna.m,I H METOAbI UCCJICA0BAHUSA

MopenpHbIe COCTaBbl KOMITO3UIIHOHHBIX BSDKYLIUX H3rO-
TaBJIMBAJIKCH C UCIIOJIb30BAaHNEM IIIaKa BHENIEYHOH 00pabOTKH
BBIKCYHCKOTrO METaJIypru4eckoro 3aBoja — MpeanpusiTie
4EpHOW MeTaJuTypruu, Bxosiee B cTpykTypy AO «O0benu-
HEHHAS METAJLTyprudcckas KOMITAHUSD).

CKIII ucnonp30Baicss B KaueCTBE ATIOMUHATHOIO KOMIIO-
HEHTa B COCTaBE KOMITO3UIIMOHHOTO BSDKYIIIETO CAMOHHBEIIH-
pyronmxcs 1 0e3ycaqodHbIX PacTBOPHBIX cMecei. [l mcee-
nIoBaHWH wcnonb3oBaHbl obpasnubl CKII ycpemneHHOTO CO-
ctaBa. MozebHBIE COCTaBbl KOMIO3HIIMOHHBIX BSDKYIIUX Pa3-
JUYAINCh BUIOM CyITh(aTHOTO KOMIIOHEHTA.

B skcnepuMeHTanbHBIX paboTax HCHOIB30BAIHCEH CIIEAYIO-
M€ MaTepHabl:

- IlopTiaHaneMeHT NMPOU3BOACTBA IIEMEHTHOTO 3aBOJa B
Tynsckoit oGmactu, coorBercTByromuii nmo I'OCT 31108
KJIacCy MpOoYHOCTHU 52,5. XapaKTepUCTUKU LIEMEHTa MPeACTaB-
JICHBI B TabmuIie 1.

- l'uric o-mopudukanmu 3A0 «Camapckuii TUTIICOBBIN KOM-
6unary», coorsercTBytomuii mo TY 21-PCOCP-153-90 mapke
I'BBC-16.

- T'umc B-moguduranmu OAO «I'uncobeTon», COOTBET-
crytommit mo 'OCT 125 mapke I'-5 b 11

- M3Bectp ctpoutensHas OO0 «Kampkon Kamyra», coort-
BerctBytomass I'OCT 9179. Ilokaszarenn kadecTBa H3BECTH
CTPOUTEIBHOM MPEACTaBICHBI B TabIHIIE 2.

Industrial products that may contain calcium alumi-
nates in their composition (steel refining, alumina slags,
slags from the production of ferroboron, ferrochrome, fer-
rotitanium) can also be used [14,21,22].

The purpose of this scientific work was to study the
influence of steelmaking waste - slag from out-of-furnace
treatment, containing in its composition a significant
amount of calcium aluminates of high basicity, on the de-
formation of shrinkage-expansion of cement stone in the
composite binder system, which may contain different
forms of calcium sulphate.

Materials and methods of research

Model compositions of composite binders were pro-
duced using slag from out-of-furnace treatment of Vyksa
Metallurgical Plant - ferrous metallurgy enterprise, which
is a part of the structure of JSC “United Metallurgical
Company”.

SLS was used as an aluminate component in composite
binder of self-leveling and shrinkage-free mortar mix-
tures. Samples of SLS of averaged composition were used
for the studies. The model compositions of composite
binders differed in the type of sulphate component.

The following materials were used in the experimental
work:

- Portlandcement produced by the cement plant in Tula
region, corresponding to GOST 31108 strength class 52.5.
Characteristics of cement are presented in Table 1.

- Gypsum a-modification of CJSC “Samara Gypsum
Plant”, corresponding to TU 21-RSFSR-153-90, mark
GVVS-16.

- Gypsum B- modification JSC “Gipsobeton”, corre-
sponding to GOST 125, mark G-5 B II.

- Construction lime of LLC “Calcon Kaluga”, con-
forming to GOST 9179. Quality indicators of construction
lime are presented in Table 2.

TABJIALA 1 XUMHAKO-MAHEPAJIOTHYECKHUIA COCTAB MOPTJAHJAIIEMEHTA
Table 1 Chemical and mineralogical composition of Portland cement

Coaepixanue OKcHI0B, Mac.%
Oxide content, wt.%

CoaepixaHue MUHEPaJIOB, Mac.%
Mineral content, wt.%

SiO2 ALO3 Fe203 CaO MgO CsS C:S CiA CsAF
21,88 5,05 3,72 66,70 1,14 64 14 7 11
TABJIMIIA 2 IOKA3ATEJN KAYECTBA U3BECTH CTPOUTEJIBHOM

Table 2 Quality indicators of construction lime

AxTuBHbIe (Ca0+MgQ0), % Baara, %

CO., He 0oJiee, % CreneHb 1ucnepcHocTH, %

71,53 0,52

0,92 0,29

Vepennenne CKII npoBoaunock no 'OCT 30515.

UccnenoBanne Bmmsiauss CKIUI wm Buma cymedaTHOTO
KOMIIOHEHTa Ha PEOJIOTUYECKHE CBOWCTBA CMECH MOJECIb-
HBIX COCTaBOB KOMIIO3HTHBIX BSDKYIIUX IPOH3BOIIIOCH B
cootBercTBun ¢ 'OCT 31358.

Averaging of SLS was carried out according to GOST
30515.

The study of the influence of SLS and type of sulphate
component on the rheological properties of the mixture of
model compositions of composite binders was carried out
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Xumuko-muHepanorngeckuit cocraB CKIL onmpenensics
Ha peHTreHocnekTpanbHoM aHanu3atope S8 Tiger (Bruker).
Munepanoruueckuil cocraB CKII uccnenosancst ¢ momo-
IIBI0 PeHTreHoBcKoro nudpakromerpa D2 Phaser (Bruker),
pacuéT conepKaHUsI MUHEPAIOB MPOU3BOJMICS IO METOIY
PutBenbna. [Tomon nmpod CKIL ocymecTsnsuics B mabopa-
TOPHOM IIapOBOX MEJIbHHULIE.

Omnpenenenne JTUHEHHBIX AehOpMaruii KOMITO3HIINOH-
HBIX BSDKYIIMX B M30JIMPOBAHHBIX YCIOBUSIX TBEPACHUS IPO-
BOJIMJIOCH TI0 METOJMKE OINpPECICHUS] CBOOOTHOTO paciIn-
PEHUS IEMEHTHBIX PACTBOPOB Ha OCHOBE KOMITO3MIIMOHHBIX
BSDKYILIUX, KOTOpas onucana fajiee. Cxema yCTaHOBKH Mpej-
cTaBJieHa Ha puc 1.

PUCYHOK 1

YCTAHOBKA JJIs1 ONPEAEJEHUSA
CBOBOJJHOI'O PACIIUPEHUSA PACTBOPOB HA
OCHOBE KOMITIO3UIIUOHHBIX BAXKYIIHUX,
TBEPJAEIOHIUX B 3AMKHYTbIX YCJIOBUSIX

1 — MeTauIMYecKHii cTakaH; 2 — MOJCTaBKa;

3 — uHAMKATOP; 4 — IUTOK MHAMKATOPA

Figure 1 Installation for determination of free expansion of
mortars based on composite binders, curing under closed
conditions

1 — metal cup; 2 — holder;

3 —indicator; 4 — indicator stem

CyIIHOCTh 3TOTO METOJa 3aKII0YaeTCss B TOM, YTO CIie-
HUAJIBHBIC MCTAJUIMYCCKUC CTaKaHbl HAIIOJIOBUHY 3aIlOJIHA-
IOTCA MPUTOTOBJICHHBIM PACTBOPOM HAa OCHOBC KOMITO3HIU-
OHHOT'O BSDKYIIETO, U Jjajiee 3TOT PacTBOpP IUTHIKyeTcs 5—6
pa3. Ilocme dYero B IWIMHAP NOCTEIIEHHO JO0aBIsACTCS
OCTaJbHAs YacTh CMECH, HE JOXOMIs O BEpXHEro Kpas 2—3
MM, ¥ TIPOBOJHTCS MOBTOPHOE IITHIKOBaHUE. J{JIs TIpemoT-
BpaIllcHUsS WCIApEHUs BOIBI C IOBEPXHOCTH pacTBOpa
CBEpXy pacrojlaraeTcs IUIaCTUKOBas IUIACTHHA M HaJIMBa-
€TCsI Ba3eIIMHOBOE MAaCJIO.

YcTaHOBIEHHBIM Ha TIOBEPXHOCTH IIYIIOM JaT4YHKa JIH-
HEHHBIX nedopMaruii GUKCHpyeTcs HadalbHOE MOKa3aHHe
oTcu€ra. Mexly CHATHEM HayaJIbHOTO TIOKa3aHUs U BpeMe-
HEM 3aTBOPEHUS] CMECH Ha OCHOBE KOMITO3UIIMOHHOTO BSIXKY-
IIero mpoxout He dosee 30 MUHYT.

Pe3yJ'll)TaTbI " UX 06cy>l<)1e}me

Xumudeckuii coctaB ycpenneHnoi npoost CKII mpen-
cTaBiicH B TaOnuie 3. MUHEpaTOTHYECKUI COCTaB yCpea-
HenHol npo6s1 CKII npencrasnen B Tabnuie 4.

3a OCHOBY JUISl MICCIIEAOBAHUI PEOJIOTHUECKUX CBOWCTB
0 TIapaMeTpy ycaJlKa-paclIMpeHHe IIEMEHTHOTO PacTBOpa
BSDKYILEH KOMIIO3UIMU OBLT B3AT PEKOMEHAYEMBIN IHama-
30H COOTHOIICHHUH [UI HAJMBHBIX ITOJIOB IO PACXOIY BSIKY-
mmwmx [15]: mopraananement - 35-40%, amOMUHATHBIN Iie-
MeHT - 3—10%, rumnc - 0-5%.

TABJIUIA 3 XUMHUYECKHA COCTAB CKIII
Table 3 Chemical composition SLS

according to GOST 31358.

The chemical and mineralogical composition of SLS was
determined on the S8 Tiger X-ray spectral analyzer (Bruker).
The mineralogical composition of SLS was investigated us-
ing a D2 Phaser X-ray diffractometer (Bruker), mineral con-
tent was calculated using the Rietveld method. The grinding
of samples SLS was carried out in a laboratory ball mill.

Linear deformations of composite binders under isolated
curing conditions were determined using the method for de-
termining the free expansion of cement mortars based on
composite binders, which is described below. The schematic
of the installation is shown in Fig. 1.

The essence of this method is that special metal cups are
half-filled with prepared mortar based on composite binder,
and then this mortar is rodded 5-6 times. After that, the rest
of the mixture is gradually added to the metal cylinder, not
reaching the upper edge of 2-3 mm, and the rodding is re-
peated. To prevent water evaporation from the surface of the
solution, a plastic plate is placed on top and Vaseline oil is
poured in.

The initial readout is recorded with a linear strain gauge
probe placed on the surface. A maximum of 30 minutes
elapses between the initial reading and the mixing time of the
composite binder mixture.

Results and discussion

The chemical composition of the averaged sample SLS is
presented in Table 3. The mineralogical composition of the
averaged sample SLS is presented in Table 4.

The recommended range of ratios for poured floors in
terms of binder consumption [15] was taken as a basis for
investigating the rheological properties of the shrinkage-ex-
pansion parameter of cement mortar binder composition:
portlandcement - 35-40%, aluminate cement - 3-10%, gyp-
sum - 0-5%.

Copep:xaHue oKcua0B, Mac.% IoTepn npu Buara, %
Oxide content, wt.% npokanusanuu, % | Moisture,
SiO2 ALO; Fe203 CaO MgO Na20 K20 Loss on ignition, % %
11,43 21,65 9,47 49,82 7,08 0,06 0,03 0,22 0,07
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TABJIAIA 4 MUHEPAJIOTHYECKHAN COCTAB CKIII

Table 4 Mineralogical composition SLS

Munepan DopmyJia Copnep:xanne, mac.%

The mineral The formula Content, wt.%
e e a0
mz;‘::ﬁz (12Ca0-7AL,03) 17,56
Eg;‘ﬁg (2Ca0-ALOsSi02) 3,41
TR (@2030510:
belite. . medificaion” (p-2Ca05i02) 25,17
e L (r2c0510)
Petelase. (MgO) 1395
(0

B kadecTBe aIFOMUHATHOTO KOMITOHEHTA B TAKUX COCTa-
BaX, KaK MMPaBUIIO, UCIIOJIb3YETCS TIIMHO3EMHUCTBIN UITH CYJTb-
(hoaTFOMUHATHBIH [IEMEHT, B KaUeCTBE CYIb(PATHOr0 KOMITO-
HEHTAa - TOTyBOAHEIH rrric [23-27].

B pabote uccieq0BaHbl BIUSHUS BUIOB CyJib(hara Kalb-
1UsI Ha PACIIUPEHHE IEMEHTHOT'O KAMHSI B KOMITO3UIIMOHHOMN
BSDKYILIEH CHCTEME Ha OCHOBE CTaleIJIaBUIIBHOTO IIITaKa, KO-
TOPBIil BHICTYNAET B KAYECTBE aTFOMUHATHOIO KOMITIOHEHTA.
N3MmeHeHne TUHEWHBIX pa3MepoB 00pa3IioB Ha OCHOBE KOM-
MO3MITUOHHOT'O BSIKYILETO ABJIACTCA KOCBCHHBLIM ITOKa3aTe-
JIEM CKOPOCTH O0pa30BaHWs KPHCTALUIOTHIPATOB MPHU €ro
TBepaeHuH. [1o3TOMy pe3ynbTaThl HccienoBanus aedhopma-
WU YCaIKHU-PACHIUPCHUS 00Pa3IOB MOKA3BIBAIOT CTCIICHB
TUApaTallii M SBJSIFOTCS KOJHYSCTBEHHBIM ITOKa3aTeleM
CKOPOCTHU POCTa KPUCTAJUIOTHIPATOR.

Ha nepBoM 3Tarie SKCIepruMeHT ITPOBOAMICS Ha TPEX MO-
JIIIbHBIX COCTaBaX CO CIEAYIOIICH NO3UPOBKONH MUHEPAJb-
HOM YaCTH KOMITO3UIIMOHHOTO BSDKYIIET0: MOPTIAHALEMEHT
(manee IT1) — 70%, CKII - 25%, momyBOgHBIH THIIC O-, -
momudukammii (CaxS040,5H,0) — 5% u wu3Bects cTpou-
tenbHas (Ca(OH)2) — 1%. (cM. Tabmuiy 5).

As a rule, alumina or sulphoaluminate cement is used as
an aluminate component in such compositions, and hemi-hy-
drate gypsum is used as a sulphate component [23-27].

The paper investigates the effects of calcium sulphate
species on cement stone expansion in a composite binder
system based on steelmaking slag, which acts as an alumi-
nate component. The change in linear dimensions of samples
based on composite binder is an indirect indicator of the rate
of crystalline hydrate formation during its hardening. There-
fore, the shrinkage-expansion strain results of the samples
show the degree of hydration and are a quantitative indicator
of the growth rate of crystalline hydrates.

At the first stage the experiment was carried out on three
model compositions with the following dosage of the mineral
part of the composite binder: portlandcement (hereinafter re-
ferred to as PC) - 70%, SLS - 25%, hemi-hydrate gypsum of
a-, B-modifications (Ca;SO04-0,5H,0) - 5% and construction
lime (Ca(OH),) - 1%. (see Table 5).

TABJIMIA 5 COCTAB KOMITIO3UIITNOHHBIX BAXKYIINX HA OCHOBE CKII

Table 5 Composition of SLS-based composite binders

MoayBoauslii runc, %
Homep CKII, Hemi-hydrate gypsum, % H3zBecTh
cocraBa Mopraanauement, %o % Mapxka 'BBC-16 Mapka I'-5 B 11 crpouTeabHasi, %
Composition Portlandcement, % SLS, (o-mMoguduKamus) (B-Mmonuduxamms) Construction
number % Mark GVVS-16 Mark G-5 B II lime, %
(a-modification) (B-modification)

1 714 25,7 ; 2.9 .

2 69,1 27,6 3,3 ] ]

3 69,4 25,0 - 2,8 0,8

Pe3yJ'H)TaTI)I OIPCACIICHHUS IMOKa3aTeIA CBO6OHHOFO pac-
MIUPCHUA B IICPBLIC CPOKU TBEPACHUA MMPEACTABIICHBI HA pU-

CyHKe 2.

Kak BUIHO U3 NOJYYCHHBIX PE3YyJIbTATOB, MO,I[I/I(bI/IKaLII/IH

The results of free expansion index determination at the
first age hardening times are shown in Fig. 2.

As can be seen from the results obtained, the modifica-

THUIICa B COCTaBe KoMno3unnoHHoro Bspxymero I11 / CKIII
WUTpacT BAXHYIO pONb NIPU PACOIMPEHHH 3aTBEpIIeBIICH

tion of gypsum in the composition of composite binder PC /
SLS plays an important role in the expansion of hardened
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HeMeHTHOﬂ I1aCThI. KOMHOSI/IL{I/II/I C IMOJIYBOAHBIM T'HIICOM 0OL-
Moaudukanun o0ycnoBiuBalOT pacimpenune Ha 20 %
Ooutbllle BO Bce CPOKM TBEPAEHHS, YeM IPH MCIIOJIb30BAaHUU
MOJYBOZHOTO THuIca 3 -Moaudukanmy.

[MockonbKy 11 00pa30BaHMs PaCIIMPSIIONIETOCS areHTa,
B JIAaHHOM CIIy4ae STTPUHTUTA HEOOXOANMO OIpeeIeHHOE
KOJIMYECTBO M3BecTH [28], TO HaMu OBUIM HMPUTOTOBJICHO H
WCTIBITAaHO KOMITO3UIIMOHHOE BSDKYILEE C MOTYBOJHBIM THII-
coM [} -MOIu(UKAINN U CTPOUTEIBHOH M3BeCcThI0. [lomyueH-
HBIE PE3YNIbTaThl CBUAETEIBCTBYIOT, YTO PACIINPEHHE yBe-
nnumnBaetcsa Ha 50%

[lony4eHHbIE NaHHBIE MO PACIIUPEHUIO0 KOMIIO3UIIMOH-
HbBIX BsDKYIIHMX CONOCTaBUMBI C JAHHBIMU II0 HPOYHOCTHU
(Tabnuua 6) 3aTBEpAEBIINX PACTBOPOB Ha OCHOBE MOJIEIb-
HBIX COCTaBOB, M3TOTOBJICHHBIX C HAIIOJIHUTEIIEM.

PUCYHOK 2

JUHEWHBIE JE@OPMALIMU KOMIIO3UIIA-
OHHBIX BSIXKYIIUX

Cocras Nel

M1 / CKL / MosyBoaubiii rumnc f -mogudukanum;
CocraB Ne2

1L/ CKII / IToryBoaHbIi rumnc a-MoaugpuKanuu;
CocTtaBNe3

M1 / CKII / HoxyBoauslii rumnc f -MognduKanun
/ A3BecTh CTPOMTEIbHAS

400

300

200

100

PECHIH])BHHB, MKM

Figure 2

Linear deformations of cement samples
Composition No 1

PC / SLS / Hemi-hydrate gypsum B-modification;
Composition No 2

PC / SLS / Hemi-hydrate gypsum a- modification;
Composition No 3

PC /SLS / Hemi-hydrate gypsum f§ - modification /
Construction lime

-100

VYeaaka, MKM

cement paste. Compositions with semi-aqueous gypsum of
a-modification cause 20 % more expansion in all curing
times than with semi-aqueous gypsum of -modification.

Since a certain amount of lime is necessary for the for-
mation of an expanding agent, in this case ettringite [28], we
prepared and tested a composite binder with semi-aqueous
gypsum [} -modification and building lime. The results ob-
tained show that the expansion increases by 50%

The obtained data on the expansion of composite binders
are comparable with the data on the strength of hardened
mortars based on model mortars made with filler (see Table
0).

[ 3
[ 3

14 28

E BpemsA TBepIeHHA. CYTKH

—+—Cocra 1 —®—CocraB2 —&—CocraB 3

TABJIULA 6 TIPOYHOCTDH 3ATBEPJEBIINX PACTBOPOB C HAIIOJIHUTEJIEM, TIPUT'OTOBJIEHHBIX
N3 KOMITIO3ULITUOHHBIX BSIXKYIHIUX HA OCHOBE CKIII
Table 6 Strength of hardened mortars with filler prepared from composite binders based on the SLS

Homep IIpounocts npu u3rude, MIla, B Bo3pacte
cocTaBa Strenght bending, MPa, at the age of
Composition 1 cyTox 7 cyTOK 14 cyTok 28 cyTok

number 1 day 7 days 14 days 28 days
1 3,0 4,3 6,4 7,3
2 33 5.4 6,7 7,5
3 4,1 7,1 7,6 8,7

BruiBoabI Conclusions

B pabote mcciemoBaHbI JNWHEHHBIE AedopManuy Ie-
MEHTHBIX PAaCTBOPOB Ha OCHOBE KOMIIO3HI[MOHHBIX BSIKY-
IIMX, MOJIYYCHHBIX C KCIOJB30BAHHEM OTXOZa CTajeria-
BUJIBHOTO MPOU3BOACTBA. Pa3paboTaHHbIC MOICIBHBIC CO-
CTaBbI KOMITO3UITMOHHBIX BSDKyHII/IX COOTBCTCTByIOT
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The paper investigates linear deformations of cement
mortars based on composite binders obtained using
steelmaking waste. The developed model compositions of
composite binders meet the requirements for self-leveling
systems by the expansion parameter of hardened cement
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TpeOOBaHUSM LIl CAMOHHMBEIUPYIOLIMXCS CUCTEM 110 T1apa-
METpyY pacIIUpeHus 3aTBEpAEBIIECH LIEeMEHTHOI! TacTHI B Iep-
BbI€ CYTKU TBEpJeHHM, kKoTopoe coctaBuio 170-320 mxm.
MaxkcumanbHOE pacuIMpeHHe JOCTUTaeTCs 3a CUET BBEICHUS
M3BECTH B COCTAB BSOKYILECH KOMITO3ULINH /IS YCKOPEHHS 00-
paszoBaHus TTpUHrUTa N3 MaiiennTta 12Ca0-7Al,0s. [Momy-
YEHHBIE Pe3yJIbTATHI I03BOJISIIOT CYJUTh O IEPCIEKTUBHOCTH
WCTIONIb30BaHMS CTAICIUIaBHIILHOTO KOBIIIEBOTO MITAKA B Ka-
YECTBE AJTIOMUHATHOW COCTABIISIOIICH BSDKYLIEH KOMIIO3M-
UM CyXOH CTPOMTENHHOW CMECH Ul HAJIMBHBIX IOJOB.
JlanpHelmue WCCIeNOBaHMS B IAHHOM HAallpaBIICHUH
JIOJDKHBI OBITH HAaIIPaBJICHBI HA!

- ONTHMH3ALHUIO BSDKYLIEH KOMIO3MIHMK MO (DYHKIHO-
HaJIbHBIM J100aBKaM;

- UCCIIeZIOBaHue ITUX 100aBOK Ha MOP(]OIIOTHIO U CTPYK-
TYpBI 00pa3yIoKXCsl KPUCTAIUIOB STTPUHIUTA IIPH THpaTa-
IUH BsDKyLed komno3unuu Ha ocHoBe CKIII;

- U3y4YEHUE CBOICTB 3aTBEPAEBIINX PACTBOPOB;

- HCCIIeJIOBaHHE JIOJTOBEYHOCTH, MOPO30CTOMKOCTH H
KOPPO3MOHHOW CTOMKOCTH PpacTBOPOB HAa OCHOBE CYXHX
CTPOHTENBHBIX CMece, copeprkamux B cBoéM coctaBe CKIII
B KQUECTBE AJTFOMUHATHOTO KOMITOHEHTA.

ITepepaboTka cTalleIIaBMIIBHBIX IIJIAKOB 3aBOJOB U&p-
HOH MeTaJutypruu siBisiercsi d3QQPEeKTUBHBIM CIOCOOOM HX
YTHIU3AIUH, YTO ONArompHsITHO CKaXETCS Ha IKOJOTHYe-
CKOIl 00CTaHOBKE, a TAK)KE Ha SKOHOMHUKE ITPEATIPHUATHIA, -
Basi BO3MOKHOCTb MOJYYHUTh IICHHbIE TOBAPHbIC MPOTYKTHI.
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paste in the first day of hardening, which was 170-320 pm.
Maximum expansion is achieved by introducing lime into the
binder composition to accelerate the formation of ettringite
from mayenite 12Ca0O-7Al,0s. The obtained results allow us
to judge about the promising use of steelmaking ladle slag as
an aluminate component of the bind-er composition of dry
building mixes for poured floors. Further research in this di-
rection should focus on:

- optimization of binder composition by functional addi-
tives;

- study of these additives on morphology and structures
of formed ettringite crystals during hydration of SLS-based
binder compositions;

- study of the properties of mortar stone;

- study of long-time performance of concrete, freeze-
thaw durability and corrosion behavior of mortars based on
dry construction mixtures containing SLS as an aluminate
component in their composition.

Recycling of steelmaking slags from ferrous metallurgy
plants is an effective way of their disposal, which will have
a positive effect on the environmental situation, as well as on
the economy of enterprises, making it possible to obtain val-
uable commercial products.
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