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AHHOTANUA

Paboma noceawena oyenxe s¢hpexmusnocmu 0oMeHHO20 epanyIuposanto2o uiiaxka Yepenoseykozo Memannypeuueckoeo
Kombunama («epMK») u 603mo01cHoCcmu nonyuenus uz Hezo wiiakonopmuanoyemenma muna L{EM III. Onpedenen xumuro-
MUHepano2uiecKuli cocmas u uzuxo-mexuudeckue ceoticmea unaxa « 4epMKy. Ilokasano, umo winax coomeemcmeyem mpe-
oosanuam I'OCT 3476-2019 «Lllnaxu domennvle u 31eKmpomepmogoc@opruvle epanyruposantvie 0as NPOU3BOOCMEA YeMeH-
MO8y, U NOIMOMY MOdicem Obimb UCNONL30BAH 8 Kadecmee 000a6KU 0 NPOU3BOOCMEa uliakonopmiarnoyemenma (mun LIEM
11I). U3yueno enusnue cooepoicanusn 0omennoeo uwiiaka « 4epMKy» na akmuenocms no npoYHOCmU uiaKoNoOpmIaHoyeMeHma
muna LJEM III. Ilokazano, umo winak 8 konuvecmee 15-20 % obecneuusaem naubonvuwiuti pocm akmusrnocmu LIEM 111, a npu
25-30 % oocmuzaemcs MapouHas nPOYHOCMb CONOCMABUMAS C NPOYHOCMbIO nopmaanoyemenma LIEM 1 52,5. Jlna nonyyenus
wiiakonopmaanoyemenma muna L{EM I11/A ¢ knaccom no npounocmu 32,5 u npu goooyemenmuom omuowernuu 0,5 cooeporca-
nue winaxa « YepMK» ne npesviiwaem 60 %.

KJIFOUEBBIE CJIOBA: OomenHblll 2panyiuposantblil uliax, WwiakonopmiaHoyemMenm, pasmoiocnocoOHOCmb, aKmue-
HOCMb HO NPOYHOCHI.
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ASSESSMENT OF THE EFFICIENCY OF BLAST-FURNACE GRANULAR SLAG AND THE
POSSIBILITY OF OBTAINING FROM IT PORTLAND SLAG CEMENT OF TYPE CEM 111
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ABSTRACT

The work is devoted to the assessment of the efficiency of blast-furnace granulated slag from the Cherepovets Metallurgical
Plant (CherMK) and the possibility of obtaining slag Portland cement of the CEM III type from it. The chemical and miner-
alogical composition and physical and technical properties of the CherMK slag have been determined. It has been shown that
the slag meets the requirements of GOST 3476-2019 “Blast furnace and granulated electrothermophosphorus slags for cement
production” and can therefore be used as an additive for the production of slag Portland cement (type CEM III). The influence
of the content of blast furnace slag "CherMK" on the strength activity of slag Portland cement type CEM Il was studied. It has
been shown that slag in an amount of 15-20% provides the greatest increase in the activity of CEM III, and at 25-30%, grade
strength comparable to the strength of Portland cement CEM I 52.5 is achieved. To obtain slag Portland cement of type CEM
1II/A with a strength class of 32.5 and a water-cement ratio of 0.5, the content of CherMK slag does not exceed 60%.
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BBEJIEHUE

CoBpeMeHHasT TEHJCHIMSI MPOU3BOJACTBA OOIECTPOU-
TEJBHBIX IIEMEHTOB, Kak B Poccu, Tak u 3a pyOekoM Hale-
JICHAa Ha CYIICCTBCHHOC PACIIUPEHHUE PAa3HOBUIHOCTEH MHU-
HEpaITbHBIX J00aBOK M WX JOITyCTUMOTO coaepkaHus. s
uemenToB rpynnsl LIEM Il conepskanue 1OMEHHBIX U 3JIEK-
TpoTepModochopHBIX IMITAKOB yBenudeHo a0 95 %, T.e. B
cocTaBe [[eMEHTa KOINIECTBO KIIMHKEPHOH 9acTH HE MPEBbI-
maet 5 %. [TonoOHas MUpOBas TEHACHIMS CBs3aHa C yIepo-
HOCTBIO TEXHOJIOTHH IPOM3BOJCTBA OOIIECTPOUTEIHFHOTO
nopTianaleMenTa. M3BecTHO, 9TO TpH TOMYyYEeHUH €ro
KJIMHKEpa BBIACIIOTCS 3HAYUTENIbHBIC OOBEMBI YIJICKUC-
noro raza (nmopsiaka 900 kr Ha 1 TOHHY KJIMHKepa), BCIE/-
CTBHC pa3JIOKCHUS KapOOHATAa KaJbIMS U COKUTAHUS TOII-
nuBa. [Ipu 3TOM cyMMapHas IOJisl BBIIEISIEMOTO YIIICKUC-
JIOTO Ta3a IPH MPOU3BOCTBE MOPTIAHANIEMEHTA COCTABIISACT
7-8 % oT Bcero o0beMa T.H. TAPHUKOBBIX Ta30B, KOTOPEIE,
KaK M3BECTHO, BECbMa HETAaTHBHO OTPAXKAIOTCS HA COCTOSI-
HUU atMochepbl 3eMiTH, BBI3bIBas e€ moreruieHue [ 1-2].

[MoMrMoO 3TOTO, MPOWU3BOACTBO IIEMEHTHOTO KIMHKEpa
COIIPOBOKIAETCSI BRICOKMM PAcXOJOM YCJIOBHOTO TOIUIMBA
Ha o0Xur (215 Kr/T), CyImIECTBEHHBIMHU 3aTpaTaMH 3JIEKTPO-
sreprun (119 kBt*yac/na ToHHy «umctoroy» I111500/10) u
OTPOMHBIMH 00BEeMaMH KaphEPHBIX BHIPAOOTOK M3BECTHSKA
u rmnsl (Ha 1 T L0 Tpebyercs ot 1,5 mo 2,4 T HepyaHOTO
CBIPBS).

Bcé 31O ompenenser riaBHYK SKOJOTMYECKYHO IIPO-
OyieMy, CTOSIIYIO Mepe]] MEPOBOI [IEMEHTHOM MPOMBIIILICH-
HOCTBIO M CTPOUTEILCTBOM, 3aKJIFOYAIOIIYIOCS B CHIDKCHHU
KIMHKEPOEMKOCTH MPOU3BOJIUMBIX IIECMEHTOB U OCTOHOB Ha
ux ocHose [3-9].

Bropas mo 3HaumMocTH 3KONOTHYECKas mpobiemMa —
KPYITHOTOHHA)XHBIE OTBaJbl METAJUTYPTHUECKUX IIPOU3-
BOJICTB W TEIUIOAJICKTPOIICHTPAJICH, HEraTUBHO BIIUSIOIINE
Ha OKPY)KaIOLIYI0 CPely U JKU3HEAEATEIIbHOCTh YeNIOBEKa.
Hampumep, cerogns B Poccun nefictByet coimie 100 mpouns-
BoauTeneil yepHeix MeTaymioB u 170 TOII, kotopbie pabo-
TalOT Ha YTOJILHOM TOIUTMBE U UMEIOT KOJIOCCANbHBIE 3aJIEXKU
30J101U1aK00TBaNOB. O01Iee HAKOIUIEHUE 3TUX OTXOJIOB JI0-
cruraet nopsiaka 1,5 mupa. ToHH. [Ipu 3ToM yTHIM3upyeTes
u npumensiercs Bcero 1,5-2,1 MJIH. TOHH UX TOJIOBOTO BBI-
xo/a.

B cBsi3u ¢ BBIIECKAa3aHHBIM HEJIbI0 PAGOTHI SBISACTCS
oreHka A3((EKTUBHOCTH TOMEHHOTO TpaHYJIHMPOBAHHOTO
nutaka Yepenosernkoro Metamryprudeckoro KomOwnHara
JUTS TIONMYYEHHS C €TO MPUMEHEHUEM THAPABINIECKOTO Bsl-
JKYIIETO.

Jng peammzanuy TMOCTaBICHHOW MeIH HEOOXOIUMO
OTIpPENeNUTh XUMHUYECKUH M MHUHEPaTOTHYECKHH COCTaBBI
JIOMEHHOT'O TPaHyJHUPOBAHHOTO IIlJIaKa, er0 (U3UKO-TCXHU-
YECKUE CBOICTBA, KPUTEPUH Pa3MOJIOCIIOCOOHOCTH, OMTH-
MHU3HUPOBaATh COJIEP)KAHUE JOMEHHOTO T'PaHYJIUPOBAHHOTO
nuiaka Juis nemenToB kiacca [IEM III/A 32H u onpenenuthb
BIIMSIHUE TUTICOBOTO KaMHS HA aKTUBHOCTH IO MPOYHOCTH
NUIAKOMPOTIAHANIEMEHTA.

MeTtoabl 1 MaTepHaIbI

B pabote ObIH MCIIOIB30BaHbI CIIETYIONIHE MaTEPHATIbBL:
1.lomeHHBI# TpanymupoBaHHbIi mak «4epMKy (AT
YepMK) Yepemnosenkoro Meramnyprudeckoro Kombnnara

INTRODUCTION

The modern trend in the production of general construc-
tion cements, both in Russia and abroad, is aimed at signifi-
cantly expanding the variety of mineral additives and their
permissible content. For cements of the CEM III group, the
content of blast furnace and electrothermophosphorus slags
is increased to 95%, i.e. the amount of clinker in the cement
composition does not exceed 5%. This global trend is asso-
ciated with the inadequacy of the technology for producing
general construction Portland cement. It is known that during
the production of clinker, significant volumes of carbon di-
oxide are released (about 900 kg per 1 ton of clinker), due to
the decomposition of calcium carbonate and fuel combus-
tion. At the same time, the total share of carbon dioxide emit-
ted during the production of Portland cement is 7-8% of the
total volume of so-called greenhouse gases, which, as is
known, have a very negative impact on the state of the
Earth’s atmosphere, causing its warming [1-2].

In addition, the production of cement clinker is accompa-
nied by high consumption of conventional fuel for firing
(215 kgft), significant energy costs (119 kW*h/t of “clean”
PC500D0) and huge volumes of quarry workings of lime-
stone and clay (1.5 to 2.4 tons of non-metallic raw materials
are required for 1 t of PC).

All this defines the main environmental problem facing
the global cement industry and construction, which consists
of reducing the clinker capacity of produced cements and
concretes based on them [3-9].

The second most significant environmental problem is
large-tonnage waste dumps from metallurgical production
facilities and thermal power plants, which negatively impact
the environment and human life. For example, today in Rus-
sia there are over 100 producers of ferrous metals and 170
thermal power plants that operate on coal fuel and have co-
lossal deposits of ash dumps. The total accumulation of this
waste reaches approximately 1.5 billion tons. At the same
time, only 1.5-2.1 million tons of their annual output are uti-
lized and used.

In connection with the above, the aim of the work is to
evaluate the efficiency of blast furnace granulated slag of the
Cherepovets Metallurgical Plant for obtaining a hydraulic
binder using it.

To achieve the set goal, it is necessary to determine the
chemical and mineralogical composition of blast furnace
granulated slag, its physical and technical properties, grinda-
bility criteria, optimize the content of blast furnace granu-
lated slag for cements of class CEM III/A 32N and determine
the effect of gypsum stone on the strength activity of slag
protland cement.

Methods and materials

The following materials were used in the work:

1. Blast furnace granulated slag "CherMK" (DGSh
CherMK) of the Cherepovets Metallurgical Plant of the Ya-
kovlevskoye deposit, produced by PAO Severstal;

2. Portland cement CEM 1 52.5N produced by JSC Mor-
dovcement, complying with GOST 31108-2020;

3. Gypsum rock produced by Ergach LLC (Perm Krai,
Kungursky District), which was a ground powdery white
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SxoBneBcKoro MecTopoxaeHus, mpousBoaumslii [TAO «Ce-
BEpCTaNby;

2. Moptnanauement LIEM 1 52,5H npoussoactea AO
«Mopnosuement», coorserctyrouuii 'OCT 31108-2020;

3. T'uncoseiii kamensp mnpoussoactsa OOO «Eprauy
(ITepmckwuii kpaii, KyHrypckuii paifoH), KOTOpPBIH TIpeicTaB-
Js171 coOOH MOJIOTBIN TTOPOIIKOOOpa3HbIM MaTepuai 6enoro
I[BETA CO CIEAYIOIIUMH (PHU3NKO-TEXHUYECKUMH CBOM-
CTBaMH: BIaXHOCTH 1o Macce 0,1 %, HachImHas MIOTHOCTh
1,08+0,01 r/cm®, octarok Ha cute 0,2 MM — 9 %, yaeabHas
noBepxHocTh 3270 cM/T.

OIIeHKY CBOWCTB MaTe€pHaJOB OCYIIECTBISUIA CIEHYIO-
IIMMH METO/IaMU:

1. XMMHKO-MHUHEPANTOTHYEeCKU COCTaB IIIaka OIpese-
JSUTH B AHaJIMTHKO-TEXHOJIOTUYECKOM CepTH()UKAIIMOHHOM
ucneitarenbHoM HeHTpe nmpu AO «LleHTpanbHBIA Hay4dHO-
UCCIIeI0BATENbCKUI HHCTUTYT I'€0JIOTHH HEPYJHBIX HCKOIIa-
embix» (PT, r. Kazanp). [yt 3TOro ObUIM HMCIOIB30BAHbI
cnekrpomerp OPTIMA 4300 DV u cnekrpodoromerp
K®K-3-01.

2.V ienpHy!0 TOBEpXHOCTH (Sy;) mo meroxy Kozemnm-
Kapmana, OCHOBaHHOTO Ha BO3AyXOIIPOHHUI[AEMOCTH 1 ITOPH-
CTOCTH yIUIoTHEHHOTO cjos nopomka (I'OCT 310.2-76);

3. VcTHHHYIO 1M HACBITHYIO IUIOTHOCTB, ITyCTOTHOCTH,
BIIQKHOCTH, onpeaessuiu B cootBercTBUU ¢ 'OCT 8735-88;

4. BnaxHOCTh IIUTaKa U cojiep)kKaHue B HEM KaMHEBU-
ueIX yactul — mo 'OCT 3476-2019;

5. @U3UKO-MEXaHUYECKUE CBOMCTBA MOPTJIAHILIEMEHTA
(HOpMasbHasi TYCTOTa, PABHOMEPHOCTh M3MEHEHUS 00beMa,
aKTHBHOCTH 110 IpoyHOCTH 1 Jip.) — 1o OCT 30744-2001;

6. Koadduiment kadectBa Ipu COAEPXKAHUM OKCHIA
marHusa 6onee 10 % paccunTsiBasM 1o ciexyromiei ¢op-
MyJIe:

material with the following physical and technical proper-
ties: moisture content by weight 0.1%, bulk density
1.08+0.01 g/cm?, residue on a 0.2 mm sieve — 9%, specific
surface area 3270 cm?/g.

The properties of materials were assessed using the fol-
lowing methods:

1. The chemical and mineralogical composition of the
slag was determined at the Analytical and Technological
Certification Testing Center at JSC Central Research Insti-
tute of Geology of Non-Metallic Fossils (Republic of Ta-
tarstan, Kazan). For this purpose, the OPTIMA 4300 DV
spectrometer and the KFK-3-01 spectrophotometer were
used.

2. Specific surface area (Ssp) according to the Kozeini-
Karman method, based on the air permeability and porosity
of the compacted powder layer (GOST 310.2-76);

3. True and bulk density, voidage, and moisture content
were determined in accordance with GOST 8735-88;

4. Slag moisture content and the content of stone-like par-
ticles in it — according to GOST 3476-2019;

5. Physical and mechanical properties of Portland cement
(normal density, uniformity of volume change, strength ac-
tivity, etc.) — according to GOST 30744-2001;

6. The quality factor for magnesium oxide content over
10% was calculated using the following formula:

%Ca0 + %ALO; + 10

K=

(1

%Si0; + %TiO; + %(MgO — 10)

Jlyist KOMYeCTBEHHON OlleHKH (D (PEKTUBHOCTH TIOMOJIA
BBEJICHBI CIIEAYIOIIUE TapaMeTPhI:
- K03 (QUIHUEHT Pa3MOIOCIIOCOOHOCTH, M>/MHUH:

KP=(S2 - S]) 'm/At

rae: S; — yJedbHas MOBEPXHOCTh B HAYAILHOE BPEMS Tj;
S> — ynenbHas MOBEPXHOCTh 4Yepe3 OMpe/IeICHHOES
BpeMsi TOMoJIa 72;
At = 15-1; (MUH);
m — Macca U3MeJIb4aeMoro MaTepuana, Kr

- yaenbHble 3Hepro3arpartsl (3, kBT ‘uac/m?) Ha pupocT
€/IMHUIIBI yIENbHOM TIOBEPXHOCTH (M2/KT):

=N «At/(m +4S)

rie: N — MOIIHOCTb AJIEKTPOJBHUIATEIIsl MEIbHULEL, KBT;
At — Bpems niomMona (4ac);
AS — TpupoCT ynenbHOM moBepxHOCTH (MZ/KT) 3a
BpeMs moModa At (4ac).

8. Moaynb OCHOBHOCTH PacCYHUTBIBAIIH 110 (hOpMyJIe:

To quantitatively evaluate the grinding efficiency, the
following parameters were introduced:

- grinding capacity coefficient, m?/min:

(@)

Where:

S1 — specific surface area at the initial time 7;

S — specific surface area after a certain grinding time 72;
At = 1217 (min);

m — mass of crushed material, kg

- specific energy consumption (E, kW *h/m?) per unit
increase in specific surface area (m?/kg):

3

Where:

N — mill electric motor power, kW,

At — grinding time (hour);

AS — increase in specific surface area (m%kg) during
grinding time Az (hours).

8. The basicity modulus was calculated using the
formula:

M, = (CaO + MgO)/(SiO, + ALO3) @)
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9. Mojysb aKTUBHOCTH PacCYMTHIBAIIH 110 GopMyJie:

M,= Al,05/S10,

10. AKTHBHOCTH 1O HPOYHOCTH HPHU U3ruOE M CXKATHH
pactBopHBIX 00pa3io — nmo 'OCT 30744-2001;

Pe3yabTaTsl U 00Cy:KIEHUS

Ha nepBom sTamne paGoTsl ObUT OnpeieNieH XUMHUKO-MH-
HEepaJloTHYECKUil CcOCTaB JOMEHHOTO TI'PaHyJIHPOBAHHOTO
nuiaka «4epMK». XuMudeckuil cocTas 111aka NpeACTaBIeH
B Tabm. 1.

B cootBerctBum ¢ tpedoBanmsvmu ['OCT 3476-2019 s
IIJIaKa, IPUMEHSIEMOr0 B KauecTBe J00aBKH NPH MIPOU3BOA-
CTBE IIEeMEHTa, ObljIa OIpe/IelieHa COPTHOCTD (Tabi. 2).

9. The activity module was calculated using the formula:

(&)

10. Activity in terms of flexural and compressive strength
of mortar samples — according to GOST 30744-2001;

Results and discussions

At the first stage of the work, the chemical and
mineralogical composition of the granulated blast furnace
slag from CherMK was determined. The chemical
composition of the slag is presented in Table 1.

In accordance with the requirements of GOST 3476-
2019, the grade was determined for slag used as an additive
in cement production (Table 2).

TABJIAIA 1 XUMAYECKHANA COCTAB JJIOMEHHOI'O T'PAHYJIMPOBAHHOTI'O IIIVIAKA YepMK
Table 1 Chemical composition of blast-furnace granulated slag of CHerMK

HaunmenoBanue MaccoBas 10151, % Ha a06COJTIOTHO CYXyI0 HABECKY
MaTepuaJia Mass fraction, % on absolutely dry sample
Name of S$i02 | TiO: | ALO: | Fe20s | MnO | CaO | MgO | Na;O0 | K20 | P20s | SOs | mmm
material
AT YepMK
BLAST-FUR-
NACE GRANU- | 39,89 1,96 10,20 0,71 0,37 35,37 | 10,07 0,29 0,45 0,08 2,08 <0,10
LATED SLAG
OF CHERMK
TABJINIA 2 COPTHOCTSB IIINTAKA B BABUCUMOCTHU OT XUMHUUYECKOI'O COCTABA
Table 2 Grade of slag depending on chemical composition
Hopma nas coproB nmo 'OCT 3476-2019 Darnaeckue
Ne HaumeHoBaHMe moka3aTeJisi Standard for grades according to GOST
n/n Name of the indicator 3476-2019 JANIbIC
1 2 3 Factual data
Kos¢durment xauectsa, He MeHee

! Quality factor, not less than 1,65 1,43 1,2 1,33
CogaepxaHue okcuaa amoMuHus, %, He Me-

2 Hee 8 7.5 HE HOpMHPyeTCH 10,2
Aluminum oxide content, %, not less than not standardized

3 Copeprxanue okcuna Maraus, %, ue 6omuee 15 10.07
Magnesium oxide content, %, not more than ’

4 CopepxaHne TUOKCUIA TUTaHa, %, He Ooliee 4 1.96
Titanium dioxide content, %, not more than ’
ConepxaHue OKCHIa MapraHiia, He 6onee

5 . 2 3 4 0,37
Manganese oxide content, not more than

6 CopeprxaHre HOHa XJI0pa, He Oosee 0.1 HET
Chlorine ion content, not more than ’ no
Moynb OCHOBHOCTH

/ Basicity module ) 0,91
MouyJib aKTUBHOCTH

8 Activity module ] 0,26

Kak crregyet u3 tabm. 2, pacueTHbIi ko3 unmeHT xade-
CTBa, M0 KOTOPOMY Ha OCHOBAHMHM XMMHYECKOTO COCTaBa
OIIEHMBAIOT THAPABIMYECKYI0 aKTUBHOCTH, cocTaBmi 1,33. B
CBSI3H C 3THM JJOMEHHBII IUTaK OTHOCHTCS K TPETHEMY COPTY.
ITo MOy IO OCHOBHOCTH IIUTAK OTHOCUTCS K KHCJIBIM MaTe-
puanam (M,<l1), M0 MOAYJIIO AKTUBHOCTH — K aKTUBHBIM
(M.>0,25).

HccnenoBanre o0pa3ioB UlaKka METOI0OM PEHTTeHOrpa-
(uuaeckoro (azoBoro aHaaM3a NP HOPMAIBHBIX YCIOBHSIX
(puc. 1 u puc. 2) mokasaio, 4TO OH COCTOUT M3 aMOp(HOTO
BEILIECTBA C HE3HAUUTEIBHON NpHUMechlo KBapia. Kpucrain-
nnyeckast (asa He uaeHTHQHUIUpyeTcs. B oOpasue He uc-
KIIFOUEHO COJep)KaHNe METAJUTHIECKOTO XKeJe3a.

As follows from Table 2, the calculated quality factor
was 1.33, by which hydraulic activity is assessed based on
the chemical composition. In this regard, blast furnace slag
is classified as third grade. According to the basicity modu-
lus, slag is classified as an acidic material (Mo<1), and ac-
cording to the activity modulus, it is classified as an active
material (Mz>0,25).

A study of slag samples using X-ray phase analysis under
normal conditions (Fig. 1 and Fig. 2) showed that it consists
of an amorphous substance with a small admixture of quartz.
The crystalline phase is not identified. The sample may con-
tain metallic iron.
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PUCYHOK 1

JUOPPAKTOTPAMMA OBPA3LIA IIJAKA
IIPU HOPMAJIBHBIX YCJIOBUAX =

Counts

Figure 1

Diffractogram of a slag sample under Ly
normal conditions

PUCYHOK 2 g A
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JANDPPAKTOI'PAMMBbI OBPA3LA HIJIAKA e
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Full-profile analysis of the x-ray diffractgram of -
a slag sample under normal conditions =
The phase contents are given at 100% ol

HecmoTpss Ha HEBO3MOXHOCTH HACHTH(DHKAINNA KpPH-
craiuueckux Bemect, [OCT 31108-2020 momyckaer co-
JIepKaHWE B MITAKe «II0 MEHBIIEH Mepe 2/3 OCTeKIOBaHHOM
(azpr», 9TO TpemomIpeaesieT ero THAPABINIECKYI0 aKTHB-
HOCTb.

HccnenoBanne 00pa3moB IjIaKka METOJJOM PEHTI€HOTpa-
(hugeckoro (ha30BOro aHaIM3a MOCIIEC TEPMOOOPAOOTKH (pHC.
3 u puc. 4) Ha Bo3ayxe npu 1000 °C mokasaino, 4To OH co-
CTOMT U3 aMOP(HOTO BEIIECTBA, KPUCTAUINYECKUX CHIIMKA-
ToB Tpynnsl Menuuta (Ca,Na),(Al,Mg,Fe?")[(ALSi)SiO]
(OKepMaHHUT, TENICHNT), CHIIMKATOB I'PYIIIBI TUPOKCEHOB (M-
orcug CaMg[Si,O¢]-renenbeprur CaFe[Si»Os]) 1 npumecu
KBapIa.
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PUCYHOK 3
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JUOPAKTOI'PAMMA OBPA3ILA HIJIAKA
1nocJjie NpoKajJuBanus Ha Bo3ayxe npu 1000 °C
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L
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Figure 3

Diffractogram of a slag sample
after calcination in air at 1000 °C
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Despite the impossibility of identifying crystalline sub-
stances, GOST 31108-2020 allows the slag to contain “at
least 2/3 of the vitrified phase”, which determines its hydrau-
lic activity.

The study of slag samples by the method of X-ray phase
analysis after heat treatment (Fig. 3 and Fig. 4) in air at 1000
°C showed that it consists of an amorphous substance, crys-
talline silicates of the melilite group
(Ca,Na)(ALMg,Fe*")[(ALSi)SiO7] (okermanite, gehlenite),
silicates of the pyroxene group (diopside CaMg[Si,Os]-
hedenbergite CaFe[Si,0¢]) and quartz impurities.
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PUCYHOK 4 10
HOJHOMPO®HILHBINA AHAJIN3 B
JUD®PAKTOTPAMMBI OFPA3IA HIJIAKA -

TIOCJIE TIPOKAJINBAHUS HA BO3JYXE o

ITPH 1000 °C. g
Conep:xanus ¢a3 npuBenenst Ha 100% g

Figure 4 o]
Full-profile analysis of the x-ray diffractgram o

PRIF T
W

of a slag sample after calcination in air
at 1000 °C.
The phase contents are given at 100%

Jlanee ObuTH ompeseNieHbl OCHOBHBIE (DH3MKO-TEXHUYE-
CKHe CBOMCTBa I1aka. Pe3ynbTaTsl OIlEHKH CBOMCTB Mpej-
crasiensl B Taba. 3. CormacHo 'OCT P 56196-2014 paBHo-
MEPHOCTh U3MEHECHHS 00bEeMa IEMEHTHOTO TECTA CO IIJIAKOM
onpenensiu o 'OCT 30744. CoaeprkaHue 1uiaka npu 3TOM
cocrarisiio 30 %, noprnanauementa (LIEM I) — 70 %.

Kak BumHO U3 Tab1. 3, Mo (PU3UKO-TEXHUYCCKUM CBOW-
cTBaM muiak cooTBercTByeT TpeboBaHmsiM ['OCT 3476-
2019, mocKkoJIbKY KOJIMYECTBO KAMHEBUAHBIX KYyCKOB IIIJIaKa
(He TmoABEpTIIHMXCS TPAHYJALWU) HE MpeBbIacT 5 % 1o
Macce. [Ipu 3ToM pazMepsl TAKUX KycKOB He npeBbicuin 100
MM I10 HauOoJIbIIEMy U3MEpEeHUI0. PABHOMEPHOCTh N3MEHe-
HUS 00BeMa HE IPEBBICHIIA TOMyCTUMBIX 10 MM, a Koimde-
ctBO Metautonpumeceit (0,5 %) — He3HAYUTETHHO.

Jlanee qoMeHHbIH 1UTaK ObLI MOJBEPIHYT U3MEIbYCHUIO
B MmenpHuile CBM-3. Kuneruka pa3moiaocrnocoOHOCTH
LUIaKa IpeAcTaBiIcHa Ha puc. 5.

. L PR TP B ST A U P BT LA AV AU IA AN I D
18 18 n = 24 x ] k] 32 M kL] 38 0 2 4 % L3 50 52 & L [.-3 L)
2ThDegrees

Next, the main physical and technical properties of the
slag were determined. The results of the property evaluation
are presented in Table 3. According to GOST R 56196-2014,
the uniformity of the change in the volume of cement paste
with slag was determined according to GOST 30744. The
slag content was 30%, Portland cement (CEM I) — 70%.

As can be seen from Table 3, the slag meets the require-
ments of GOST 3476-2019 in terms of its physical and tech-
nical properties, since the amount of stone-like pieces of slag
(not subjected to granulation) does not exceed 5% by weight.
Moreover, the dimensions of such pieces did not exceed 100
mm in the largest dimension. The uniformity of the volume
change did not exceed the permissible 10 mm, and the
amount of metal impurities (0.5%) was insignificant.

Next, the blast furnace slag was subjected to grinding in
the SVM-3 mill. The kinetics of slag grindability is shown in
Fig. 5.

TABJIUIA 3 ®U3UKO-TEXHUYECKHUE CBOMCTBA JIOMEHHOI'O IIVIAKA
Table 3 Physical and technical properties of blast furnace slag

Ne HamnmenoBanue nokasarens 3HaYeHHe MoKa3aTels
/I Name of the indicator Value of the indicator
1 EcrecTBeHHas BIIaXXHOCTB, % 0,1
Natural humidity, %
) I/ICTI/IHHaﬂ. HHOTHOC3TI>, Kr/m? 2850
True density, kg/m
Cozepixanue B IIUIaKe KAMHEBUIHBIX YaCTHI] (OCTATOK HA CHTE C
3 pa3mepoM staeek 10 Mm), % 015
Content of stone-like particles in slag (residue on a sieve with a ’
mesh size of 10 mm), %
3epHOBO# COCTAB IUTaKa C YaCTHBIMUA OCTATKaMH
Ha cuTax, %
Grain size distribution of slag with partial residues on sieves, % 0,2
5 MM 1,6
4 2,5 MM 12,5
1,25 mm 47,4
0,63 MM 29,8
0,315 mm 6,9
0,16 MM 1,6
<0,16 Mmm
5 Monynb KpymHOCTH 2,67
Module of fineness
6 Copeprkanue Merayuionpumecei, % 05
Content of metal impurities, % ’
PaBHOMEpHOCTH M3MEHEHUS 00BbeMa, %
7 . . HET
Uniformity of volume change, %
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PUCYHOK 5

KHUHETHUKA PAZMOJIOCIIOCOBHOCTH HIJIAKA

Figure 5

YaensHaR NOBEpXHOCTE, CMET

Kinetics of slag grindability

W3 puc. 5 cnenyet, 4To yaenbHas MOBEPXHOCTH NIIAKa U3-
mensiercss ot 100 mo 5200 cm?/r mpu 20-MHHYTHOM IIOMOJIE.
OTO yKa3bIBAET Ha TO, YTO OH SBILIETCS TPYAHO H3MENIbYACMbIM
MaTepHaJiOM C PacueTHBHIM KO3((HUIIEHTOM Pa3MOJIOCIIOCO0-
HOCTH 51 M?/MMH M OTHOCHTENBHO BBICOKUMH YyIENbHBIMH
sneprosarparamu (0,98 kBT * gac/m?).

st nonmyuenus nutakonopmianguementa LIIEM III nepso-
HadalbHO OBUIO M3Y4EHO BIMSHUE COJCPXKAHUSA TOMEHHOIO
nutaka «4epMK» (o 90 %) Ha BpeMs u3MenabueHHs, KOTopoe
HEOOX0AMMO 3aTPaTHUTh JI0 MOYUYEHUs YACIbHON HOBEPXHOCTH
4500 £ 200 cm?/r. JIns 3Toro oH GbLI NPUTOTOBJIEH U3 TIOPT-
napauementa [IEM I 52,5H u minaka myTeM X COBMECTHOTO
1OMOJIa B JaOOpaTOpHOHW BHOPalMOHHO-IIAPOBON MEJBHHUIIE
CBM-3. [lacnopTHble JaHHBIE U PU3UKO-MEXaHUIECKUE CBOM-
ctBa mopmiananementa [IEM I 52,5H npuseneHs! B Ta0I. 4.
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From Fig. 5 it follows that the specific surface area of
the slag varies from 100 to 5200 cm?/g with 20-minute
grinding. This indicates that it is a difficult-to-grind mate-
rial with a calculated grinding capacity of 51 m*/min and
relatively high specific energy consumption (0.98
kW «h/m?).

To obtain slag Portland cement CEM I1I, the effect of
the content of blast furnace slag "CherMK" (up to 90%)
on the grinding time, which must be spent to obtain a spe-
cific surface area of 4500 + 200 cm?/g, was initially stud-
ied. For this purpose, it was prepared from Portland ce-
ment CEM I 52.5N and slag by grinding them together in
a laboratory vibration ball mill SVM-3. Passport data and
physical and mechanical properties of Portland cement
CEM I 52.5N are given in Table 4.

TABJIUIA 4 ®U3UKO-MEXAHUYECKUE CBOMCTBA MMOPTJIAHAIEMEHTA I[EM I 52,5H
Table 4 Physical and mechanical properties of Portland cement CEM I 52.5N

3HauyeHNe MOKa3aTeNs
En. m3m. Value of the indicator
HanmeHnoBanune noka3sarest .
Ne n/m A eF Unit of measure- | mo macmopry
Name of the indicator . akT
ment according to
actually
passport
BnaxsocTs 1o macce o
! Moisture by mass & ) 0,05
2
) Vzleqbﬂaﬂ MOBEPXHOCTh CMZ/F 3844 3800
Specific surface area cm?/g
0,
3 HopMam,Ha;{. rycToTa % 27.6 27.8
Normal density
CpOKH CXBaTBIBAaHHUS:
- HAYaJIo
4 - KOHeIl Y-MHH
Setting time: h-m
- start 160 170
- end - 230
[Ipu3HAKH TOKHOTO CXBATHIBAHHS - He 00HapyKEHO
5 . .
Signs of a false seizure not found
6 PaBHOMEpHOCTh H3MEHEHHs1 00beMa MM 0 0
Uniformity of volume change mm
AKTHBHOCTB 110 IPOYHOCTH B BO3pacre:
- 2 cyTokK 28,2 26,5
7 - 28 cyTok Mma 54,2 52,6
Strength activity at age: MPa
- 2 days
- 28 days

B IEM III cogepxaHnue 1uiaka B CMECU C OPTIIAHALE-
MeHTOM BapbupoBaioch ot 0 1o 100 %. Mcxoxnas yaensHas
HOBEPXHOCTh NOpTIaHAneMenTa — 3800 cm?/r, maka — 80
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In CEM 111, the slag content in the mixture with Portland

cement varied from 0 to 100%. The initial specific surface
area of Portland cement is 3800 cm?/g, slag — 80 cm?/g. The
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cM?/r. HaBecka Ha MOMOJI COCTaBJsUIa 2 KI. 3aBHCHMOCTB
BpEMEHHN HM3MENbUEHUSI OT COJEP)KaHUS IUIaKa B CMECU C
MOPTIaHALUEMEHTOM MpejcTaBieHa Ha puc. 6. PacuerHble
KPUTEPHUH UX Pa3MOJIOCTIOCOOHOCTH MIPUBEACHEI B TA0M. 5.

grinding batch was 2 kg. The dependence of grinding time
on the slag content in the mixture with Portland cement is
shown in Fig. 6. The calculated criteria for their grindability
are given in Table 5.
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Figure 6
Dependence of grinding time on slag content in a
mixture with Portland cement 0
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TABJIMIA 5 PACYETHBIE KPUTEPHUU PASMOJIOCIIOCOBHOCTH CMECH NIOPTIAHJAUEMEHTA

1 JOMEHHOI' O IIUTAKA

Table 5 Design criteria for grindability of a mixture of Portland cement and blast-furnace slag

Ne
n/n

HaunMeHoBaHHe MoKa3aTeael
Name of the indicator

3HaueHMe MoKa3aTeae
Value of the indicator

Conepxanue B o0uield cmecu, %
-IIEM I 52,5H

- [IUTaKa

Content in the total mixture, %
-CEM152.5N

- slag

100 80 60

40

40
60

20 0
80 100

U II1aKa, cM2/T

52.5N and slag, cm?/g

Hcxonnas yaenbHast nmoBepxHocth cMecu LIEM I 52,5H

Initial specific surface area of the mixture of CEM I

3800 3056 2312 1568 824 80

Final specific surface area after milling, cm?/g

KoHeuHast yIenpHas TOBEPXHOCTH TIOCIIE MOMOINA, CM%/T

4500

Bpewms nzmenpuenus, MUH
Grinding time, min

0 5 8 11 14 16

Koo puuuent pazmonocnoco6HOCTH, M*/MUH
Grinding capacity coefficient, m*min

0 57,8 54,7 53,3 52,5 51,3

V nenbuble 9Heprosarpatsl, (AS=1000 M?/kr) KBT-u/m>
6 Specific energy consumption,
kW -h/m?

(AS=1000 m?kg)

0 0,87 0,91 0,94 0,95 0,90

Kak cnenyer u3 puc. 6 u Tabi. 5, ¢ yBeIMYeHUEM Macco-
BOW JONM II1aka B OOIIel cMecH 3aTpaynBaeTcs OOoJbIe
BpeMmeHU ans nonydenus LIEM III ¢ ynensHoON moBepXHO-
cthio 4500 £ 200 cm?/r. HecMoTps Ha 3T0, pazMoIiocnocod-
HOCTh Y YZAEJIbHBIC SHEPro3aTpaThl UII BCEX cMecel oKasa-
JIMCh COTTOCTaBUMBIMH.

Jlanee ObUTO M3y4EHO BIMSHHUE COACP)KAHHUSA JOMEHHOTO
IIJIaKa, UCIIOJIb30BAHHOTO B CMECH C TIOPTJIAHALIEMEHTOM, Ha
aKTHBHOCTH 10 TIPOYHOCTH Ha CXKaTHE IIIAKOMOPTIaH/Ie-
MeHTa. [lopsiiok MpUroToBiIeHUs MIASHTUYHBIN. MeToanka
M3rOoTOBNEHUS U ucnibiTanus oopasios — 'OCT 30744-2001.
BOI[OHeMeHTHOe OTHOMICHUEC JIJIA HUX IPUHUMAJIN OJIMHAKO-
BeiM (B/I1=0,5). B kauecTBe MENKOro 3alOJIHUTENS IS
OLICHKM aKTHBHOCTH IIEMEHTOB HCIIOJIb30BaIN TapHUpOBaH-
HBIH nommdpakuoHHbIi necok (1350 + 5 1) mpousBoacTBa
000 «Uemeanny (r. [Momonbek). Ilecok cooTBeTCTBOBAI
tpeboBanusm 'OCT 6139-2020 u EN 196-1. Pesynbrarst
WCTIBITAaHWH TIPEICTaBIICHbI Ha PHC. 7.

As follows from Fig. 6 and Table 5, with an increase in
the mass fraction of slag in the total mixture, more time is
spent to obtain CEM III with a specific surface area of 4500
+ 200 cm?/g. Despite this, the grindability and specific en-
ergy consumption for all mixtures were comparable.

Next, the effect of the blast furnace slag content used in
the mixture with Portland cement on the compressive
strength activity of Portland slag cement was studied. The
preparation procedure is identical. Methodology for the pro-
duction and testing of samples — GOST 30744-2001. The wa-
ter-cement ratio for them was taken to be the same
(W/C=0.5). Calibrated polyfractional sand (1350 + 5 g) pro-
duced by Tsemsend LLC (Podolsk) was used as a fine filler
to evaluate the activity of cements. The sand met the require-
ments of GOST 6139-2020 and EN 196-1. The test results
are presented in Fig. 7.
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PUCYHOK 7

50

BJIMSIHUE COJEPKAHUE JOMEHHOIO
IIJIAKA YepMK HA IPOYHOCTD ITPH
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Figure 7

Influence of the content of blast-furnace slag of CHerMK ¢
on the compressive strength of Portland cement type
CEM III (W/C=0.5)

Kak BuznHO 13 puc. 7, conepkaHue IuIaka B KOJINIEeCTBE
15-20 % npuBOAMT K HaMOOJNBIIEMY POCTYy aKTUBHOCTH
LIEM III Bo Bce cpoku TBepaeHus, a npu 25-30% obecneun-
BaeTCs MapoyHas MPOYHOCTh COIIOCTABUMAsl C IPOUYHOCTHIO
noprianauementa HEM 1 52,5, Jlng nonydeHust muiako-
noprianauementa tuna LIEM III ¢ knaccom mo mpoyHoctu
32,5 conepkanue uuaka YepMK He nosmkHo npesbimats 60
%. Ilo mpoyHOCTH Ha cXXaTHe B Bo3pacTe 2 U 7 CyTOK OH OT-
HOCHTCSI K HOPMaIIbHO TBepAelommM. Ha ocHOBaHWH 3TOTO
NUIAKOTIOPTIIaHAIEMEHT UMEET CIEAyIoIIee yCIoBHOE 000-
s3naucHue L{IEM III/A 32H.

Taroke OBIJIO M3Y4EHO BIMSHHE TUIICOBOTO KaMHS (Kak
BCIIOMOTaTEeNIbHOTO KOMITOHeHTa) mpou3BoicTBa OO0 «Ep-
rau» (Ilepmckwmii kpait, KyHrypckuit paiioH) Ha CpOKH CXBa-
THIBAaHUS U aKTUBHOCTH IO MPOYHOCTH Ha CXKAaTHE IUIAKO-
nopraanauementa LEM IIL

[IInaxonopTIaHALEMEHT MOJyYaly MyTeM COBMECTHOIO
nomona B MenbHule CBM-3 moprnanauementa LIEM I
52,5H, noMeHHOro 11aKa 1 rurcoBOro KaMHsl 10 YAeJIbHON
nosepxuoctH 4500200 cm?/T.

CpoOKH CXBaTHIBAaHUS [IEMEHTHOTO TECTa OTIPEICIICHBI Ha
[UIAKOTIOpTIIaHANIEMeHTe 0e3 M ¢ To0aBIEHHEM THIICOBOTO
kamHs. B cootBercTBmE ¢ TpeboBanmsmu 'OCT 31108-2020
€ro MaccoBast 10JIs B IUIAKOIOPTIaHAIeMeHTe TprHATa 4 %,
yTo B mepecyere Ha okcun cepsl SO3 (VI) He mpeBbImmano
JIOITyCTAMOTO coepskanust (e 0oiee 4 %). [Ipu aToM yuTéH
TUIICOBBIN KaMEHb B UCXOJHOM noprianauemeHnte LIEM I
52,5H, B KOTOpOM, COTJIACHO JJOKYMEHTY O KaueCTBe, COfep-
sxkutcst 3,3 % oxcuna cepol. Conepkanue nuiaka B LIEM 111
Mens1och oT 50 10 90 %.

Pe3ynbpTaThl OLEHKHM CPOKOB CXBAaThIBAaHUSI LIEMEHTHOTO
TECTa C THUIICOBBIM KaMHEM M 03 HEro IpE/CTaBJICHBI Ha
puc. 8 ¥ puc. 9, COOTBETCTBEHHO.

Kax cnenyer u3z puc. 8 u puc. 9, Hauyaao CXBaTbIBAHUSA
IIEMEHTHOTO TECTa COCTABMJIO He MeHee 150 MuH, 4TO BBIIIE
muHIMaiIpHOTO Tipenena mo [OCT 31108-2020 — ve panee
75 MuH. YCTaHOBJICHO, YTO THIICOBBIM KaMEHb B COCTaBe
IIEM III He3HaunTENHHO 3aMeIJISIET CPOKU CXBATHIBAHUS 11€-
MeHTHoro Tecta — Ha 20...40 MuH.

BnusiHue TUIICOBOrO KaMHsI Ha aKTUBHOCTbH IO MPOYHO-
CTU ompeneneHo ais nutakonoptriananementa [IEM III c
50-% conepxaHueM nulaka. [[puroToBieHs! TpU THIIA 3TOTO
BSKYIIETO C MAaCCOBOM J1oJiei runcoBoro kamHs 2, 6 u 10 %.
PesynbraTh! HcnibITaHU OKa3aHb! Ha puc. 10.

U3 puc. 10 BUIHO, YTO THUICOBBII KaMeHb HeCylle-
CTBCHHO TIOBJHSII Ha MPOYHOCTDH MPH CXKATHUHU IIIAKOMOPT-
nmaranementa. OHa Bo3pocia He 6osee ueM Ha 5,2 %.
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As can be seen from Fig. 7, a slag content of 15-20%
leads to the greatest increase in the activity of CEM III at all
stages of hardening, and at 25-30%, a grade strength compa-
rable to the strength of Portland cement CEM I 52.5 is en-
sured. To obtain slag Portland cement of type CEM III with
a strength class of 32.5, the content of CherMK slag should
not exceed 60%. In terms of compressive strength at the age
of 2 and 7 days, it is classified as normally hardening. Based
on this, slag Portland cement has the following conventional
designation: CEM III/A 32N.

The influence of gypsum stone (as an auxiliary compo-
nent) produced by Ergach LLC (Perm Krai, Kungursky Dis-
trict) on the setting time and compressive strength activity of
CEM III slag Portland cement was also studied.

Slag Portland cement was obtained by jointly grinding in
an SVM-3 mill Portland cement CEM I 52.5N, blast furnace
slag and gypsum rock to a specific surface area of 4500+200
cm?/g.

The setting times of cement paste are determined on slag
Portland cement with and without the addition of gypsum
stone. In accordance with the requirements of GOST 31108-
2020, its mass fraction in slag Portland cement was taken as
4%, which, when converted to sulfur oxide SO3 (VI), did not
exceed the permissible content (no more than 4%). In this
case, gypsum rock in the original Portland cement CEM I
52.5N was taken into account, which, according to the qual-
ity document, contains 3.3% sulfur oxide. The slag content
in CEM III varied from 50 to 90%.

The results of the assessment of the setting time of ce-
ment paste with and without gypsum stone are presented in
Fig. 8 and Fig. 9, respectively.

As follows from Fig. 8 and Fig. 9, the onset of setting of
the cement paste was at least 150 minutes, which is higher
than the minimum limit according to GOST 31108-2020 - no
earlier than 75 minutes. It has been established that gypsum
stone in the composition of CEM 111 slightly slows down the
setting time of cement paste — by 20...40 minutes.

The influence of gypsum rock on the strength activity
was determined for slag Portland cement CEM III with 50%
slag content. Three types of this binder were prepared with
gypsum rock mass fractions of 2, 6 and 10%. The test results
are shown in Fig. 10.

From Fig. 10 it can be seen that gypsum rock had little

effect on the compressive strength of slag Portland cement.
It increased by no more than 5.2%.
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PUCYHOK 8

CPOKHU CXBATBIBAHUSI HIEMEHTHOI'O TECTA
IEM III
0e3 100aBJIeHHSI THIICOBOI0 KAMHSI

Figure 8

Setting time of cement test CEM 111
without adding gypsum stone

PUCYHOK 9

CPOKH CXBATBIBAHUSI HEMEHTHOI'O TECTA
HEM III
¢ nodasiaenueM 4 % runcosoro kamusa OO0 «Eprau»

Figure 9

Setting time of cement test CEM I11
with the addition of 4% gypsum stone OOO "Ergach"

PUCYHOK 10

BJIUSAHHUE THIICOBOI'O KAMHSA HA AKTHBHOCTD
O MPOYHOCTHU HIVIAKOIIOPTJTAHJAUEMEHTA

Figure 10

Influence of gypsum stone on the strength activity of Portland
slag cement

3ak0ueHne U BbIBOABI

1. OnpeneneH XMMUKO-MUHEPATIOTUYECKHIA COCTaB U (u-
3UKO-TEXHHUECKHE CBOWCTBA JOMEHHOTO TIpPaHyIHPOBaH-
Horo nutaka «4Y4epMK». [TokazaHo, 4TO TOMEHHBIH [IUIaK OT-
HOCHTCSl K TPETHEMY COPTY U COOTBETCTBYET TPEOOBAHHUSIM
T'OCT 3476-2019, 1 mo3TOMy MOXKET OBITH HCIOJB30BaH B
KavyecTBe J00aBKU Ul MPOM3BOJICTBA IIIAKOIIOPTIIAHIIIC-
meHTa (tTrn LEM I1I);

2. M3y4eHO BIMSHHWE COAEP)KaHWS JOMEHHOI'O IUIaKa
«UepMK» Ha aKTHBHOCTH IO IPOYHOCTH IUIAKOHNOPTIAH/-
nementa tuna [{IEM III. [Toka3ano, 4To 1UJIaK B KOJUYECTBE
15-20 % obecrieunBaeT HaMOONBIINI POCT AKTHBHOCTH
LEM III, a mpu 25-30 % nocturaercs MapodHasi IPOYHOCTh
COIoCTaBMMas C MPOYHOCThIO mnopTiananementa LHEM 1
52,5. JIns mony4yeHus nuiakomoptianaineMenta tuma [[EM
III/A ¢ xnaccom o mpouHocTH 32,5 ¥ pU BOAOILIEMEHTHOM
otHomenuu 0,5 conepxanue nutaka «4epMK» He momkHO
npebImaTs 60 %.

3. Uzyueno Brnusnue 2, 6 u 10% runcoBoro kaMmHs Ha ak-
TUBHOCTb 110 IPOYHOCTH HinakonopTianneMenTa LIEM III ¢
50-% conepkanueM 1utaka. IlokazaHo, YTO THMIICOBBIA Ka-
MEHb HECYIIECTBEHHO IOBIIHSII Ha MPOYHOCTB TPH CXKaTUH
IIJIAKOTIOPTJIAHALIEMEHTA.
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Conclusion and findings

1. The chemical and mineralogical composition and
physical and technical properties of granulated blast furnace
slag "CherMK" were determined. It was shown that the
blast furnace slag belongs to the third grade and meets the
requirements of GOST 3476-2019, and therefore can be
used as an additive for the production of slag Portland ce-
ment (type CEM III);

2. The influence of the content of blast furnace slag
"CherMK" on the strength activity of slag Portland cement
type CEM III was studied. It was shown that slag in the
amount of 15-20% provides the greatest increase in the ac-
tivity of CEM 111, and at 25-30% the grade strength compa-
rable to the strength of Portland cement CEM 1 52.5 is
achieved. To obtain slag Portland cement type CEM I1II/A
with a strength class of 32.5 and a water-cement ratio of
0.5, the content of slag "CherMK" should not exceed 60%.

3. The influence of 2, 6 and 10% gypsum rock on the
strength activity of slag Portland cement CEM III with 50%
slag content was studied. It was shown that gypsum rock
had an insignificant effect on the compressive strength of
slag Portland cement.
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[TpoBeneHHbIE SKCHEPUMEHTHI MOKa3ald BO3MOXXHOCTb
NPUMEHEHHsI  JOMEHHOTO  TpaHyJIMPOBaHHOTO  IJIaKa
«UepMK» i1 mosyueHusi HIIaKONOPTIIAH/LIEMEHTa THIIA
LEM III/A 32H c conepxanuem mutaka He 6osee 60%. Io-
JIy4EHHBIC PE3yJIbTaThl COOTBETCTBYIOT IKOJIOTUIECKUM TCH-
JICHIIUSIM Pa3BUTHUS LIEMEHTHON MPOMBIIIICHHOCTH W MOTYT
UCIIOJIB30BaThCs VISl CHIDKCHHS KITMHKEPOEMKOCTH LIEMEHT-
HBIX MaTepUAaJIOB.
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