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AHHOTALUS

B pamkax nposedennozo ucciedosanust 6vLia 6bINOIHEHA KOMWIEKCHASL OYEHKA GIUSHUSL XUMUYECKUX 000A680K-NAACMUpUKAMOPO8 pa3-
JIUYHOU NPUPOObL HA PEONOSUHECKUe U (DUBUKO-MEXAHUYECKUE CEOUCMBA CReYUATIbHbIX YeMEHMHbIX CUCIEM HA OCHOBE CYIbHOANIOMUHAN-
HO20 KMuHKepa. B rauecmee 06vexmoe ucciedosamusi 8iCmMynuiu CynepniacmuQuKkamop HA OCHO8E NOIUKAPOOKCUIAMHBIX IPUpos
MELMENT F10 u eunepnaacmughuxamop Hosoco nokonenus MELFLUX 4930F. Hccnedosanue 6Kmiouano 8apbuposanue 08yx KIUegbix
napamempos: uoa u 003uposKy niacmupuyupyiowei 000aexku, a makoice Koauvecmsa 08yeoonozo eunca (CaSO+2H>0), 8600umozo 6 co-
cmag ssicywe2o. Iunc uepaem Kpumu4eckylo poib 8 pecyiuposanuy KUHeMuKY meepoeHust U oopMupo8anus KOHeYHOU CMpYKmMypbl Cyb-
Goanomunamnozo yemenma. B pesynomame npogedennvix sxcnepumenmos 6viia yCmaHoB8IeHa YemKas 3a8UCUMOCb MeNcOy Npupooou
000a8KU U CIMPOUTNENbHO-MEXHUYECKUMU Xapakmepucmuxkamu komnosumos. I unepniacmuguxamop MELFLUX 4930F npodemoncmpupo-
8411 cyujecmeenHo boiee 8blCOKYI0 hdexmusnocms no cpasneruio ¢ cynepnaacmugurxamopom MELMENT F10. Eco npumenernue obecne-
YUBALO 3HAYUMENbHOE CHUJICEHUE 8000NOMPEeOHOCmU cMecell NPpu 0OHOBPEMEHHOM YIVHueHUuU y00O0YKIAObI6AeMOCHU, YMO NOL0NCU-
MENbHO CKA3AN0Ch HA NIOMHOCIU U NPOYHOCMU 3ameepoesuie2o Kamis. 110 co8OKYNHOCMU NOYYEHHbIX OAHHBIX (MPOYHOCMb HA CoCAmUe
U u32ub, HOPMAILHAS 2YCMOMA YEMEHNMHO20 Mecmd, CPOKU CX8AMbIEAHUs) ObLI onpedeien ONMUMAibHbll peyenmyphbli cocmas. Haunyu-
wiie pe3ynbmamaul 3apuKcUposanvl Osl KOMnosuyuu, cooepicauieii 5% 08y600Ho20 cunca om maccwl eaxcywezo u 0,5% eunepniacmughu-
xkamopa MELFLUX 4930F. Hmenno 0annoe couemarnue 0b6ecneyuno opmuposanie yeMeHmHo20 KaMHsl ¢ MAKCUMATbHbIMU HOKA3AMeNIMU
NPOYHOCMU HA PAHHUX U NO30HUX CPOKAX MBEPOEHUs], A MAKIICE C BbICOKOU NIOMHOCMbIO U 00JI208E€HHOCIBIO.

KIIKOUYEBBIE CJIOBA: cyropoantomunamusiii kniunkep, Rpupoomslii 2Uncosplii Kamens, niacmuguyupyouue 000a8Kku, Hop-
MAIbHASL 2YCMOMA, CPOKU CX8AMbLEAHUS
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ABSTRACT

Within the framework of the conducted research, a comprehensive assessment of the influence of chemical plasticizing additives of dif-
ferent natures on the rheological and physico-mechanical properties of special cement systems based on calcium sulfoaluminate clinker was
performed. The objects of the study were the polycarboxylate ether-based superplasticizer MELMENT F10 and the new generation hyper-
plasticizer MELFLUX 4930F. The study involved varying two key parameters: the type and dosage of the plasticizing additive, and the
amount of dihydrate gypsum (CaSO42H:0) introduced into the binder composition. Gypsum plays a critical role in regulating the hardening
kinetics and the formation of the final structure of calcium sulfoaluminate cement. As a result of the experiments, a clear dependence between
the nature of the additive and the construction-technical characteristics of the composites was established. The hyperplasticizer MELFLUX
4930F demonstrated significantly higher efficiency compared to the superplasticizer MELMENT F'10. Its application provided a significant
reduction in the water demand of the mixtures while simultaneously improving workability, which positively affected the density and strength
of the hardened paste. Based on the totality of the obtained data (compressive and flexural strength, standard consistency of cement paste,
setting times), the optimal formulation composition was determined. The best results were recorded for the composition containing 5%
dihydrate gypsum by weight of the binder and 0.5% hyperplasticizer MELFLUX 4930F. This particular combination ensured the formation
of a cement paste with maximum strength indicators at early and late hardening ages, as well as high density and durability.
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BBEJEHUE

B maHHBINA MIeproOa BpeMeHH, MHOTHX CHIIBHO 3a00THT TO-
JIO’)KEHUE OKPY KAIOIIEH cpenibl, B HEMEHTHON UHIYCTPUH OCO-
OCHHO HEMaJOBXKHO HAONIONaTh 3a BEIOpOCaMM, TaK Kak
CTpaHbI MOCTOSHHO HY)KIAIOTCSl B LIEMEHTE U €ro MpOU3BOA-
CTBO HHKOT/Ia HE IpepBeTcs. boiee moporocTosiuM KomIo-
HeHTOM B cocTaBe CAK sBIsiroTcst OOKCHTBI MITH JUISL IOJTHOTO
MOHUMAaHHMs — aJIFOMUHHUEBBIE PyAbl. OJTHAKO CYIIECTBYIOT allb-
TEpHATUBHbBIE HCTOYHUKH JAHHOTO CHIPBS (OTXOJbI METaJLTyp-
THH [IBETHBIX METAIIIOB, MIPUTOBEIE 30761). B cymnbdoamomu-
HATHBIX [IEeMEHTaxX JOIMYCTHUMO MPUMEHEHNE TEXHOTEHHBIX Ma-
TEPHAJIOB, YTO AACT BO3MOXKHOCTh PaIlIOHAIFHO HCIOIH30BATh
MPHUPOAHBIE PECYpPCHI, TAPAHTUPOBATH OOJIee JIEIMIeBOE MPOU3-
BOJICTBO, COKpaTHTh BEIOpockl CO, B aTMocdepy HaiiTu pere-
HHUE YTHIN3AIHAN IPOMBIIUIEHHBIX 0TX010B [1-7].

B OIMNPCACIICHHBIX ClIyYasdaX, MpHU HCIOJb30BAHUN BBICOKO-
IIOMHHATHBIX [IEMEHTOB IOTPEOJICHHE BOJIOPEIYLMPYIOIINX
J00aBOK yBEIMYHMBACTCS, @ MX PE3yJIbTATUBHOCTh YMEHbIIA-
C€TCA. BO3MO)KHO, BEpOATHAA MpUYUHA JaHHOTO ABJICHUA — IIPO-
HUKHOBEHHE U aJcopOLusi MOJIEKYJl BOAOpEAYyLUPYOLIeH J10-
6aBku B MexciioeBoe npoctpaHctBo AFm-(ha3, Kk KoTopsIM OT-
HOCATCS OOJBITMHCTBO THAPOATIOMAHATOB Kanbus [§-14].

B Hacrosmmii meproa BpeMEHH BOMIPOC COYETAEMOCTH BO-
JOPEeIyNUPYIOMHX J00aBOK CO CIICIUANBHBIMU IIEMEHTaAMH
MOKa HEHOCTaTOYHO HcciienoBaH. OJHAKO, OTTAKUBAsCh OT
(hakTa, 9YTO TIPH TUApPATALUU CYIH(PATHPOBAHHBIX IIEMEHTOB
TaKXke BO3MOKHO oOpa3oBanue AFy-das, ciemyer BHITOTHUTD
IIUPOKHUE UCCIe0BaHUs B 9TOM Hampasienuu [10, 15-17].

Takum 00pa3oMm, IEeTIbI0 JaHHOW paOOThl CTAHET U3YYCHUEC
CAK Ha 0CHOBE TEXHOT'€HHBIX MaT€pHaloB, a TAK)KE COBMECTH-
MOCTH pa3HBIX TI0 XUMUYecKoMy cocTaBy cMmeceid CAL] ¢ pas-
HOOOPa3HBIMHU IUIACTU(UKATOPAMHU U YCTaHOBJICHHE LIEJIECO00-
Pa3HOCTH 3THX METOJIOB YIIPOYHECHUS IIEMEHTHOH CMECH.

Lesb10 padoTHI SIBISETCS MCCICIOBAHNE BIMSHUS TIIACTH-
(hUKaTOPOB Pa3IUIHON MPHUPOABI HA HOPMAIBHYIO TYCTOTY U
CPOKH CXBATHIBAHUS CIICIIHATHHBIX [IEMEHTOB HA OCHOBE CYJIb-
(hoamOMHUHATHOTO KJIMHKEpa C pa3IMIHON JTO3MPOBKOU
JIBYBOJHOTO THIICA.

MaTtepuaiabl U MeTOABI

Jlyist cuHTE3a ONBITHBIX 00pa3loB IEMEHTOB ObliIa chOpMHU-
poBaHa ChIpheBas 0a3a, BKJIIOYAIOIIAs CIEXYIONHE KOMIIO-
HEHTHI:

Cyab}oanioMMHATHBI KJIUHKeP — SBJSUICS OCHOBHBIM
BSKYIIIMM KOMIIOHEHTOM. B paboTe npumeHsicst KIMHKep Ipo-
MBIIIEHHOTO IPOU3BOCTBA, NOIYYEHHBIA Ha MOITHOCTIX AO
"Tlogonbckuil ieMeHTHBIHN 3aBoa". Ero XMMUKo-MHUHEpaJIOTH-
YeCKUI COCTaB, XapaKTepU3yIOUIMCs NpeobdiaagaHnueM Oenu-
T0BOII (C2S) 1 cynbhoamomunarHoii (C:AsS) das, obecrneun-
BaeT 0a30BbIE CBOMCTBA CIIEIMAIBHBIX IEMEHTOB: PETYJIHpYe-
MYI0 KHHETHKY TBEPICHHS, BHICOKYIO PaHHIOI MPOYHOCTH U
CTOHKOCTB K CIIeIHU(UIESCKUM CpeiaM.

CyabpaTtocoaep:kanuii KOMIOHEHT — B Ka4eCTBE Pery-
JSITOpa CTPYKTYPBI M CPOKOB CXBATBIBAHHUS HCIIOJIB30BAJICS
npupoassiid aByBoaHbIH rumnc (CaSO4:2H20), oTobpaHHBIH Ha
HoBoMOCKOBCKOM MeCTOpOXXKICHHH. BBIOOp MaHHOTO CHIPBS
00YCJIOBJIEH €TI0 BBICOKOH YHCTOTOH M CTaOMIBHOCTBIO KpH-
CTAJUIOXUMHUUYECKUX XAPAKTEPUCTUK, YTO KPUTHUECKU BAKHO
JUISL BOCTIPOM3BOANMOCTH ITPOIIECCOB I'MpaTaLNH CyJIb(oalio-
MHHATHOH (a3bl 1 POPMHUPOBAHKS yCTOHUMUBOTO STTPHHIUTA.

Moaudunupyomme A00aBKU — Ui LieJeHANpaBieH-
HOTO PperyJUpOBaHMsS PEOJOTHUECKUX M TEXHOJIOIMYECKHX

INTRODUCTION

Currently, many are deeply concerned about the state
of the environment. In the cement industry, it is particu-
larly important to monitor emissions, as countries con-
stantly need cement and its production will never cease.
The more expensive component in the composition of cal-
cium sulfoaluminate clinker (CSA) is bauxite or, for a
complete understanding, aluminum ores. However, there
are alternative sources of this raw material (non-ferrous
metallurgy waste, pyrite cinders). The use of technogenic
materials in calcium sulfoaluminate cements is permissi-
ble, which will allow for the rational use of natural re-
sources, guarantee cheaper production, reduce CO» emis-
sions into the atmosphere, and provide a solution for the
disposal of industrial waste [1-7].

In certain cases, when using high-alumina cements, the
consumption of water-reducing additives increases, and
their effectiveness decreases. A probable reason for this
phenomenon is the penetration and adsorption of water-
reducing additive molecules into the interlayer space of
AFn, phases, which include most calcium hydroaluminates
[8-14].

At present, the issue of compatibility of water-reduc-
ing additives with special cements is still insufficiently re-
searched. However, based on the fact that the hydration of
sulfated cements can also lead to the formation of AFn,
phases, extensive research in this direction should be car-
ried out [10, 15-17].

Thus, the aim of this work is to study CSA cements
based on technogenic materials, as well as the compatibil-
ity of CSA mixtures of different chemical compositions
with various plasticizers and to establish the feasibility of
these methods for strengthening the cement mixture.

The aim of the work is to study the influence of plas-
ticizers of different natures on the standard consistency
and setting times of special cements based on calcium sul-
foaluminate clinker with different dosages of dihydrate

gypsum.

Materials and Methods

For the synthesis of experimental cement samples, a
raw material base was formed, including the following
components:

Calcium Sulfoaluminate Clinker - was the main
binding component. Industrially produced clinker from
JSC "Podolsk Cement Plant" was used. Its chemical and
mineralogical composition, characterized by the predomi-
nance of belite (C2S) and calcium sulfoaluminate (CsAsS)
phases, provides the basic properties of special cements:
controllable hardening kinetics, high early strength, and
resistance to specific environments.

Sulfate-containing component - natural dihydrate
gypsum (CaSO4-2H20) from the Novomoskovsk deposit
was used as a structure and setting time regulator. The
choice of this raw material is due to its high purity and
stability of crystallochemical characteristics, which is crit-
ical for the reproducibility of calcium sulfoaluminate
phase hydration processes and the formation of stable
ettringite.
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CBOMCTB IEMEHTHBIX CHCTEM BBOJHINCH BEICOKO3(p(heKTHBHBIE
TUTACTH(UKATOPHI:

Cynepmaacrupukarop «Melment F10» — mnonmxap-
ookcmmataeit 3¢up (IIKD) crammaptHON 3¢ dEeKTHBHOCTH,
CITy’Kall[Mii 3TAJIOHOM JUTS CPaBHUTEIHHOTO aHAJIN3a.

I'unepnnacrudguxarop «Melflux 4930F» — npencrasu-
TEJIb HOBOTO ITOKOJICHHS TIOJINKapOOKCHIIATHBIX 3()UPOB C KOM-
OMHHPOBAHHBIM JICHCTBHEM, 00ECIIEUHBAIOIINI HE TOJIBKO 3Ha-
YUTEIHHOE BOJOPEIYLHPOBAHUE, HO M KOHTPOJIb PEOJIorHYe-
CKHUX CBOWMCTB U KUHETHKH THAPATAlNH.

Modifying additives - to purposefully regulate the
rheological and technological properties of cement sys-
tems, high-efficiency plasticizers were introduced:

Superplasticizer "Melment F10" - a standard effi-
ciency polycarboxylate ether (PCE), serving as a reference
for comparative analysis.

Hyperplasticizer "Melflux 4930F" - a representative
of a new generation of polycarboxylate ethers with com-
bined action, providing not only significant water reduc-
tion but also control of rheological properties and hydra-
tion kinetics.

TABJIMIA 1 XUMHAYECKHI COCTAB UCXOJHbIX MATEPUAJIOB

Table 1 Chemical composition of raw materials

Coaep:xanue OKCHI0B, Macc. %
Marepuaibi Oxide Content, wt. %

Materials e Si0; ALO; Fe0s Ca0 MgO SO
CAK
Calcium Sulfoaluminate 0,50 10,50 26,10 5,53 51,30 1,30 4,60
Clinker
Tuncosbiii kamern 23,1 2,40 0,50 0,30 32,20 2,60 38,90
Gypsum

Ha mepBoM 3Tame paboThl MCCIENOBAIOCH BIMSIHUE JO-
6aBOK JIByBOJIHOTO THIICa HA HOPMAJIBHYIO TyCTOTY U CPOKH
CXBaThIBaHUS LIEMEHTa Ha OCHOBE CYJb()OATIOMUHATHOTO
knuHkepa AO «Ilomonbckuii LlemeHT».

IToaydyenne nemenToB Ha ocHoBe CAK ¢ pa3iu4HbIM
coJep:KaHHeM I'MIca

Bruto nomydeno 3 cocraBa CAK ams uccnenoBanuit Hop-
MaJIbHOM T'yCTOTBI 1 CPOKOB CXBAaThIBAHHS.

CocraBsl:

Uucteiit CAK

CAK+5% rurmca

CAK+15% runca

Kaxmoit cmecu 66110 Ioy4ero mo 2700 r, cMecu Merra-
JIMCh Ha CIeNUAIBHBIX BOJIKAX 10 30 MUHYT, IS TOJTyYeHHS
OJHOPOJHON MaccChl.

Janee cmecu Obutn pa3outsl Ha 9 vacteit mo 300 r:

Uucterit CAK

UYucterit CAK + 0,5% mnactudukaropa

Uucterit CAK +1% nmactuduxaropa

CAK +5% rumnca

CAK +5% rurca +0,5% nnactuduxaropa

CAK +5% runca +1% rutactudukaropa

CAK +15%runca

CAK +15% rumnca +0,5% munactuduxaropa

CAK +15% runca +1% mnactudukatopa

Tak xak B paboTe uccienyercs 2 miactudukaropa, To B
uTOore OBLTM M3y4YeHHI 18 cmecel.

Kaxmas cMecs ObLTa McciiejoBaHa Ha BBIABICHUE ONTH-
MaJIbHOTO BojiorieMeHTHOro cooTHomeHus (HI'), BeIsiBIeHNS
CPOKOB CXBaTBHIBAHUSI, TPOYHOCTHBIX XaPAKTEPUCTUK U CIe-
naH PDOA.

Onpegenenne HOPMAJIBLHOM IyCTOTBI M CPOKOB CXBa-

THIBAHHUSI LIeMEHTOB
OnpegeneHne HOPMAJIBHOM I'yCTOTBI

3a HOpMaJIbHYIO TYCTOTY LIEMEHTHOTO TECTa IPUHUMAIOT

KOJINYECTBO BOJBI 3aTBOPEHUS, BBIPAXKEHHOE B MPOLIEHTAX
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In the first stage of the work, the influence of dihydrate
gypsum additives on the standard consistency and setting
times of cement based on calcium sulfoaluminate clinker
from JSC "Podolsk Cement" was investigated.

Preparation of CSA-based cements with different
gypsum content

Three CSA compositions were prepared for studying
standard consistency and setting times.

Compositions:

Pure CSA Clinker

CSA + 5% gypsum

CSA + 15% gypsum

2700 g of each mixture was prepared; the mixtures were
mixed in special mills for 30 minutes to obtain a homogene-
ous mass.

Subsequently, the mixtures were divided into 9 parts of
300 g each:

Pure CSA Clinker

Pure CSA Clinker + 0.5% Melment F10

Pure CSA Clinker + 0.5% Melflux 4930F

CSA + 5% gypsum

CSA + 5% gypsum + 0.5% Melment F10

CSA + 5% gypsum + 0.5% Melflux 4930F

CSA + 15% gypsum

CSA + 15% gypsum + 0.5% Melment F10

CSA + 15% gypsum + 0.5% Melflux 4930F

Since the study examined two plasticizers, 18 mixtures
were ultimately studied.

Each mixture was tested to determine the optimal water-
cement ratio (WCR), setting time, strength characteristics,
and X-ray fluorescence analysis (XRF).

Determining the normal density and setting time of
cements
Determining the normal density

The normal consistency of cement paste is defined as the

amount of mixing water, expressed as a percentage of the
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OT MacChl IEMEHTA, TIPH KOTOPOM JIOCTHIaeTCs HOPMUPOBAH-
Has KOHCHCTCHLUS IEMEHTHOTO TECTA.

Hopwmanbsnyro rycroty ompenenstor mo ['OCT 310.3-76
Ha MajoM npubope Buka.

Mauabiii npudop Buka oriiM4aercss oT CTaHAAPTHOIO
Maccoil MoJABMXKHOHM wacTu, koropas cocraBuser 70 r, a
Taroke pasmepamu necrtuka (d = 4,5 MM u 1 = 20 MM) 1 UIJIBI
(d=0,5 mm u | = 25 mm). I1Ipu pabore ¢ ManbIM TIPHOOPOM
Buka ucrionb3yloT KOHUUECKYIO ()OPMY C HHOKHUM JTHaMeT-
pom 30 MM, BEpXHUM JAHUAMETPOM 25 MM U BBICOTOM 15 MMm.

st ompeneneHuss HOPMaJbHOM T'yCTOTBI LIEMEHTHOTO
TECTa OTBEIINBAIOT

20 r meMeHTa W TOMEMAIT HaBecKy B (apdopoByro
YanKy co c(hepuIecKHM JTHHUIIEM.

3areM OTMEpSIOT MEPHBIM IWIHHAPOM HE0OX0AUMOE KO-
JUYECTBO AUCTHIIMPOBAHHON BOAbL. IlmacTHHy ¢ KOnbIioM
Y IIEMEHTHBIM T€CTOM MOMEIIAI0T B pubop Buka.

[TecTHK MOABOJAT K MOBEPXHOCTU TeCTa U (DUKCHPYIOT
CTOIOPHBIM BUHTOM. 3aT€M OTITyCKalOT CTONOPHBIA BUHT U
JIAf0T MECTUKY CBOOOJTHO MOTPYKATHCSA B IEMEHTHOE TECTO B
Teuenue 10 c.

3a HOpMaJIbHYIO TYCTOTY IIEMEHTHOTO TecTa IPHHUMAIOT
TaKyl0 €ro KOHCHCTEHIHIO, IIPH KOTOPOI MECTHK HE JI0 XO-
JIUT OO0 JHA KOJbIa Ha 3-4 MM.

Ecmu nectuk morpyxkaercs Hike (BbIme) 3-4 M, 3aMe-
IIMBAOT HOBYIO IOPIMIO LEMEHTa M OMNBIT HOBTOPSIOT,
yMeHbIas (yBENMUUBast) KOMn4ecTBo Boxasl Ha 1-5 %. Ilo-
BEPXHOCTh TECTHKA, KOJIbIIA W IUIACTUHKH IOCIE Ka)KIOTO
OTIbITA IPOTUPAIOT BJIAXKHOI BETOIIBIO U CJIETKa CMa3bIBAIOT
MAaIIUHHBIM MacJoM.

Hopmansnyto rycrory (HT', B %) paccuutsiBatot o ¢op-
MyJe:

HT = % 100% , rme

W — KOnMM4eCTBO BOBI 3aTBOPEHUS, MIT;
m — HaBeCKa FHIPaBIMYECKOTO BSIXKYIIETO, T.

Onpenenenue CPOKOB CXBATHIBAHUS

HeoOparuMblii nporiecc MOTEpH MOJBIKHOCTH OETOHA
WIA [EMEHTHO-TIECYAaHOTO PacTBOpa HA3BIBACTCS — BpeMs
CXBaTBIBaHUS [IEMEHTA. JTO BaKHBIH, HOPMHPYEMBIH MOKa-
3areNb KadecTBa I BceX 00MeCTpOUTEIHHBIX [IEMEHTOB

[Ipu onpeneneHny CPOKOB CXBATHIBAHHS IIEMEHTHOTO Te-
CTa B HIDKHIOIO 9acTh CTEp)KHS mpubopa Buka BCTaBISOT
urny. [lecTuk nepeMenaoT B BEPXHIOW YacTh Mpudopa.

J1st onpeieneHust CPOKOB CXBATHIBAHUS UTITY TIOJIBOST
K TIOBEPXHOCTH TECTa U PUKCUPYIOT BUHTOM, TTOCJIE YETO OT-
MyCKAIOT CTOMOPHBIN BUHT W JAlOT WTJe CBOOOJHO MOTPY-
XKaThCsl B IIeMeHTHOe TecTo B Teuenue 10c. [Ipon3BoasT ot-
CYeT MIyOWHBI TIOTPYKESHHS UTJIBI B IIEMEHTHOE TecTo. Eciu
UTJa KacaeTcs JHa, TO MOBTOPSIFOT U3MEpPEHUE TITyOUHEI ee
MOTPYKEHUS Yepe3 5 MUH B IPYTOM MECTE, CJierka MOBEpHYB
koubIo. Ilocie Kakmoro m3MepeHus HEOOXOAUMO IMPOTH-
paTh UTdy OT LIEMEHTHOTrO TeCTa.

3a Hayalo CPOKOB CXBAThIBAHMS NMPUHUMAIOT BpPEMs OT
MOMEHTa 3aTBOPEHUS LIEMEHTA BOJIOM O TOr0O MOMEHTa, KO-
rAa uria He OyAeT JOXOIUTh 10 THa (GOpMBI Ha 1-2 MM.

3a KOHeI| CXBaThIBAHUS MPUHUMAIOT BPEMsI OT MOMEHTa
3aTBOPEHUS BOJOW, N0 MOMEHTa, Koriga wuria Oyjaer
MOTPY’KaThCs B [IEMEHTHOE TeCTO He Oojiee 4eM Ha 1-2 MMm.

cement mass, that achieves the specified consistency of the
cement paste.

Normal consistency is determined according to GOST
310.3-76 using a small Vicat apparatus.

The small Vicat apparatus differs from the standard one
in the mass of the moving part, which is 70 g, as well as the
dimensions of the plunger (d = 4.5 mm and 1 = 20 mm) and
the needle (d = 0.5 mm and | = 25 mm). When working with
the small Vicat apparatus, a conical ring with a bottom diam-
eter of 30 mm, a top diameter of 25 mm, and a height of 15
mm is used.

To determine the standard consistency of cement paste,
20 g of cement is weighed and placed in a porcelain bowl
with a spherical bottom.

Then the necessary amount of distilled water is measured
with a measuring cylinder. The plate with the ring and ce-
ment paste is placed in the Vicat apparatus.

The plunger is brought to the surface of the paste and
fixed with a locking screw. Then the locking screw is re-
leased, and the plunger is allowed to freely immerse into the
cement paste for 10 s.

The standard consistency of the cement paste is taken as
its consistency at which the plunger does not reach the bot-
tom of the ring by 3-4 mm.

If the plunger immerses below (above) 3-4 mm, a new
portion of cement is mixed, and the experiment is repeated,
decreasing (increasing) the amount of water by 1-5%. The
surface of the plunger, ring, and plate after each experiment
is wiped with a damp cloth and lightly lubricated with ma-
chine oil.

The standard consistency (SC, in %) is calculated by the
formula:

SC = g 100% , where

W — amount of mixing water, ml;
m - mass of hydraulic binder, g.
Determination of setting times

The irreversible process of loss of mobility of concrete or
cement-sand mortar is called the setting time of cement. This
is an important, standardized quality indicator for all general
construction cements.

When determining the setting times of cement paste, the
needle is inserted into the lower part of the Vicat apparatus
rod. The plunger is moved to the upper part of the apparatus.

To determine the setting times, the needle is brought to
the surface of the paste and fixed with a screw, after which
the locking screw is released, and the needle is allowed to
freely immerse into the cement paste for 10 s. The depth of
needle immersion into the cement paste is recorded. If the
needle touches the bottom, the measurement of its immersion
depth is repeated after 5 minutes in another place, slightly
turning the ring. After each measurement, the needle must be
wiped clean of cement paste.

The initial setting time is taken as the time from the mo-
ment of cement mixing with water until the moment when
the needle does not reach the bottom of the mold by 1-2 mm.

The final setting time is taken as the time from the mo-
ment of mixing with water until the moment when the needle
immerses into the cement paste by no more than 1-2 mm.
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Pe3yabTaThl H UX 00CyXKIeHHE

IlemeHTHI ¢ O6aBKaMH TUIICa TOTOBHINCH METOZOM IIe-
pememuBanus. OnpeneneHne HOPMAIBHOM T'yCTOTBI B CPO-
KOB CXBAaTBIBaHMUS IIEMEHTOB IPOBOAMIIHN C UCIIOIb30BaHHEM
Masioro npudopa Buka B cooTBeTCTBHE ¢ MeTOIUKaMu. Pe-
3yJbTaThl OMpEIENCHUS HOPMaJbHOM T'yCTOTHI LEMEHTOB,
M3MENBYEHHBIX JI0 yeIbHOM noBepxHocTH 400 M%/KT, npu
pazmuunbix cooTHomeHusx CAK u aByBomHOro rumca
CaS042H>0 npencrapiicHbl B TA0IHIE 2.

Results and Discussion

Cements with gypsum additives were prepared by mix-
ing. Determination of standard consistency and setting times
of cements was carried out using a small Vicat apparatus ac-
cording to standard methods. The results of determining the
standard consistency of cements, ground to a specific surface
area of 400 m?kg, at different ratios of CSA and dihydrate
gypsum CaSQO42H:0 are presented in Table 2.

TABJHULA 2 BJIUSHUE JOBABOK I'NHIICA HA HOPMAJIBHYIO I'YCTOTY U CPOKH CXBATBIBAHUS
CYJIb®OATIOMUHATHBIX HEMEHTOB
Table 2 Influence of gypsum additives on standard consistency and setting times of calcium sulfoaluminate cements

Cpoxu cXBaTbIBaHNS, MUH
Coaep:xanue rumnca B eMeHTe, HopmanbHhas rycrora, Setti . .
o o etting time, min
LG ) 0 HAYAJI0 KOHE
Gypsum content in cement, wt.% Normal density, % .. !

beginning end

0 40 10 15

5 35 20 35

15 30 30 70

Y CTaHOBIIEHO, YTO HOPMANBHAS TYCTOTA CYIh(pOaTFOMH-
HATHOTO [IEMECHTAa YMCHBIIIACTCS MIPH BBEACHUH B €T0 COCTaB
nmo6aBok nByBogHOTO THIca ¢ 40 % (0 macc.% rumca) go 35
1 30 % B ciyuyae BBeZleHUs B €ro cocTas 5 1 15 macc.% rurmca
COOTBETCTBCHHO. J/laHHOE SIBJICHHE MOXHO OOBSCHUTH TEM,
YTO B MPUCYTCTBUU TUIICA 00PA3YIOTCS KPYITHbIE KPUCTAILIBI
srrpunruta 3Ca0-Al,03-3CaS04-2H,0, aacopoOupyromue
MEHBIIIEe KOJUYECTBO BOJBI, YeM OOPa3yIOIIUecs: B OTCYT-
CTBHH runca Kkpuctamwisl AF,- ¢pa3 (ruapoanroMUHaTHI Kajlb-
IUST Pa3IMIHOTO COCTaBa).

YCTaHOBJIEHO, YTO CPOKH CXBAThIBAHHS CYJIb(OATIOMU-
HATHOTO IIEMEHTa YJIMHSIOTCS TIPY BBEJICHUU B €r0 COCTaB
n00aBOK ABYBOJHOTO THIICA: Hadajo cxBaTbiBaHus — ¢ 10
muH (0 macc.% runca) go 20 1 30 MUH B cilydae BBEJICHHS B
ero coctaB 5 u 15 macc.% rurca COOTBETCTBEHHO; KOHEI]
CXBaTBIBAHUS — COOTBETCTBEHHO ¢ 15 1o 35 — 70 mun. 3a-
Me/JICHAE CXBaTBIBaHUS IIEMEHTOB B IPHCYTCTBUU JT00aBOK
THIICA MOXHO OOBSICHUTh OOpa30BaHHEM IUIOTHBIX, MAJIO-
MIPOHUIIAEMBIX JIJIsI MOJIEKYJT BOJIBI 000I0YEK U3 KPUCTAIIOB
STTPUHTHTA, CHIDKAIOIIUX CKOPOCTh THIIpATallUU [IEMEHTA

Pe3ynpTatel  MCCIEOBaHHS COBMECTHOTO  BIIMSIHUS
JIBYBOJIHOTO THUIICA M IUIACTUGUIHPYIOMUX J00aBOK
Melment F10 u Melflux 4930F Ha HOpMajbHYIO TyCTOTY
Cynb()OATIOMIUHATHOTO  IIEMEHTa  TPEACTABJICHB  Ha
pucyHkax 1 u 2.

C pocTtoM conep)kaHus BYBOJHOI'O THIICa B IIEMEHTE
3¢ QeKTUBHOCT,  JeicTBUS  000MX  IUIACTU(HUKATOPOB
cHmwkaerca. Tak, g pactBopa ¢ 0,5 macc.%
wiactuuxaropa Melment F10 HopmanbHas TycroTa
nemenra ¢ 5 macc.% runca cocrasuser 23,5 %, a nmus
nemenTa ¢ 15 macc.% runca — 25,0 %. [ns pactBopa ¢ 0,5
Macc.% mnactudukatopa Melflux 4930F HopmanbHas
TrycToTa meMenrta ¢ 5 macc.% rurca cocraBisieT 17,5 %, a
s nementa ¢ 15 mace.% rumca — 20,0 %.

JlarHOE SIBIEHNE MOXKHO OOBSICHHUTH acopOuuneii yactu
miacTu(uKaTopa Ha YaCTHIIAX TUIICA: YeM OOJIbIle THIICa B
cucreMe, TeM OoJiblliee KOJMYECTBO IUIACTH(HKATOpA
ajicopOMpyercss Ha TUICE M TEM MCHbBIICE KOJIUYSCTBO
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It was found that the standard consistency of calcium sul-
foaluminate cement decreases when dihydrate gypsum addi-
tives are introduced into its composition from 40% (0 wt.%
gypsum) to 35% and 30% in the case of introducing 5 and 15
wt.% gypsum, respectively. This phenomenon can be ex-
plained by the fact that in the presence of gypsum, large crys-
tals of ettringite 3Ca0-Al203-3CaS04-32H20 are formed,
which adsorb less water than the AF, phase crystals (calcium
hydroaluminates of various compositions) formed in the ab-
sence of gypsum.

It was found that the setting times of calcium sulfoalumi-
nate cement are prolonged when dihydrate gypsum additives
are introduced into its composition: initial setting increases
from 10 min (0 wt.% gypsum) to 20 and 30 min in the case
of introducing 5 and 15 wt.% gypsum, respectively; final set-
ting increases from 15 min to 35 and 70 min, respectively.
The retardation of cement setting in the presence of gypsum
additives can be explained by the formation of dense, low-
permeability shells of ettringite crystals, which reduce the
rate of cement hydration.

The results of the study of the combined influence of di-
hydrate gypsum and plasticizing additives Melment F10 and
Melflux 4930F on the standard consistency of calcium sul-
foaluminate cement are presented in Figures 1 and 2.

With an increase in the dihydrate gypsum content in the
cement, the effectiveness of both plasticizers decreases.
Thus, for a mixture with 0.5 wt.% plasticizer Melment F10,
the standard consistency of cement with 5 wt.% gypsum is
23.5%, and for cement with 15 wt.% gypsum, it is 25.0%.
For a mixture with 0.5 wt.% plasticizer Melflux 4930F, the
standard consistency of cement with 5 wt.% gypsum is
17.5%, and for cement with 15 wt.% gypsum, it is 20.0%.

This phenomenon can be explained by the adsorption of
part of the plasticizer on gypsum particles: the more gypsum
in the system, the greater the amount of plasticizer adsorbed
on the gypsum and the lesser amount of plasticizer partici-
pates in the plasticization of the calcium sulfoaluminate mix-
ture.
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IUTaCTU(PHUKATOPAa YYaCTBYeT B IUTACTH(UKAIMN pPacTBOpa

CyIb(pOaTIOMHUHATA.
PesynbraThl HCCIEIOBaHHS COBMECTHOTO — BIHSIHUS
IBYBOAHOTO THWIICA W IUIACTUQHUIHPYIOMHX T0OABOK

Melment F10 m Melflux 4930F cpoku cxBaThIBaHHA
CyJ1b(OATIOMUHATHOTO LIEMEHTA MPE/ICTABICHBI Ha PUCYHKE
3.

The results of the study of the combined influence of di-

hydrate gypsum and plasticizing additives Melment F10 and
Melflux 4930F on the setting times of calcium sulfoalumi-
nate cement are presented in Figure 3.

45
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YCTaHOBIIEHO, YTO CPOKH CXBAaTHIBAHUS CYIb(})OATIOMIHAT-
HOTO IIEMEHTA yJUTHHAIOTCS IPU BBEJACHUH B €TO COCTaB J00a-
BOK JIBYBOJIHOTO THIICA: Hadano cxBateiBaHUs — ¢ 10 mun (0
macc.% rurnca) 1o 20 u 30 MUH B ciTydae BBEJCHUS B €70 COCTaB
5 u 15 macc.% rumnca cOOTBETCTBEHHO; KOHEI CXBATbIBAHUS —
COOTBETCTBEHHO ¢ 15 10 35 — 70 MuH.

3amMeyieHIe CXBATHIBAHUS IEMEHTOB B TIPUCYTCTBHH J100a-
BOK THIICA MOXKHO OOBSCHUTH 00pa30BaHUEM ILUIOTHBIX, MaJlo-
MIPOHHUIIAEMBIX TSI MOJIEKYJ BOABI 00OJIOYEK W3 KPHCTAJUIOB
STTPUHTUTA, CHIDKAIOMHWX CKOPOCTh THApATALMU IIEMEHTA.
ITepBuunOit MIPUYHUHOMN CHUXCHHS s dexTuBHOCTH

It was found that the setting times of calcium sulfoalu-
minate cement are prolonged when dihydrate gypsum ad-
ditives are introduced into its composition: initial setting
increases from 10 min (0 wt.% gypsum) to 20 and 30 min
in the case of introducing 5 and 15 wt.% gypsum, respec-
tively; final setting increases from 15 min to 35 and 70
min, respectively.

The retardation of cement setting in the presence of
gypsum additives can be explained by the formation of
dense, low-permeability shells of ettringite crystals, which
reduce the rate of cement hydration. The primary reason
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IUTaCTU(HUKATOPOB SABISIETCS KOHKYpPEHTHAs agcoponms. Moie-
Kynbl noiukapookcmnatHeix 3¢upos (IIKD) agcopbupyrores
HE TOJIBKO HA TMOBEPXHOCTAX KIMHKEPHBIX (a3 (CsAsS, CaS),
HO ¥ Ha BBICOKOPEAKIIMOHHBIX MTOBEPXHOCTSAX YACTHII TBYBOJI-
HOro Tumca. [Ipy NOBBINICHHOM CONEpKaHWW THIICA 3HAYH-
TeNbHAs 10JISl BBEICHHOTO TUIACTU(UKATOpa UMMOONIIN3YETCS
Ha €ro MOBEPXHOCTH, YTO CHIYKAET KOJIMYECTBO aKTHBHOTO Be-
LIECTBA, IOCTYITHOTO JIsl TUCTIEPrUpOBaHus KIIMHKepa. Takum
o0pa3oM, «pabouas» KOHICHTpANUs IIACTU(PUKATOPA B CH-
CTeMe NaJaeT, 4YTO ¥ NPUBOAUT K CHHYKEHHIO BOJOPEAYLIUPYIO-
mero g dexTa.

3amemsiomiee AeHCTBHE TUIca 00BsIcCHAETCS (popMupoBa-
HHEM Ha TOBEPXHOCTH 3€PEH KIMHKEpa ITIOTHOTO, HU3KOIIPO-
HUIIAEMOTO 0aphepHOTO CIIOSI U3 PAaHHUX 3TTPUHTHTOBEHIX (a3
(AFt). DToT croif 3KkpaHHpyeT MOBEPXHOCTh YACTHII IEMEHTA,
3arpynEas Auddy3uio BOIABI W MOHOB K HETPOpearrnpoBaB-
HIeMYy SIAPY, ¥ TEM CaMbIM 3HAYMTENHLHO TOPMO3MT AajbHEH-
IIKe MPOoLEecChl ruapaTanyy. YeM Bblllle KOHLIIEHTPAIS THIICA,
TeM OoJiee CIUIOLIHON U MJIOTHBIA 00pa3yeTcst STTPUHTHTOBBIH
Oaprep, YTO W MPHUBOAUT K OOJiee 3HAUYMUTEILHOW 3aICPiKKE
CXBaTBIBAHUSL.

BBenenue 106aBoK 1acTu(UKaTOPOB B PacTBOPHI HA OC-
HOBE CYIb(OATIOMHHATHOTO IIEMEHTa, HE COAEpKaIlero
THUIICA, TAKKE MPUBOANUT K Y/UIMHCHHUIO CPOKOB CXBATHIBAHUS
LIEMEHTA: HayaJlo cXBaTbiBaHus yBenuuusaercs ¢ 10 no 17 —20
muH 11t Melment F10 u no 14 — 20 mun ms Melflux 4930F.

for the decrease in the effectiveness of plasticizers is com-
petitive adsorption. The molecules of polycarboxylate
ethers (PCE) are adsorbed not only on the surfaces of
clinker phases (C4AsS, C2S) but also on the highly reactive
surfaces of dihydrate gypsum particles. With increased
gypsum content, a significant portion of the introduced
plasticizer is immobilized on its surface, which reduces
the amount of active substance available for dispersing the
clinker. Thus, the "working" concentration of the plasti-
cizer in the system drops, which leads to a decrease in the
water-reducing effect.

The retarding effect of gypsum is explained by the for-
mation of a dense, low-permeability barrier layer of early
ettringite phases (AF;) on the surface of the clinker grains.
This layer shields the surface of the cement particles, hin-
dering the diffusion of water and ions to the unreacted
core, and thereby significantly slows down further hydra-
tion processes. The higher the concentration of gypsum,
the more continuous and denser the ettringite barrier
formed, which leads to a more significant delay in setting.

The introduction of plasticizer additives into mixtures
based on calcium sulfoaluminate cement without gypsum
also leads to a prolongation of the cement setting times:
the initial setting time increases from 10 min to 17-20 min
for Melment F10 and to 14-20 min for Melflux 4930F.
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JlaHHOE SIBIICHNE MOXHO OOBSICHUTD TEM, YTO MOJICKYJIBI IJ1a-
cTudukaTopa, acopOUpysCh Ha YaCTULAX BSDKYILETO, OTTaIKH-
BAIOT MOJIEKYJIBI BOJBI M TEM CaMbIM HECKOJIBKO TOPMO3ST €T0
CKOPOCTb TH/IpATalUH.

[Tpwu BBeneHuM macTH(UKaTOPOB B COCTAB PACTBOPOB HA OC-
HOBE CYJIb()OUTIOMHHATHOTO IIEMEHTa ¢ 100aBKaMH JIByBOIHOTO
THIICa BpeMs Ha4aJlo CXBaThIBaHMUS LIEMEHTOB elle OoJiee yBein-
yuBaercs (Ha 2 — 6 MUH B CPaBHEHUH ¢ OE3TUIICOBBIM BSDKYIIHM),
a BpeMs KOHIIa CXBaTBIBAHMsI HE U3MEHSETCS MJIM HEMHOTO YBe-
JMYUBACTCS.
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This phenomenon can be explained by the fact that
the plasticizer molecules, adsorbing on the binder parti-
cles, repel water molecules and thereby somewhat slow
down its hydration rate.

When plasticizers are introduced into the composi-
tion of mixtures based on calcium sulfoaluminate ce-
ment with dihydrate gypsum additives, the initial setting
time of the cements increases even more (by 2-6 min
compared to the gypsum-free binder), and the final set-
ting time does not change or increases slightly.
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B nanHOM ciTydae yBeNIWYEeHHE CPOKOB CXBATHIBAHHS BSIKY-
IET0 MOXKHO OOBACHHUTH ABOHHBIM JIEHCTBHEM MaJIONPOHHIIAC-
MO 000JI0YKH KPUCTAIUIOB STTPHHTUTA U OTTAIKUBAaHHEM MOJIe-
KyJI BOABI aICOPOMPOBAHHBIM INTACTU(PUKATOPOM, TIPHUBOISIINM
K 3aMeJICHHIO TIPOIIECCOB THAPATAIIH [IEMCHTA.

BoiBoab1

IIpoBenicHHOE HCCIICAOBAHKE MO3BOJUIIO YCTAHOBUTH KOM-
TUICKCHOE BIIUSTHHUE BYBOJHOTO THIICA U TUTACTH(QHUIUPYIOIIAX
00aBOK Ha CBOMCTBA CYNb()OATIOMHHATHOTO IIEMEHTAa M BBI-
SIBUTH CJIEYIOIIHE 3aKOHOMEPHOCTH:

1. B orcyrcTBHM mmacTH(GHUKATOpOB H0OaBKa THIICA CHU-
KAET HOPMAIBbHYIO TYCTOTY CYJb(OATIOMHHATHOTO IEMEHTA;
CHIMKEHHE HOPMAJIbHOM T'YCTOTHI YBEIUUUBACTCS C POCTOM KOH-

In this case, the increase in the setting times of the
binder can be explained by the dual action of the low-
permeability shell of ettringite crystals and the repulsion
of water molecules by the adsorbed plasticizer, leading
to a slowdown in the cement hydration processes.

Conclusions

The conducted research allowed us to establish the
complex influence of dihydrate gypsum and plasticizing
additives on the properties of calcium sulfoaluminate ce-
ment and identify the following patterns:

1. In the absence of plasticizers, the addition of
gypsum reduces the standard consistency of calcium sul-
foaluminate cement; the reduction in standard con-

HEeHTpanuy 100aBKH TUTICA.

sistency increases with increasing concentration of the

2. JobaBku  1uacTH(UKATOPOB  pe3ko  CHmWkAWT gypsum additive.
HOpPMaJIbHYI0  TYCTOTY  IEMEHTOB,  0Oojee  BBICOKYIO 2. Additives of plasticizers sharply reduce the
3¢ (GeKTHBHOCTh MMEET MoJuKapOoKcuiIaTHei iactudukarop standard consistency of cements; the polycarboxylate
Melflux 4930F; plasticizer Melflux 4930F has higher efficiency;

3. C pocrtoM  KOHIEHTpanuud  jJ00aBKM  rurica 3. With an increase in the concentration of the

3¢ PEKTUBHOCTD JCHCTBUS IACTU(HUKATOPOB YMEHBIIIAETCS;

4. I[063BKI/I Trurca n HJ'IaCTI/ICI)I/IKaTOPOB, KaK BBCJICHHEBIC B
COCTaB HEMCHTA PAa3ACJIbHO, TAK U COBMCCTHO, YJIMHAIOT CPOKU 4.

Havajla 1 KOHIIa CXBAaTbIBaHUA ICMCHTA,

5. Dbonee cunbHOE 3ameassoLIee JEHCTBHE HA CPOKHU

gypsum additive, the effectiveness of the plasticizers
decreases;

Additives of gypsum and plasticizers, both
introduced into the cement composition separately and
jointly, prolong the initial and final setting times of the

CXBAaTBIBAHUS CyJNb(QOATIOMHHATHOIO LEMEHTa OKa3bIBAaIOT —cement;

JI0OABKH IBYBOJHOTO THIICA. 5. Additives of dihydrate gypsum have a stronger
retarding effect on the setting times of calcium
sulfoaluminate cement.
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