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MOJUPUITAPOBAHUE CBOMCTB I'lIPOTEXHUYECKUX BETOHOB .
JOBABKAMH HA OCHOBE BBICOKOMOJIEKYJISAPHBIX COEIMHEHUU

Camuenxo C.B.!, Todoaes I1./1.!

"HauuonanbHblii HecaenoBaTeabecKuii MOCKOBCKHI TOCY1apCTBEHHbI CTPOUTENLHBINH YHHBEPCUTET

AHHOTANUA

Obecneuenue 8bICOKOLU 6000HENPOHUYACMOCMU, MOPO30CMOUKOCMU U KOPPO3UOHHOU CIOUKOCMU KOHCIMPYKYULL 2UOPOMEXHUUECKUX CO-
OpyoHceHUtl docmueaemes co30anuem 6emoHo8 NAOMHOU CMPYKMypbl, NO360AA10Uell BOCHPUHUMATNG A2PeCcCUBHble 8030elicmeus. Dmo 603-
MOHCHO MOOupuKayuell cmpykmypsbli 6emona noIUMepHbIMU 000A8KAMU HOB020 NOKOAeHUA. Beedenue nonumepnsix 0obasox oxasvieaem
naacmuduyupyrouee deticmeue u CHOCOOCMEYEm COXPAHEHUI) MEXHOIOSUYECKUX CE0UCME OEMOHHOU cMecu, MOOUpuyupyem noposyro
cmpykmypy 6emoHa u oKazvieaem 6iUsHUE HA (OPMUPOBAHUE NPOYHOCIU YEMEHMHO20 KAMHA. B pabome npedcmasienvl pe3yibmanvl
uccnedo8anuti 0 GAUAHUU NOTUMEPHOU 00DABKU HA OCHOBE NOTUBUHUINUPPOIUOOHA HA OCHOBHbIE CEOUCMBA NOPMAAHOYEMEHMHOZ0 BANCY-
we2o0. Ycmanosneno, umo npouHOCHs Ha colcamue 6 6o3pacme 2 Cym noguluiaemcs Ha 7% npu co0epiucanuy NOIUMepHol 000asKu 6 Kou-
uecmee 0,8%. Takoice 66edenue nonrumeproll 006a6Ku NOGvlULAem NPOUYHOCMb HA Colcamue 6 go3pacme 28 cym npu ee co0epicanuul 8 Konu-
uyecmee 0,6 u 0,8% na 22 u 27% coomsemcmeenno. Y cmanosieHo e1usHue ROJUMEPHO20 MOOUDUKAMOpa Ha GopMuposanue nepeoHayalb-
HOU CIMPYKMYpbl, NPOAGIAIUEECS 8 YEeNUYeHUU BPEMEHU HAYad U YCKOPEHUU KOHYA CX8ambleanus. H3yuena Kunemuka meniogoloeneHus
YeMeHmHO20 Mmecma 8 NPUCYMCMEUU NoIUMepHo20 Moouguxamopa 6 konuwecmse 0,6 %. Ilpusedenvi dannvle ¢pazoeo2o cocmasa yemenm-
HO20 KAMHS 8 RPUCYMCMBUU NOTUMEPHO20 MOOUPUKAmMOpa. Ycmanoeieno ¢ noMowbio Memooo8 1eKmpoHHO-MUKPOCKONUYECKO20 aHAU3d,
umo 8eedeHue NOIUMEPHOL 000ABKU CHOCOOCMEYenm MOOUPDUKAYUL MUKDOCTPYKINYDbL YeMEHMHO20 KAMHS ¢ 00pazoeanuem 6oiee niomHo
00HOPOOHOU cmpyKkmypbl. TIpusedennvle pe3yabmamul UCCIEO08AHUL YHUMBIBAIOMCS NPU PaA3pabomKe cocmagos O6emonos ¢ KOMNIEKCOM
3A0aHHBIX CBOTICME, HEOOXOOUMBIX Ol CHIPOUMENbCMEA CUOPOMEXHUYECKUX COOPYHCEHUI.

KJUIIOUYEBBIE CJIOBA: czuopomexuuueckuii 6emon, nopmaandyemenm, norumepnas 006a6Kka, YRIOMHeHue CImpyKmypbl, CmpyK-
mypoobpasosanue
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MODIFICATION OF HYDRAULIC ENGINEERING CONCRETE PROPERTIES BY
ADDITIVES BASED ON HIGH MOLECULAR WEIGHT COMPOUNDS
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ABSTRACT

Ensuring high water resistance, frost resistance and corrosion resistance of hydraulic structures is achieved by creating concrete with a
dense structure that can absorb aggressive influences. This is possible by modifying the structure of concrete with polymer additives of new
generation. The introduction of polymer additives has a plasticizing effect and contributes to the preservation of technological properties of
the concrete mixture, modifies the pore structure of concrete and influences the formation of cement stone strength. The paper presents the
results of research on the effect of polymer additive based on polyvinylpyrrolidone on the basic properties of Portland cement binder. It was
Jfound that the compressive strength at the age of 2 days increases by 7% at the content of polymer additive in the amount of 0.8%. Also,
introduction of polymer additive increases the compressive strength at the age of 28 days at its content of 0.6 and 0.8% by 22 and 27%,
respectively. The effect of polymer modifier on the formation of the initial structure, manifested in the increase in the time of the beginning
and acceleration of the end of setting has been established. The kinetics of heat release of cement dough in the presence of polymeric modifier
in the amount of 0.6 % has been studied. The data on the phase composition of cement stone in the presence of polymer modifier are given.
1t is established by means of electron microscopic analysis that the introduction of polymeric admixture promotes modification of cement
stone microstructure with formation of more dense homogeneous structure. The given research results are taken into account in the devel-
opment of concrete compositions with a set of specified properties required for the construction of hydraulic structures.
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BBEJEHUE

KoHCTpyKImM THAPOTEXHUYECKHX COOPY)KEHHH MOoJBeEp-
JKEHBI BO3/ICHCTBUIO Pa3IMYHBIX (PaKTOPOB, BKIFOYAIOIINX IO~
MepeMEHHOE WJIM TIOCTOSIHHOE BO3JICHCTBHE BOJBI M HU3KHX
TeMIIepaTyp, BO3IciicTBHE Ha OETOH arpeCCHBHBIX BOJ X HAHO-
COB, CITOCOOCTBYIOIINX BHIMICITAYNBAHUIO, & TAKKE KaBUTALIUS
W pa3nuyHble BUABI Kopposuu [1-5]. [Toaromy monydenune Ge-
TOHOB 33JaHHOW MIPOYHOCTH ¥ JOITOBEYHOCTH SIBIISICTCS aKTy-
aILHOM 3a7a4eil.

JonroseuHocTs 6eTOHA 0OecTIednBaeTCS MPABUIBHBIM BBI-
60pOM BSKYIIMX U 3alIOJHUTENEH, palliOHAIBHBIM IT0A00POM
cocTaBa OETOHHOM CMeCH, ee YKJIaJKHU U YIUIOTHEHHsI, a TAaKXKe
HEOOXOIMMBIM YXOJIOM TBepcroIiero 6erona [6-10].

W3BecTHO, YTO K OCHOBHBIM ITOJIOXKEHUSIM IIPU IPOEKTHPO-
BaHMHU cocTaBa O€TOHA MACCHBHBIX KOHCTPYKLMH T'HIPOTEXHHU-
YECKHUX COOPY)KEHHH MO>KHO OTHECTH MHHHUMAJIBHOE COJIepIKa-
HUE MOPTIAHAIIEMEHTa I BHYTPEHHUX YacTed MAaCCHBHBIX
coopyxeHuit [11]. B rumpoTexHHUECKMX OCTOHaX MOXKHO
YCIIOBHO BBIICIUTH 30HBI, KOTOpHIE HanOoJee IOABEPIKECHBI
BHEITHUM BO3eicTBUAM. Tak, HanmpuMep, K OETOHaM HapyX-
HBIX 30H MPEIBSIBIAIOTCS TPEOOBAaHMS COMPOTHBICHHUIO BHEIII-
HUM (pakTOopam U BojoHenpoHuaeMocTu [S5]. ['uaporexHuue-
CKuil OETOH [Tt OOJIMIIOBKH KAaHAJIOB [MOJBEPracTcs CHCTeMa-
TUYCCKOMY YBJIAXKHCHUIO U BBICBIXaHHUIO, ITO3TOMY 3TH (baK-
TOphI OYIyT OKa3bIBaTh BO3JCHCTBHE HA IOJTOBEYHOCTH U
MPOYHOCTh OeToHa [1,2].

OTIMYUTENEHBIME CBOMCTBAMH THAPOTEXHUYECKOro Oe-
TOHA SIBJISIIOTCS BBICOKAs BOAOHEPOHUIIAEMOCTb, COPOTHBIIS-
€MOCTb BO3JICHCTBHIO BHELIIHEH CpeJIbl, IPOYHOCTH M HCTHpAe-
MocTb [9]. [lonydyeHne cocTaBoB ¢ TAKUMH BBICOKMMH TOKa3a-
TEISIMHA BO3MOXKHO TIPH HCITONB30BAHWU PAIIMOHATIHHO ITOJI0-
OpaHHOI cMeCH BSDKYIIETO, 3aTI0JHHUTENEH 1 KOMILUIEKca J00a-
BOK, MOAN(UIIMPYIOMUX CTPYKTYpy OeToHa [3, 12-15].

Jnsa obecriedyeHns BBICOKOW KOPPO3MOHHOM CTOWKOCTH U
BOJIOHETIPOHUIIAEMOCTH HEOOXOOMMO CO3JaHHE IJIOTHOH
CTPYKTYPBI, IIO3BOJISIOLIEH BOCIPUHUMATh arpECCUBHBIE BO3-
JIEHCTBUS. DTO MOCTUTACTCS MPUMEHCHHEM IUIACTUDUIUPYTO-
HMX J00aBOK, MUKPOHAIIOJIHUTEIICH M CIHCIHAIbHBIX BSDKY-
X, CHIDKCHUEM BOJIOLIEMEHTHOTO OTHOIIEHUs [ 16-24].

OpHUM M3 CHOCOOOB IMOBBIMICHUST BOJOHETTPOHUIIAEMOCTH
1 MOPO30CTOMKOCTH OETOHOB SIBJISIETCSI BBEJJCHUE B X COCTaB
CIEeTHATBHBIX 100aBOK, CITOCOOCTBYFOIINX TOBEIMICHHIO TIIOT-
HOCTH O€TOHA, MEXaHHU3M JICHCTBHA KOTOPBIX OCHOBAH Ha KOJIb-
MaTalyy Mop pa3MepoM Ooiee | MKM W YIUTOTHEHHS CTPYK-
Typsl OeToHa. B HacTosee BpeMst acCOPTUMEHT 100aBOK-MO-
JTUGUKATOPOB UL TOBBIIICHHSI BOJIOHETIPOHUIIAEMOCTH JJOCTA-
TOouHO MHUPOK. CyIIecTBYIOT J0OABKH, KOTOPBIE CIIOCOOHEHI IT0-
BBICHUTB 3TO CBOIMCTBO B HECKOJIBKO pa3. K HUM MOXXHO OTHECTH
pasnuyHble MOAM(DUKATOPHI, MOBHIIIAOIIAE HE TOJIBKO BOIO-
HENPOHHUIIAEMOCTh U MOPO30CTOWKOCTh, HO M TIOJIBUKHOCTb,
HepaccIauBaeMoOCTh, KOPPO3HMOHHYIO CTOMKOCTh OETOHHOM
cMmec U 6eroHa. OCHOBHBIMH TIPEJCTABUTEISIMU TaKHUX j100a-
BOK SIBJISIFOTCSI HUTPAThI, XJIOPUABI U CyNb(haThl xKeje3a, HUT-
paThl Kalblysl, KOMIUIEKCHbIE OPraHOMHHEpaJIbHbIE JJ00aBKH,
OUTYMHEIC 3MYIIECUH, TIOIMMEPHBIC JOOABKY (NI THIICHTITUKO-
nesas JIOT-1, tpustunenrnukonesast TOI'-1, nonnamunnas C-
89), creaparsl IUHKA U Kanbnus [25-27].

Ha ceronusmnanii nerp HanboIee TOCTYyIMHBIMA MOIU(HKa-
TOpaMH, KOTOpbIe MOATBEPANUIHN CBOIO 3((HEeKTUBHOCTD, SBIS-
10TCs 100aBKM Ha OCHOBE MoauMepoB. [lonumepHbie 100aBKH
BBOJISITCSL B HEOOJBIITUX KOJWYECTBaX OT Macchl mementa (1-

INTRODUCTION

Structures of hydraulic engineering structures are ex-
posed to various factors, including alternating or constant
exposure to water and low temperatures, exposure of con-
crete to aggressive waters and sediments that contribute to
leaching, as well as cavitation and various types of corro-
sion [1-5]. Therefore, obtaining concretes of a given
strength and durability is an urgent task.

The durability of concrete is ensured by proper selec-
tion of binders and aggregates, rational selection of con-
crete mixture composition, its placement and compaction,
as well as the necessary care of hardening concrete [6-10].

It is known that the main provisions for designing the
concrete composition of massive structures of hydraulic
engineering structures include the minimum content of
Portland cement for the internal parts of massive structures
[11]. In hydrotechnical concretes it is possible to condi-
tionally allocate zones which are most exposed to external
influences. Thus, for example, the concrete of external
zones is subject to the requirements of resistance to exter-
nal factors and water resistance [5]. Hydrotechnical con-
crete for canal lining is subjected to systematic moistening
and drying, so these factors will affect the durability and
strength of concrete [1,2].

The distinctive properties of hydraulic concrete are
high water resistance, resistance to environmental influ-
ences, strength and abrasion resistance [9]. Obtaining
compositions with such high performance is possible
when using a rationally selected mixture of binder, aggre-
gates and a complex of additives that modify the structure
of concrete [3, 12-15].

To ensure high corrosion resistance and water re-
sistance, it is necessary to create a dense structure that al-
lows to absorb aggressive effects. This is achieved by us-
ing plasticizing additives, microfillers and special binders,
reducing the water-cement ratio [16-24].

One of the ways to increase the water and frost re-
sistance of concrete is the introduction of special additives
that increase the density of concrete, the mechanism of ac-
tion of which is based on the colmatization of pores larger
than 1 micron and the compaction of the concrete struc-
ture. Currently, the range of additives-modifiers to in-
crease water resistance is quite wide. There are additives
that can increase this property several times. These include
various modifiers that increase not only water and frost re-
sistance, but also mobility, non-dissolution, corrosion re-
sistance of concrete mixture and concrete. The main rep-
resentatives of such additives are nitrates, iron chlorides
and sulfates, calcium nitrates, complex organomineral ad-
ditives, bituminous emulsions, polymer additives (diethy-
lene glycol DEG-1, triethylene glycol TEG-1, polyamine
C-89), zinc and calcium stearates [25-27].

Today, the most available modifiers that have proven
their effectiveness are polymer-based additives. Polymer
additives are introduced in small quantities of cement
mass (1-2%) and have different effects on concrete prop-
erties. The mechanism of their action is the formation of a
thin polymer film, which contributes to a stronger
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2%) ¥ 1o-pa3HOMY OTpaKaroTCsl Ha CBOMCTBax OeroHa. Mexa-
HU3M JEHCTBUS UX 3aKIII0YaeTCsl B 00pa30BaHUU TOHKOH IOJIHU-
MEpHOW TUICHKH, KOTOpas CIIOCOOCTBYET 0oJiee MPOYHOMY CO-
CMHCHUIO KOMIIOHCHTOB OCTOHHOW cMmecu Mexay coboit. K
HanOoiee W3Y4YEHHBIM OTHOCATCS T'MIPOKCUICOZEpIKaIle
OJIMTOMEPHI ¥ MOJIMMEPHI 1IEJICBOT0 Ha3HAYEHUsS - TTOJIMBUHH-
JIOBBIE CITUPTHI, BOJOPACTBOPUMBIE (PEHOJIBHBIE M MOIMAMHH-
Hasl CMOJIBI, aTU(aTHIECKHE AMOKCHIHbBIE CMOJIBI Mapok 19T -
1 m TOI'-1, a Takxke aneToHO(POPMAIBACTHIHBIE OIUTOMEPHI
[28-32].

MexaHu3M IeHCTBHUS TaKUX H00ABOK 3aKIIOYAETCS B TOM,
YTO OHU aJCOPOUPYIOTCS TOBEPXHOCTSMH T'HAPATHBIX HOBOOO-
pa30BaHMi U NMPAKTUYECKH HE aJCOPOUPYIOTCSI HETHIPATHPO-
BAaHHBIMM 3€pHAMHU LieMeHTa. [Ipu 3TOM BOAHBII pacTBOp 10-
0aBKM MOHIKAET MTOBEPXHOCTHOE HATSHKEHUE Ha TPaHMIIE pa3-
Jienia KHUJIKOW M TBepAoil (a3bl M pa3oOIiaeT YacTUIlbl BSIKY-
mero. AncopOupoBaHHBIE MMOBEPXHOCTSMH 3apObIlIeld T'Mi-
paTHBIX COEAMHEHWH IJIEHKH 3aTPYAHSIOT POCT KPHCTAJUIOB
HOBOOOpPa30BaHMUIl ¢ OTHOBPEMEHHBIM YBEIMUCHUEM YHCIIA 3a-
POABIIIEH U ANCTIEPCHOCTH KPHCTAJUIOTHPATOB. TakuM 00pa-
30M, OHH MOTYT OKa3bIBaTh CTAOMIN3UPYIOIIEE NEHCTBHUE B MH-
JTYKIMOHHBIH TIEPHOJ] CTPYKTypOOOpa30BaHUs M B MOCIEIYIO-
IIIEM HE 3aMEUIAI0OT IPOLeCC TBEPACHHU U Habopa MPOYHOCTH
6eToHa B paHHHE CPOKH.

HpI/IMeHCHI/Ie BOJOPACTBOPUMBIX CMOJI ITO3BOJIACT CHU3SUTH
BOJIOTIOTPeOHOCTh OeToHHOM cMecu Ha 10-20% u pacxon 1e-
MeHTa Ha 10-15% [31]. IIpucyTcTBHE THAPOKCUIIBHBIX TPYII B
9THUX CMOJIaX OKa3bIBACT 3HAYUTCIIbHOC BJIMAHUE HA ITPOYHOCT-
HBle U nedopMaTuBHBIE CBOMCTBA OeToHOB. HecmoTpst Ha He-
3HAYUTEIBHOE COJIEP)KaHHE THIIPOKCHIIBHBIX TPYIIT B BOJOPAC-
TBOPHMBIX STOKCHIHBIX CMOJIax, KOJMYECTBO KOTOPBIX Haxo-
JTCs B ripenenax 7-9%, BBeieHne B OETOH 3TOTO MOJIMMEPA OT
1 10 2% crtocoOCTBYET HE TOIBKO MOBBIMICHUIO TPOYHOCTH B 2
pasa, HO IO3BOJIIET BBOE YMEHBIIUTH ycajouHble aehopma-
uu [32].

OCHOBHBIM HEIOCTATKOM BOJOPACTBOPUMBIX CMOJ SIBIISI-
eTCsl UX BBICOKAsi CTOMMOCTb, @ TAK)KE HEOOXOJUMOCTh BBEJIC-
HUs B 6ombiioM kosmuectBe (1-2%).

AcCOPTHMEHT NOJIMMEPHBIX 100aBOK MOCTOSHHO PacIIUps-
etrcs. B mocnenqHee BpeMs npescTaBieHbl HOBBIE Pa3HOBHUIHO-
CTH MOAN(UKATOPOB OETOHA, KOTOPHIM MOYKHO OTHECTH TIOJIHU-
MEpHYIO J00aBKY Ha OCHOBE BOJJIOPACTBOPUMOTO BBICOKOMOJIE-
KYyJISIPHOTO TTOJIMBUHMIITUPPOIIHIOHA.

Henp nanHHOM HCCIEI0BATENbCKOH PadoThl SBISIOCH
M3y4YEeHUE BIMSIHUS BOJOPACTBOPUMOIL 100aBKH Ha OCHOBE T10-
JVBHHWINMPPOINIOHA HAa OCHOBHBIC CBOMCTBa NMOPTIAHLE-
MEHTHOT'O BSDKYILETO.

MarepuaJjbl M1 METOABI

B nanHOM HMCcnenoBaHUM ISl OLEHKH BIMSHUS TOJINMEp-
HBIX 100aBOK Ha CBOMCTBA BSDKYIIETO MPUMEHSIINCH CIEAYIO-
M€ MaTepHabl:

- nmoptinanauement [IEM 0 42,5H npoussoactBa 3A0
«OckonuemMeHT», cooTBeTcTBytomuii Tpedoanusim ['OCT
31108-2020 «LlemeHThl OOUIECTpOUTENbHBIE. TEeXHUYECKHUE
YCIIOBUS». MUHEPAJIOTHYEeCKHH COCTaB IMOPTIaHALEMEHTa
npejcTaBieH B Tab. 1.

- TonuMepHas 100aBKa Ha OCHOBE IOJIMBUHMIITUPPOIIHU-
JIOHa, OCHOBHBIE CBOHCTBA KOTOPOH MpEICTAaBICHBI B Ta0IMI. 2.

- Boga BogonpoBoauas mo 'OCT 23732-2011 «Bona mns
6GETOHOB M CTPOUTENBHBIX PACTBOPOBY.
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connection of the components of the concrete mixture be-
tween themselves. Among the most studied are hydroxyl-
containing oligomers and polymers of target purpose - po-
livinyl alcohols, water-soluble phenolic and po-liamine
resins, aliphatic epoxy resins of DEG-1 and TEG-1 grades,
as well as acetone-formaldehyde oligomers [28-32].

The mechanism of action of such additives is that they
are adsorbed by the surfaces of hydrate formations and
practically not adsorbed by non-hydrated cement grains.
In this case, the aqueous solution of the additive lowers the
surface tension at the interface between liquid and solid
phases and separates the binder particles. The films ad-
sorbed by the surfaces of hydrate nuclei impede the growth
of crystals of new formations with a simultaneous increase
in the number of nuclei and dispersity of crystalline hy-
drates. Thus, they can have a stabilizing effect in the in-
duction period of structure formation and in the aftermath
do not slow down the process of hardening and strength
gain of concrete in the early terms.

The use of water-soluble resins can reduce the water
consumption of concrete mixture by 10-20% and cement
consumption by 10-15% [31]. The presence of hydroxyl
groups in these resins has a significant effect on the
strength and deformation properties of concrete. Despite
the insignificant content of hydroxyl groups in water-sol-
uble epoxy resins, the amount of which is in the range of
7-9%, the introduction of this polymer into concrete from
1 to 2% contributes not only to a 2-fold increase in
strength, but also allows to halve shrinkage deformations
[32].

The main disadvantage of water-soluble resins is their
high cost, as well as the need for large quantities (1-2%).

The range of polymer additives is constantly expand-
ing. Recently, new varieties of concrete modifiers have
been presented, to which can be attributed a polymeric ad-
ditive based on water-soluble high-molecular polyvi-
nylpyrrolidone.

The purpose of this research work was to study the
effect of water-soluble additive based on polyvinylpyrrol-
idone on the basic properties of Portland cement

Materials and methods

The following materials were used in this study to
evaluate the effect of polymer additives on binder proper-
ties:

- Portland cement CEM 0 42,5H produced by CJSC
“Oskolcement”, corresponding to the requirements of
GOST 31108-2020 “Cements for general construction.
Technical conditions”. Mineralogical composition of Port-
land cement is presented in Table 1.

- polymeric additive on the basis of polyvinylpyrroli-
don, the main properties of which are presented in Table

- tap water according to GOST 23732-2011 “Water for
concrete and mortars”.
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TABJIUIA 1 MUHEPAJIOTUYECKUIA COCTAB MOPTJAHJIEMEHTA IIEM 0 42,5H
Table 1 - Mineralogical composition of Portland cement CEM 0 42,5H

Copep:xxanue MUHEPaJIOB, %

Cs3S C2S C3A

CsAF MgO ILILII

61,77 13,56 6,66

14,89 0,98 1,25

TABJIUIIA 2 - OCHOBHBIE CBOMCTBA IMOJIUMEPHOM JOBABKH

Table 2 - Main properties of polymer additive

Ne HaunMeHoBaHMe MOKa3aTest XapakTepucTHKA U HOpMa
1 Onycanme Bsi3kas mpo3padHasi Wi Clierka onajieciupyomas
OcclBeTHAs WM CIIA00OKpAIICHHAs! XKIJIKOCTh

2 PactBopumocTh Jlerko pacTBOpHUM B BOJI€, B CIUPTE

3 [TnoTHOCTH, T/CM? 1,01-1,03

4 pH 5-11

5 Bsskocts, MIla-c 3000-5000

6 Coneprxanue IEHCTBYIONIETO BENIeCTBa, % 10-15

J1st uccnenoBanuss HOPMAIbHOW TYCTOTHI IIEMEHTHOTO
TECTa ¥ CPOKOB CXBaThIBaHUS MPUMEHsUICS pubop Buka co-
rnmacio meroguke I'OCT 310.3-76 «llemenTtsl. MeToabl
ONpeesIeHUs] HOPMAJIBHOM I'yCTOTBI, CPOKOB CXBATHIBAHUS U
PaBHOMEPHOCTH HU3MEHEHUsT oObemay. s ompeneneHus
MPOYHOCTH TPH U3THOEC TOTOBWIICS IIEMEHTHEIA PacTBOp B
cootBercTBuu ¢ ['OCT 310.1-79 «IlemenTh. MeTOABI UCTTBI-
taHu. OO0mue monokeHus». BBeneHwne MOTMMEpPHOH H0-
0aBKH B [IEMEHTHOE TECTO U PACTBOPHYIO CMECh OCYIIIECTB-
JISITOCH BMECTE C BOJIO 3aTBOPEHUSI.

Jna mccnenoBaHus BIMSHUS MOJUMEPHON 100aBKHM Ha
MIPOYHOCTHBIE CBOMCTBA IIEMEHTHOT'O KaMHsI TOTOBUIIUCH 00-
pasip-Kyosl pazmMepoM 20%20 MM Ha TeCTE HOPMAJIBHOM T'y-
CTOTHI, KOTOpasi coctaBuna 25%. Iy uccnenoBaHust BiMs-
HUS TTOJIMMEPHON JT00aBKM Ha MPOYHOCTHBIC CBOMCTBA MpHU
n3rube  TOTOBWJIMCH  OOpa3lbI-0aloukd  pazMepoM
40x40x160 MM u3 cmecu coctaBa 1:3 Ha U3 CTaHAAPTHOTO
MOHO(PaKIIMOHHOTO TIeCKa MPHU BOJOLIEMCHTHOM OTHOIIIC-
Huu, paBHoM 0,4. KoiryecTBOo BBOAMMOMN B LIEMEHTHOE Te-
cTo u pacTBop Ho6aBku coctasmio 0,4; 0,6 u 0,8% ot Macce
meMenTa. Jlajgee cMech mepeMeImnBatacs B TCUCHHE 3 MUH.
WzroroBneHHpie 00pa3Ipl XpaHWINCh B KaMepe HOpPMaib-
HOTO TBEpPACHUS B TCUCHHE CYTOK, a Jajee IOABEPralnch
pacnanyOKe U XpaHWINChH B BOJIEe B TeUeHHE 27 CYT IIPH TEM-
nepatype 20+2°C. OnpezneneHrue NPOYHOCTHBIX MOKa3aTe-
Je¥l mpoBOIMIIOCH B Bo3pacTe 2, 7, 14, 21 u 28 cyT.

HccnenoBanrme BIMAHUS TIONAMEPHOW HOOAaBKH Ha
CTPYKTYpOOOpa3oBaHWE 110 KHHETHUKE TEIUIOBBIICICHUS
MOPTIAHAIIEMEHTA MPOBOAMIOCH HA TECTE HOPMAJIbHOH Ty-
CTOTHI C conepkaHueM noOaBku B kommdectse 0,6 % ot
MAacchl BSDKYIIETO C MOMOIIBI0 M30TEPMUYECKOTO KaJOPH-
merpa TAM Air. MccnenoBanue BIUSHUS TOJIUMEPHOM 110-
0aBkM Ha (ha30BBIA COCTAB MPOAYKTOB THIpATAlMU MOPT-
JIAH]IIIEMEHTA MPOBOJWICS Ha PEHTICHOBCKOM IU(PAKTO-
merpe ARL X’TRA. UccnenoBaHue MUKPOCTPYKTYPHI Iie-
MEHTHOTO KaMHS MPOBOJUJIOCH C IMOMOIIBIO PACTPOBOTO
anexTpoHHoro mukpockona FEI Quanta 200.

Pe3yabTaThl U 00Cy:KIeHUE

BrusHMe MOBEpXHOCTHO-aKTHBHBIX BEIIECTB Ha CBOM-
CTBa BSDKYILIETO UMEET MEePBOCTETIEHHOE 3HAYCHNE B TEXHO-
nmormu OeroHa. VccnemoBaHwe BIUSHHUS —TOITHMEPHOU

To investigate the normal density of cement dough and
setting time the Vick's device was used according to the
method of GOST 310.3-76 “Cements. Methods of determi-
nation of normal density, setting time and uniformity of vol-
ume change”. To determine the flexural strength, cement
mortar was prepared in accordance with GOST 310.1-79
“Cements. Test methods. General provisions.” Introduction
of polymer additive into cement batter and mortar mixture
was carried out together with mixing water.

To study the effect of the polymer additive on the strength
properties of cement stone, cube samples of 20x20 mm in
size were prepared on the test of normal density, which
amounted to 25%. To study the effect of polymer additive on
the bending strength properties of the cement stone we pre-
pared specimen beams with the size of 40x40x160 mm from
the mixture of composition 1:3 on the standard monofrac-
tional sand at the water-cement ratio equal to 0.4. The
amount of the additive introduced into the cement batter and
mortar was 0.4; 0.6 and 0.8% of the cement mass. Then the
mixture was stirred for 3 min. The made samples were stored
in the chamber of normal hardening for a day, and then were
subjected to demolding and stored in water for 27 days at a
temperature of 20+2°C. Determination of strength parame-
ters was carried out at the age of 2, 7, 14, 21 and 28 days.

The influence of polymer additive on structure formation
by the heat release kinetics of Portland cement was investi-
gated on the test of normal density with the additive content
in the amount of 0.6 % of the binder weight using isothermal
calori- meter TAM Air. The influence of polymer additive
on the phase composition of hydration products of port-land
cement was studied on X-ray diffractometer ARL X'TRA.
The microstructure of the cement stone was studied using an
FEI Quanta 200 scanning electron microscope.

Results and discussion

The influence of surfactants on binder properties is of
paramount importance in concrete technology. The influence
of polymer additive on the change of water consumption and
setting time of Portland cement was investigated on the test
of normal density at its content of 0.6% of the binder weight.
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JI00aBKM Ha W3MEHEHHE BOJOMOTPEOHOCTH U CPOKH CXBAThI-
BaHUs NMOPTIAHALIEMEHTa MPOBOAUIOCH Ha TECTE HOPMaib-
HOW TYCTOTHI IpU ee coaepkaHuu B koiuuectse 0,6% ot
Macchl BskyIero. JlanHele Tabi. 3 yKa3pIBaloT, 4TO BBEJe-
HHE J00ABKH CHIKAET IT0Ka3aTeslb HOPMAJILHOM T'yCTOTHI 11e-
MmeHTa Ha 10% 1O CpaBHEHHIO ¢ KOHTPOJIHBIM COCTaBOM,
YTO OOBSACHACTCS IUIACTU(UINPYIOIIUM JeHCTBUEM, THAPO-
(bMIIBHOCTBIO M CHU)KEHHEM [TOBEPXHOCTHOTO HATSHKCHUS Ha
TPaHMIE BOAA — BO3AYyX WJIM BOJa — TBEPAOE TEJIO. JTO
MOXET TIOJIOKUTENBHO CKa3aThCsl Ha MOBBIIICHUH OJXHOPO/-
HOCTH, yI00OYKIIaJpIBAEMOCTH B YI00000pabaTeiBaeMOCTH
OETOHHOM CMeCH, CHIDKEHHUHW BOJOOTACTICHUS TIPH JITUTEIb-
HOU TpaHcnopTupoBKe. I1010KUTENBHOE BIUSHUE IOJIUMED-
HOW JJ00aBKM MOXET MPOSIBIATHCS B COXPAaHEHHH CEIMMEH-
TAIlMOHHOW YCTOMYMBOCTH OETOHHOW CMECH B IIEPHOJ JIO €€
CXBaTBIBaHUS, YTO ITO3BOJIUT YCTPAHUTD MECTa pa3pyLICHUS
B 30HaX OCJIabJICHHOT'O WJIM HEMJIOTHOTO KOHTAKTa IIEMEHT-
HOTO KaMHSI 1 3aIT0JTHUTEIICH.

HccnenoBanne CpoKOB CXBaTHIBAHUS IIEMEHTHOTO TECTa
B IIPUCYTCTBUH TIOJIMMEPHOM 100aBKH IMOKa3ajo, 4TO OHA 3a-
MeyIseT Havyajo cxBareiBaHUSA Ha 30 muH. B TOXE Bpewms,
BBEJICHHE MTOJIMMEpPa MPUBOIUT K YMEHBIICHNIO KOHIIA CXBa-
TBIBAaHHSA B CPETHEM Ha 45 MHUH.

The data of Table 3 indicate that the introduction of the ad-
ditive reduces the index of normal density of cement by 10%
compared to the control composition, which is explained by
plasticizing effect, hydrophilicity and reduction of surface
tension at the boundary between water - air or water - solid.
This may have a positive effect on improving the uniformity,
workability and workability of the concrete mixture, reduc-
ing water separation during long transportation. The positive
effect of polymer additive can be manifested in the preserva-
tion of sedimentation stability of concrete mixture in the pe-
riod before its setting, which will allow to eliminate the
places of destruction in the areas of weakened or loose con-
tact of cement stone and aggregates.

The study of setting time of cement dough in the presence
of polymer additive showed that it slows down the onset of
setting by 30 min. At the same time, the introduction of pol-
ymer reduces the end of setting by an average of 45 min.

TABJIAILIA 3 - BIUSAHUAE IMMOJIMMEPHOM TOBABKHA HA U3MEHEHUE BOJIONIOTPEBHOCTH
HEMEHTA U CPOKHU CXBATBIBAHHUSA

Table 3 - Effect of polymer additive on changes in cement water demand and setting time

IIEM 0 42,5H + 0,6% Ilonu-
HaumeHnoBanue nokasarenei IIEM 0 42,5H MepHas 100aBKka
Name of the indicators CEM 0 42.5H CEM 0 42.5H + 0.6% Polymer
additive
Hopmanshas ryctora, %

Normal density, % % 22,5
Ha4yajo CXBaTbIBAHUS

.. . 155 185
Cpoku cXBaTHIBaHHS, MUH beginning of setting

Settlng time, min KOHeEI[ CXBaTLI.BaHI/ISI 350 305

end of setting

BrnmsiHue nonmmmepHoit [oOaBKH Ha IPOLECC CTPYKTYPO-
00pa3oBaHUs MPOBOAMIICA C TIOMOIIBIO Tprdopa Buka u ka-
JOPUMETPUIECKHM METOIOM Ha LIEMEHTHOM TECTe HOpMaJlb-
HOI I'yCTOTBI B IPHCYTCTBHH ITOJMMEPHON 100aBKH B KOJIH-
gecTBe 0,6% OT MacChl BSXKYIIETO.

[Mpouecc cTpykTypooOpa3oBaHus LIEMEHTHOTO TeCTa B
MPUCYTCTBUH MOJUMEPHOI TOOABKU M MEPEX0]] U3 KOaryJs-
IIMOHHOT'O B KOATyJISIIIMOHHO-KPUCTAITIM3aMOHHOTO COCTO-
SIHUE MOYKHO 0XapaKTepH30BaTh KPUBOW U3MEHEHHUsI CPOKOB
CXBaThIBaHUS LIEMEHTHOTO TecTa (pHc. 1). AHAJIU3 JAaHHBIX
MIO3BOJISIET C/IENIATh BBIBOJ O TOM, YTO ITOJIMMEPHBIN MOJH-
¢ukarop 3amemiser (QOpMHUpPOBaHHE IEPBOHAYAILHOMN
CTPYKTYpBI, MPOSBISIOIIMNACI B YBEIUYCHUH BPEMEHH
Hayaia cxBaTbiBaHHs. B Toxe Bpems, GpopMupoBaHue Koa-
I'YJMOHHO-KPUCTAJUTM3aLHOHHOTO  CTPYKTYypooOpa3oBa-
HHS CIIBUTAeTCs B CTOPOHY YMEHBIICHUS Y COCTaBa C IOJIH-
MEpHBIM MOAH(PHUKATOPOM Ha 45 MHH, YTO COTJIACYeTCs C
JaHHBIMHU TEIUIOBBIICNCHUs, IIPeICTaBIeHHbBIMI Ha pHC. 2.
) K3 TOJIYUYCHHBIX JaHHBIX MOXXHO CACJIaTh BBIBOJ O TOM, YTO
MOJMMEPHBIN MOTUPHUKATOP YCKOPSIET MPOILECC KPUCTAIIH-
3alliu MPOAYKTOB ruJipatallivi HEMEHTA Ha paHHUX CTaUsAX
TBEpAEHUs, oOeclieunBasi B AalbHEHIIeM 0oJiee BBICOKYIO
MPOYHOCTH IIEMEHTHOTO KaMHSI.
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The effect of polymer additive on the process of structure
formation was carried out using Vick's device and calorimet-
ric method on cement test of normal density in the presence
of polymer additive in the amount of 0.6% of the mass of
binder.

The process of cement dough structure formation in the
presence of polymer additive and the transition from coagu-
lation to coagulation-crystallization state can be character-
ized by the curve of change in the setting time of cement
dough (Fig. 1). Analysis of the data allows us to conclude
that the polymer modifier slows down the formation of the
initial structure, which is manifested in the increase of the
setting time. At the same time, the formation of coagulation-
crystallization structure formation is shifted downward in the
composition with polymer modifier by 45 min, which agrees
with the heat release data presented in Fig. 2. From the ob-
tained data it can be concluded that polymer modifier accel-
erates the process of crystallization of cement hydration
products at early stages of hardening, providing further
higher strength of cement stone.

The initial structure formation of cement dough was also
investigated by heat of hydration in the presence of polymer
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HauanpHOe cTpyKTypooOpa3oBaHUE LIEMEHTHOIO TecTa
TaKXe HCCIENOBAJIOCh M0 TEIUIOTE TUApPATALUU B IPUCYT-
CTBHMH NOJIMMEPHOH 100aBku B konmuuectse 0,6%. B pabore
[13] moka3aHo, YTO B NMPHUCYTCTBUH TOJMMEPHBIX J100aBOK
MHTEHCHBHOCTb THIpaTalliy [IEMEHTa 1 MAKCUMaJIbHAs TeM-
repatypa pa3orpeBa CMecH CHHYKAIOTCS, TPUYEM yYMEHBbIIIe-
HHE TeM 3HAYMTENIbHEH, yeM OoJblie coAep)KaHHe IMOJH-
Mmepa. [ToBbIeHne TEIUIOBbIICICHNS Ha0MoJaeTcs TPy BBe-
JICHUH aKpHUJIATHBIX TUCIICPCHH, a TAKXKE BOJOPACTBOPHUMBIX
MOJIMMepoB, Takux kak C-89 u JIOI'-1.

additive in the amount of 0.6%. In [13] it is shown that in the
presence of polymer additives the intensity of cement hydra-
tion and the maximum temperature of mixture heating de-
crease, and the decrease is more significant the greater the
polymer content. Increase in heat generation is observed with
the introduction of acrylate dispersions, as well as water-sol-
uble polymers such as C-89 and DEG-1.

PUCYHOK 1
. 0
BJIUSIHUE TOJIUMEPHOU JOBABKH HA
CTPYKTYPOOBPA3OBAHUE HEMEHT- 5
HOI'O TECTA HOPMAJIBHOU I'YCTOTBI Z "
z
E1s
Figure 1 E
E 20
Influence of polymer additive on structure for- £ 25
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5 30
© 35
=
40
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PUCYHOK 2
BJIMSTHUE ITOJTMMEPHOM IOBABKH HA _ 18
TEIVIOBBIIEJIEHME NEMEHTHOI'O TE- £ 16 A
CTA HOPMAJIBHOHU I'YCTOTHI ITPA % 14 4
TBEPJAEHUUN s 12 4
E 10
g
Figure 2 Z 87
g 6
Effect of polymer additive on heat release of E 4 4
normal density cement dough during hardening = 2
0 T T T
0 5 10 15
Bpewmsi TBepaenns, 1
—III[ —TII[+0,6%]]

CornacHO MONYyYEHHBIM AAHHBIM, BBEIEHHE MOJIMMEPHOI
no6aBku B koirdecTse 0,6 % OT Macchl IeMeHTa CIIOCOOCTBYET
MOBBIIIEHUIO TETIJIOBBIACIEHUS 110 CPABHEHHUIO C KOHTPOJIBHBIM
COCTaBOM.

Ha xpuBoii TeruoBbIaeneH s, IPeICTaBICHHON Ha puC. 2,
MOJKHO YCIIOBHO BBIICTHTH TPHU IK30TCPMHUCCKUX IPPEKTa.
ITepBbIit MAKCHMYM HACTYIIACT Y KOHTPOJIBLHOTO COCTaBa M CO-
cTaBa ¢ 100aBKkoii uepe3 10 u 5 MUH 1 ¢ OOJBIINM TEIUIOBBI/C-
JICHHEM COOTBETCTBEHHO, YTO CBHICTENBCTBYET O Ooliee WH-
TEHCHBHOM THJIpaTaIliy B IPUCYTCTBAU 100aBkU. BTopoii, Me-
HEe NHTEHCUBHBIM, COOTBETCTBYIOLINI Hayady mpolecca Kpu-
CTAJUTM3AallMU ¥ OKOHYAHUIO WHAYKIIMOHHOTO MEPHO/Ia, HACTY-
naeT yepe3 240 u 210 MUH COOTBETCTBEHHO. TpeTnii MUK, co-
OTBETCTBYIOIIUH MEPHOY YCKOPEHHUS ¢ MAKCUMAIbHBIM TeTl-
JoBbIIeNeHueM, HacTymaet yepe3 11 u 10 yac 45 MuH cooTBeT-
cTBeHHO. [Ipu 3TOM 3K30TepMuueckuii 3()(EeKT y cocTapa,

According to the obtained data, the introduction of pol-
ymer additive in the amount of 0.6 % of the cement mass
contributes to the increase of heat release in comparison
with the control composition.

On the heat release curve presented in Fig. 2, three ex-
othermic effects can be conditionally distinguished. The
first maximum occurs in the control composition and the
composition with the additive after 10 and 5 min and with
high heat release, respectively, which indicates a more in-
tensive hydration in the presence of the additive. The sec-
ond, less intense peak corresponding to the beginning of
the crystallization process and the end of the induction pe-
riod occurs after 240 and 210 min, respectively. The third
peak, corresponding to the acceleration period with maxi-
mum heat release, occurs after 11 and 10 h 45 min, respec-
tively. At the same time, the exothermic effect of the
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COJICPXKAIIETO MOJUMEpP, 3HAUUTCIILHO OOJIBIIHMA, YTO CBUJIC-
TEJNBCTBYET O BJIMSHUM MOJUMEPHON TOOABKM HA MHTCHCHB-
HOCTBH 00pa30BaHMS POIYKTOB THPATAIINN [IEMEHTA.
W3ydenue BIUSHHS MOJIMMEPHON MOOABKU HA MPOYHOCT-
Hbl€ MOKa3aTelld HEMEHTHOr0 KaMHs IPOBOAMIIOCH B BO3PACTe
2,7, 14, 21 u 28 cyt HOpManbHOro TBepAeHus. KomuuectBo
BBOJAUMOTro nosumepa cocrasuia 0,4; 0,6 u 0,8% ot maccsl 1e-
MeHTa. KuHeTnka W3MEHEHHS IMPOYHOCTH IIPE/ICTaBlicHa Ha

composition containing polymer is much greater, which
indicates the influence of the polymer additive on the in-
tensity of formation of hydration products of cement.

The influence of polymer additive on strength param-
eters of cement stone was studied at the age of 2, 7, 14, 21
and 28 days of normal curing. The amount of introduced
polymer amounted to 0.4; 0.6 and 0.8% of cement weight.
The kinetics of strength change is presented in Fig.3.

puc.3.
PUCYHOK 3
120 114,50
. 104,38 107,00
BJIMSTHUE MOJTMMEPHOI1 TOBABKH HA 10 99,83 o 110,06
MMPOYHOCTL HIEMEHTHOI'O KAMHSI 100 L N10417 9225
IPH CHKATHH 9 102,67
s 80 90,00
= 70
g
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0
0 7 14 21 28
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--1-MI -e-2-II+04% J -8-3-II+0,6% ] 4 - TIMI+0,8% JT

YcTaHOBIIEHO, YTO NMPOYHOCTH HA CXKaTHE B HadaJIbHBIC
CpoKH TBepeHNUS (2 cyT) moBbImaercs Ha 7% IMpH cozepxa-
HUM nonmMepHoi no6aBku B kommuectBe 0,8 %. OmgHaxo
CHIDKEHHE IPOYHOCTH IMPOUCXOTUT HPU BBEAECHUH MOJIH-
Mepa B koiudectBe 0,4 u 0,6 % ot maccel iemMeHTa Ha 11 n
23 % COOTBETCTBEHHO.

IIpouHocTHBIE CBOWcTBAa 00pa3loB B Bo3pacte 28 CyT
npu cojiepkaHuu nobaBku B konmdectse 0,6 u 0,8% BEI-
pocnu Ha 22 u 27% COOTBETCTBEHHO B CPaBHEHHHU C KOH-
TpOJILHBIM 0e3 100aBoYHBIM LieMeHToM. [Ipu BBeneHun n1o-
0aBKM B IIEMEHTHOE BshKyIee B kommuecte 0,4 % He cHU-
JKaeT MPOYHOCTh Ha C)KaTHUEe W HaXOTUTCA B mpepenax 92,3
MITa.

®a30BbIi COCTaB LIEMEHTHOTO KaMHSI B IPUCYTCTBHUH I10-
JUMEPHOTO MOoAW(pUKaTOpa MCCIECIOBAICS C IOMOIIBIO
peHTreHo0(ha30BOro aHajm3a. 3aperuCTpupoBaHHas audpax-
TOrpaMMa IIEMEHTHOIr0 KaMHs 0e3100aBOYHOr0 I[eMEHTa U
L[EMEHTa C Pa3JIn4HbIM COJCPIKAaHUEM MOJIUMEPHOI 100aBKU
MIpeJCTaBIIeHbI Ha puc.4.

[TonyueHHbIe pe3ysbTaThl HOKA3aJIM, YTO B 3aBUCHMOCTH
OT KOJMYECTBa IOJMMEPHOH NOOaBKM ruiupaTanusi MopT-
JaHIEMEHTa 3aMEUISIETCs, O YeM CBUJAETEIbCTBYET He-
OosbIIoe yMeHbLIeHHe HHTeHCUBHOCTH ruka CsS (puc. 5).
[Ipu 3TOM cTeneHp ruIpaTayy, Kak BUIHO U3 pUC. 6, HIDKE
10 CPaBHEHHUIO C YUCTHIM MOPTIaHAIeMeHTOM. HecMoTpst Ha
MEHBIIYIO CTENCHb THAPATAIIUH IIeMEeHTa MOAU(PUIIUPOBaH-
HOTO COCTaBa, COOTBETCTBYIOIIETO MEHBIIEH HMHTECHCHBHO-
ctu muka C3S, MPUCYTCTBHE MOJIMMEPHOTO MOIU(pUKaTOpa
MOXET CII0COOCTBOBATh WHTCHCHU(HUKAIIMK CBS3BIBAHUS
THIICa ¥ CTAOMJIM3alMK Ha ONPEACICHHBIH epHol ITTPHH-
THTa, a TAKKE YCKOPEHHIO THAPOIIN3a KIIMHKEPHBIX MHUHEpa-
JIOB ¥ KPUCTAJUTM3ALUU THIPOKCH/IA KAJIbIUS U TIEPBHYHBIX
THJPOCUIIMKATOB, YTO ITOATBEP)KIAETCS JAaHHBIMH 3JIEKTPOH-
HOW MUKpOCKOIUH (puc.7).
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It was found that the compressive strength in the initial
hardening period (2 days) increases by 7% when the polymer
additive is 0.8 %. However, the strength decreases when the
polymer is added in the amount of 0.4 and 0.6 % of the ce-
ment weight by 11 and 23 % respectively.

Strength properties of samples at the age of 28 days at the
content of 0.6 and 0.8% additive increased by 22 and 27%
respectively in comparison with the control without additive
cement. At introduction of an additive in cement binder in
quantity 0,4 % does not reduce compressive strength and is
within 92,3 MPa.

The phase composition of cement stone in the presence
of polymer modifier was investigated by X-ray phase analy-
sis. The registered diffractogram of cement stone of cement
without additive cement and cement with different content of
polymer additive are presented in Fig.4.

The obtained results showed that depending on the
amount of polymer additive, the hydration of Portland ce-
ment slows down, as evidenced by a slight decrease in the
intensity of the C3S peak (Fig. 5). At the same time, the de-
gree of hydration, as can be seen from Fig. 6, is lower com-
pared to pure Portland cement. Despite the lower degree of
hydration of cement of the modified composition, corre-
sponding to a lower intensity of the C3S peak, the presence
of polymeric modifier can contribute to the intensification of
gypsum binding and stabilization for a certain period of
ettringite, as well as accelerate the hydrolysis of clinker min-
erals and crystallization of calcium hydroxide and primary
hydrosilicates, which is confirmed by electron microscopy
data (Fig. 7).
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PUCYHOK 4

JUOPAKTOIPAMMBI HEMEHTHOT'O
KAMHAA

a—I1EM 0 42,5H

06— IIEM 0 42,5H B npucyTcTBHH 1014~
MepHOro MoangukaTopa

Figure 4

Diffractograms of cement stone

a- CEM 0 42.5H

b - CEM 0 42.5H in the presence of polymer
modifier

PUCYHOK 5

NU3MEHEHUE HHTEHCUBHOCTH
INKA C3S HEMEHTHOI'O KAMHS B
BO3PACTE 2 M 28 CYT B 3ABUCHUMO-
CTH OT COAEPKAHUS ITOJIUMEP-
HOM TOBABKH

Figure 5

Variation of C3S peak intensity of cement
stone at the age of 2 and 28 days depending
on the polymer additive content
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PUCYHOK 6

CTEINIEHb THAPATALIU HEMEHTA B 20

BO3PACTE 2 U128 CYT B BO3PACTE 2 1 28
CYT B 3ABUCUMOCTHU OT COAEPKAHUSA
MOJIMMEPHO TOBABKH

Figure 6

Degree of cement hydration at the age of 2 and 28
days at the age of 2 and 28 days depending on the
content of polymer additive

Crenenb rugparanun no CsS, a, %

94,53

64,22

0

85 83
5I4’3 | | |
0.4 6

0,
Conep:kanue 100aBKH, %

m2cyr m28cyr

PUCYHOK 7

MUKPOCTPYKTYPA HEMEHTHOI'O
KAMHSA B BO3PACTE 28 CYT TBEPJAEHUA:
a—IEM 0 42,5H

0 — LHEM 0 42,5H B npucyTCTBHH IIOJTUMEPHOT0
Moaugukaropa

Figure 4

Microstructure of cement stone at the age of 28
days of hardening:

a- CEM 0 42,5H

b - CEM 0 42.5H in the presence of polymer modi-
fier

W3yueHne MUKPOCTPYKTYPbI [IEMEHTHOTO KaMHsI B MPH-
CYTCTBUH MOJMMepa MoKazano o0pazoBaHue 0oJiee IIOTHON
OJIHOPOJHOM CTPYKTYPBI, COJEPKaIEel HE3HAUUTEIIBHOE KO-
JIMYECTBO IOp. BbUTo ycTaHOBIIEHO, YTO IIEMEHTHAsE MaTpHIIa
KOHTPOJIBHBIX 00pa3loB HWMEET JO0CTATOYHO IUIOTHYIO
CTPYKTYPY U XapaKTepU3yeTcs HaINYHeM MHKPOKAIHILIP-
HBIX TI0p pasmepom ot 0,1-10 mxm (puc. 7a). Vcnons3zoBa-
HHE B COCTaBe [IeMeHTa NOJIMMepHOIt 1o6aBkH (puc. 70) nmpu-
BOJIUT K IIOJIyYCHHUIO [IEMEHTHOTO KaMHsI MEHBIIEH TOPHCTO-
CTH ¢ 00JIee BRICOKHMH MOKa3aTEeNIIMHA OJJHOPOJAHOCTH MHUK-
POCTPYKTYpBI 3a cYeT 00pa30BaHUs MOJUMEPHBIX IICHOK,
KOJIbMATHPYIOUINX MUKPOKAMUUISIPHBIE MOPBI [IEMEHTHOMN
marpuiisl. [1o pe3ynbraramM 3HEproAUCIIePCHOHHOTO PEHTIe-
HOCHEKTPAJbHOTO MHKPOAHAIIN3a, YCTAHOBJICHO, YTO CO-
CTaBbl LIEMEHTHBIX MaTpHI] KOHTPOJILHOrO o0pas3ua u 00-
pasia ¢ MOJIMMEPHOHN J00aBKOH MPEHMYIIECCTBEHHO IMPE-
CTaBJEHbl MHKPOKPHCTAJUIMYECKHM MOPTIAHANTOM, KpH-
crauimdeckumu BeicokoocHoBHBIME (C-S-H(II)) 1 HH3K00C-
HoBHBIMH (C-S-H(I)) ruapocunukaramu KajabLusi, a Takke
reneobpasnoit dazoit (C-S-H-renp).

3akaouenue

1. IMonumepHas n06aBka Ha OCHOBE MOJIMBHHHINUPPO-
TMUIOHA 00NaaeT IIacTU(GUIPYIOINUM JIeHCTBHEM, KOTO-
past CHIDKaeT IT0Ka3aTeslb HOpMaJIbHOU TycToTsI Ha 10% npu
ee collepkaHu! B BOKyIIeM B kommdectse 0,6 %.

2. INonmmepHast 1o6aBKa OKa3bIBAeT BIMSIHNE HA POPMU-
pOBaHNE IEepPBOHAYAIbHON CTPYKTYDHI, NMPOSBIAIOIICECS B
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The study of cement microstructure in the presence of
polymer showed the formation of a more dense homogene-
ous structure containing an insignificant number of pores. It
was found that the cement matrix of control samples has a
rather dense structure and is characterized by the presence of
microcapillary pores ranging in size from 0.1-10 microns
(Fig. 7a). The use of polymer additive in the cement compo-
sition (Fig. 7b) leads to the cement stone of lower porosity
with higher homogeneity of microstructure due to the for-
mation of polymer films that ring the microcapillary pores of
the cement matrix. According to the results of energy-disper-
sive X-ray microanalysis, it was found that the compositions
of cement matrixes of the control sample and the sample with
polymer additive are mainly represented by microcrystalline
portlandite, crystalline high-basic (C-S-H(II)) and low-basic
(C-S-H(I)) calcium hydrosilicates, as well as gel phase (C-S-
H-gel).

Conclusions

1. Polymer additive based on polyvinylpyrrolidone has
plasticizing effect, which reduces the normal density index
by 10% when it is contained in the binder in the amount of
0.6%.

2. The polymer additive has an effect on the initial struc-
ture formation, manifested by a change in setting time com-
pared to the control unmodified formulation.
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M3MEHEHHH CPOKOB CXBAaTBIBaHHUSI 110 CPABHEHUIO C KOH-
TPOJILHBIM HE MOJIU(DUIIMPOBAHHBIM COCTABOM.

3. BBeneHue nonMMepHOro MOIU(HKATOpPa B KOJIMYeE-
ctBe 0,6 % B LIEMEHTHOE TECTO CIIOCOOCTBYET MOBBINICHUIO
TETUIOBBIJICTICHUS 110 CPABHEHUIO C KOHTPOJIBHBIM COCTaBOM.

4. TlonmmmepHast 100aBKa Ha OCHOBE MOJMBHHUIIIIHPPO-
JUJ0OHA 3aMeIIeT THAPATAlWIO TOPTIAHALEMEHTa, YTO
MOATBEPKIACTCS JAHHBIMU PEHTTEHO(A30BOr0 aHAIN3a, HO
BBE/ICHHE TOJMMEPHOH 100aBKH B LIEMEHTHOE TECTO CIO-
COOCTBYET ITOBBIIICHUIO IPOYHOCTH Ha C)KaTHE B BO3pacTe 2
u 28 cyT.

5. Moaudukarys cTpyKTypbl HOJIUMEPHOIT T0OaBKO Ha
OCHOBE NOJHBHHIINHPPOJINIOHA CIIOCOOCTBYET 0Opa3oBa-
HHUIO CTPYKTYpPBI IEMEHTHOT'O KaMHsI TUIOTHOW OJXHOPOJHOM
CTPYKTYPBI U MEHBILIEH TOPUCTOCTH.

6. [TomyueHHbIE pe3yJIbTaThI TOKA3BIBAIOT, YTO MOJIUMEP-
Hast 100aBKa HAa OCHOBE ITOJIMBHHWIJIITHUPPOJIMIOHA MOXKET
MPUMEHATBCS IJIS1 MOIU(HUKALMK CTPYKTYpBl IIEMEHTHOTO
KaMHs 1 OeToHa.
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3. Introduction of polymer modifier in the amount of 0.6
% in cement dough promotes the increase of heat release in
comparison with the control composition.

4. Polymer additive based on polyvinylpyrrolidone slows
down the hydration of Portland cement, which is confirmed
by the data of X-ray phase analysis, but the introduction of
polymer additive in the cement dough contributes to an in-
crease in compressive strength at the age of 2 and 28 days.

5. Modification of the structure by polymer additive
based on polyvinylpyrrolidone promotes the formation of ce-
ment stone structure with dense uniform structure and less
porosity.

6. The results show that polymer additive based on poly-
vinylpyrrolidone can be used to modify the structure of ce-
ment stone and concrete.
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