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AHHOTANUA

Paccmampusaemces mexanusm cmpykmypooopazo8anus npu 2UOpamayuu 08eHAOYAMUKAIbYUEB020 CEMUATIOMUHAMA 8 NPUCYMCIMBUU
naacmuguxamopa. Lleavio uccie006anus A6A10Cy YCMAHOBIEHUE SIUAHUS NAACMUGUKAMOPA HA NOTUKAPOOKCUIAMHOL OCHOBe Ha POp-
Muposarue u mopponozuio obpazyrouuxcs cuopamusix ¢asz. Obvbexmom ucciedo8anus AIANCL MUHePa 08eHAOYAMUKAIbYUEEbIT CeMUua-
momunam 12Ca0-741203 cmabunvhoii o-gopmel, umerowuti Kyou4ecKyio CUH2OHUIO U NAACMUPDUKAMOP HA NOTUKAPOOKCUNAMHOL OCHOGE.
Cmpykmypa yemMeHmHO20 KaMHsL U3Y4aach ¢ nPUMeHeHueM PeHM2eHopha306020 U INEKMPOHHOMUKPOCKONUYECK020 anaiusa. [lpeocmas-
JIeH MeXanusm CmpyKmypooopasosanus npu euopamayuu 08eHaoyamuxanvyueso2o cemuantomunama 12Ca0-741203 6 npucymemeuu nia-
cmugpuramopa, 3aKu0UaArWUICcs 8 00pa308aHUN METKOOUCNEPCHBIX NIOXO0 3AKPUCMATIUZ08AHHBIX 2EKCALOHATILHBIX KPUCIALIO8 2UOPO-
anomurama kanvyus. Ilpucymemeue cynepniacmugukamopa 6 cocmage 2uopamupyowje2ocs anoMunama Kanvyus 3ameonaem 3apodtcoe-
HUe U poCm KpUCMALIocuOpamos uz-3a 00pazyioweiics Ha N08epXHOCIU pazoena JcUOKol u meepooil pasz nieHKu, co30aruel CmpyK-
MypHO-MexXanuyecKuil 6apbep, 4mo npusooUm K 3ameoNeHUI0 HACbLWeHUs HCUOKOU (hasbl, HO cnocobcmeyem Gopmuposanuio 60abue20
KOAUYeCmaa YeHmpos KpUCManiu3ayuu u 00HO8PEMEHHOMY POCHLY MEIKUX KPUCMANI08 KAK 2eKCA2OHANbHO20, MAK U KyOuuecko2o 2abu-
myca.
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INFLUENCE OF PLASTICIZER ON RECRYSTALLIZATION PROCESSES
DURING HARDENING OF DUODECALCIUM SEMIALUMINATE
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ABSTRACT

The mechanism of structure formation during hydration of duodecalcium semialuminate in the presence of plasticizer is considered. The
purpose of the study was to determine the influence of polycarboxylate-based plasticizer on the formation and morphology of the hydrate
phases formed. The object of the study was the mineral duodecalcium semialuminate 12CaO-7A41203 of stable a-form, having cubic syngony
and plasticizer on polycarboxylate basis. The structure of cement stone was studied using X-ray phase and electron microscopic analysis.
The mechanism of structure formation during hydration of duodecalcium semialuminate 12CaO-741203 in the presence of plasticizer is
presented, which consists in the formation of finely dispersed poorly crystallized hexagonal crystals of calcium hydroaluminate. The presence
of superplasticizer in the composition of hydrated calcium aluminate slows down the nucleation and growth of crystalline hydrates due to
the film formed on the surface of the interface between liquid and solid phases, creating a structural and mechanical barrier, which leads to
slower saturation of the liquid phase, but promotes the formation of a greater number of crystallization centers and simultaneous growth of
small crystals of both hexagonal and cubic habitus.
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BBEJEHUE

[TpoyHOCTH LIEMEHTHOTO KaMHS SIBJISETCS HaubOoiee Bax-
HBIM CBOWCTBOM T'JIMHO3EMHCTOTO IIEMEHTa U 3aBHUCHT OT MH-
HEPaNorn4eckoro U rpaHynomMeTrpuueckoro cocrana [1-9]. Ero
CIOCOOHOCTH OBICTPO 3aTBEP/EBATH IIPU 3aTBOPEHUH BOJIOH SIB-
JSIeTCsl OTIIMYNTENBHON YepToit 3TOro meMenTa. TpexTHeBHasS
MPOYHOCTH, KaK IPABUIIO, COOTBETCTBYET 28-THEBHOM MTPOTHO-
CTH 00IIeCTPOUTENHHOTO MopTiIanaueMenTa [10-12].

HanbGonee BakHOE 3HAa4YEHHE NPU TBEPACHHU TIIMHO3EMH-
CTOTO IEMEHTA HUMCIOT YCJIIOBUA THUApaTaAllUd AJIIOMHUHATOB
KaJbLUsl 1 MOPQOJIOTHs 00pa3yIOIMXCsl KPUCTAIUIOTHIPATOB
[13-15]. BeicTpoe TBepreHHE aTIOMHHATHBIX LIEMEHTOB 00Y-
CJIOBJIEHO MacCOBOW KPHUCTATM3ALMEH TeKCaroHalbHBIX KpH-
CTAJUIOTH/PATOB T'MIPOATIOMUHATOB KAkl U (GopMHpOBa-
HHEM KPHCTAJUTMUECKOTO KapKaca, B OTJIMYHE OT NOPTIaH/ALe-
MEHTa, I/I¢ OCHOBHBIMHM IPOAYKTaMH THApATAIUH TOMHMO
KPHCTAJUIMYECKHX SIBIISIFOTCS. M KOJUIOMJHBIE U TefleoOpas3Hble
Macchl THAPOCWIMKATOB KaJdbLWSA. B peaknusx rugpaTariu
TIOMHHATHBIX [[EMEHTOB TPeOyeTCsl CPaBHUTEIHHO BBICOKOC
KOJIMYeCTBO BOJBIL. [15-17]

Kak m3BecTHO rujparanys allOMHHATHBIX IIEMCHTOB BCE-
rJla CONMPOBOXK/IACTCS MPOIIECCAMH MEPEKPUCTAIITU3AINN He-
yCTOﬁ‘IHBLIX TEKCAaroHaJIbHBIX THAPOATIOMUHATOB KaJlbIUsA B
TEPMOJMHAMHMYECKH YCTONYMBBIE KyOHMUECKHE THUAPOATIOMH-
HaThI KaJIbIIUA. I[J'IH IPEAOTBpAIICHUA OTOT'O ABJICHUS ITpEjia-
raercs HCIOJb30BaTh pasinyHbIe 100aBku [18-23].

B Hacrosiiee BpeMsi allfOMUHATHBIE [IEMEHTBI [IMPOKO HC-
MOJIB3YIOTCS B COCTABE PA3JIMUHBIX CYXHX CTPOUTEIBHBIX CMe-
ceil B COBOKYITHOCTHU C Pa3JIMYHBIMHU (pyHKINOHAJIBHBIMU J10-
6aBkaMu. AJIIOMHHATHBIC [IEMEHTHI BBOJSTCS B COCTAaB CyXHX
CTPOUTEIBHBIX CMECEH AJIS TOBBIMICHUS HAYIBHON MPOYHO-
CTH WJIH JUTSI IPUIAHUS UM Oe3ycanouHocTh [24]. OnpeneneH-
HBII HHTEPEC B IUIAHE MOBBIIICHHUS HAYaJIbHON IPOYHOCTH MO-
TYT UMETh aJTIOMUHATHBIE IEMEHTBI, COJCP)KaIINE JBEHA A~
TuKajgbpnueBbiid cemuamromMuaar 12Ca0-7A1,0; (Caj2Al140353),
MTOCKOJIbKY TUpATaIlUs €r0 MPOoTeKaeT BechMa ObICTPO ¢ 00pa-
30BaHHE XOPOIIO 3aKPHCTAJUIN30BAHHON KPHUCTAITHUECKOM
dazer [12,15]. Ouenp Maio pabOT MOCBSIIEHO YCTAHOBJICHHUIO
BIIMSTHUS TUTACTU(HMKATOPA Ha MTPOLIECCHI NEPEKPUCTAIITH3ALIH
IpU TBEPJCHUM aTrOMHMHATA Kanelus [25,26]. Bompocs! Baus-
HUSI TUTACTU(HUKATOPOB Ha MPOLIECCH THAPATAMN AIIOMHHAT-
HBIX IIEMEHTOB ¥ B TOM YHMCJIC Ha MIPOLIECCHI IIEpeKpHCTaIIIN3a-
IIUH TUAPOATIOMHHATOB KaJIbIINS OCTAIOTCS HE BHISICHEHHBIMHU.

Henbio 1anHoi padoThI SBISETCS YCTAHOBICHUE BIMSIHUS
IUTaCTH(HUKATOpa Ha MOIMKApOOKCHIATHOW OCHOBE Ha THApa-
TaIIIOo JIBEHAIIIaTHKAIBI[IEBOTO CEeMHaTIOMIHATA
12Ca0-7A1,03 (Cai2Al14033), a Takke Ha (popMUpOBaHHE U
MOPGOJIOTHIO 00pa3yONIUXCs THAPATHBIX (as.

MaTepna.m,l H METOAbI UCCJICA0BAHUSA

[Tpn BBINOJIHEHUM HCCIENOBAaHMH B KayeCTBE HMCXOIHBIX
MaTepuaioB UCIOJIb30BAJIM MUHEPAJ IBEHA IaTHKAIbLINEBBIHA
cemuamromuaat 12Ca0-7A1L0; (Ca2Al14033), cCHHTE3UpOBaH-
HBIH 13 x.4. peaktuBoB Ca(OH), u Al,O3 mocpencTBom o6xkura
CMECH CTEXHOMETPUYECKOT0 COCTaBa.

MuHepan  JBeHaJALATHKAJIBLHEBBII  CEMHAIIOMHHAT
12Ca0-7A1,03 mpencraBiieH cTabWiIbHON o-HOpMOH, MMEI0-
Ui KyOMYeCKyt0 CHHTOHUIO. [10 TaHHBIM ONTHYECKOI MUKPO-
CKOIMH INIPEACTABICH B BUJIE M30METPUYECKUX OKPYIIBIX 3€-
pPeH C HEesACHOM CHaHOCThIO, CpEeAHUN  IOoKa3aTelb

INTRODUCTION

The strength of cement stone is the most important
property of aluminous cement and depends on the miner-
alogical and granulometric composition [1-9]. Its ability to
quickly harden when mixed with water is a distinctive fea-
ture of this cement. Three-day strength, as a rule, corre-
sponds to the 28-day strength of general construction port-
land cement [10-12].

The most important factors during hardening of alumi-
nous cement are the conditions of hydration of calcium
aluminates and the morphology of the resulting crystalline
hydrates [13-15]. The rapid hardening of aluminate ce-
ments is due to the massive crystallization of hexagonal
crystalline hydrates of calcium hydroaluminates and the
formation of a crystalline framework, in contrast to Port-
land cement, where the main hydration products, in addi-
tion to crystalline ones, are also colloidal and gel-like
masses of calcium hydrosilicates. The hydration reactions
of aluminate cements require a relatively high amount of
water. [15-17]

As is known, the hydration of aluminate cements is al-
ways accompanied by processes of recrystallization of un-
stable hexagonal calcium hydroaluminates into thermody-
namically stable cubic calcium hydroaluminates. To pre-
vent this phenomenon, it is proposed to use various addi-
tives [18-23].

Currently, aluminate cements are widely used in vari-
ous dry construction mixtures in combination with various
functional additives. Aluminate cements are introduced
into the composition of dry construction mixtures to in-
crease the initial strength or to make them non-shrinkable
[24]. Aluminate cements containing duodecalcium semi-
aluminate, formation and morphology of crystal hydrates,
hexagonal calcium hydroaluminates, cubic calcium hy-
droalu-minates, recrystallization, plasticizer duodecal-
cium semialuminate 12Ca0-7A1,03 (Ca;2A114033) may be
of particular interest in terms of increasing the initial
strength, since its hydration proceeds very quickly with
the formation of a well-crystallized crystalline phase
[12,15]. Very few works are devoted to the determination
of plasticizer influence on recrystallization processes dur-
ing calcium aluminate hardening [25,26]. The issues of
plasticizers influence on the hydration processes of alumi-
nate cements and including on the recrystallization pro-
cesses of calcium hydroaluminates remain unexplored

The purpose of this work is to establish the effect of
a polycarboxylate-based plasticizer on the hydration of
duodecalcium semialuminate 12Ca0-7A1,03
(Ca2Al114033), as well as on the formation and morphology
of the resulting hydrate phases.

Materials and methods of research

When carrying out the research, the mineral duodecal-
cium semialuminate, formation and morphology of crystal
hydrates, hexagonal calcium hydroaluminates, cubic cal-
cium hydroalu-minates, recrystallization, plasticizer duo-
decalcium semi-aluminate 12Ca0O-7A1,03 (Cai2Al14033),
synthesized from chemically pure grade, was used as start-
ing materials. reagents Ca(OH), and Al,O3 by firing a mix-
ture of stoichiometric composition.
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cBeTonpenomieHust Nep = 1,618, 9T0 cBUAETENBCTBYET O HATIH-
Y1e BOJIbI B COCTaBE CTPYKTYPHI B BU/IE THIPOKCHIBHBIX TPYIIT
[27].

Hcnons3oBanHbIi B paboTe miacTH(UKATOp Ha MOJHKap-
OOKCHIIATHOH OCHOBE UMEET B COCTaBE MOJIEKYJIBI IIOJISIPHBIC U
HeroJsipHble YacTH. [lonmsipHble Tpymmnsl mojaukapOoKcuiIaTa
R- CH(R")-COONa o6pazoBansl annonamu COO . Hemossip-
Hasl 4acThb IPEICTaBICHAa IMHHOLEIOYEYHBIM YTJIEBOJOPO-
nom. [Tnactuduxarop BBogwan B Komnaectse 0,1 r/n (wmu 1%)
C BOJIOH 3aTBOPEHUSL.

Omnpenenenre MpoayKTOB THAPATANN U U3Y4YEHHE CTPYK-
TypooOpa3oBaHKsl 3aTBEPAEBIICIO KaMHsl aIOMHUHATHOTO Iie-
MEHTa MPOBOJUIOCH peHTreHo(da3oBbiM aHaiu3oMm (PDA) u
CKaHUpYyIoIel 31eKTpoHHON Mukpockonueit (COM). Pentre-
HO(a30BBII aHAIN3 IPOBOIIIH C UCIIOJIL30BAHUEM TH(PPAKTO-
MeTpa ¢ MenHbIM anTHKaTonoM (Cu anode AKal = 1,54056 A;
40 mA and 40 kV). CbeMKa pEeHTT€HOBCKHX CIIEKTPOB ITPOBO-
quitack ot 6° mo 70° 20 ¢ marom 0,02° 20. MnenTudukamro
MUHEPAJIOB OCYIIECTBISIM IO JaHHbIM Kaprorekn JCPDS
(BcemupHbIit 0aHK TaHHBIX TOPOIIKOBOH JU(PPAKTOMETPUH).

B pabore wncmonp3oBancs CKAaHUPYIOUIUIN AIEKTPOHHBII
mukpockor JEOL 1610LV (JEOL, fAmonus) c paspemaronien
croco0HOCTRIO 15-3 HM mpH ycKopsiromeM Hanpspkernd | - 30
kV. OOpa3ibl UCCACIOBATUCH MpU yBeauueHuu ot x100 mo
x10.000.

I'mapararuio MuHepaia OCYIIECTBISUTM B LIEMEHTHOI cyc-
nen3un coctaBa T:0K=1:50 Buavane B Teuenue 12 u 24 vacos,
B nocueaytomeM B tedenue 2,7,14 u 28 cyt. Ilo ucreuenun
BpPEMEHH I'HpaTaliii 00pa3ibl 00€3B0KUBAINCH U BBICYIINBA-
nvck 0e3 TocTyna yrileK|CIIoro rasa.

Pe3yabTaThl Hcc/ieq0BaHNUS U UX 00CYKAeHHE

PenTrenoazoBsIM aHAHM30M yCTaHOBJICHO, YTO JIBEHA/IIIA-
TUKaIbIHeBbI cemMuamoMuHar 12Ca0-7ALO; ruapatupyercs
Ha 85% yxe uepe3 12 gacoB. Ha peHTreHorpamMmMe mpakTaye-
CKH OTCYTCTBYIOT OCHOBHBIC AHM(PpaKIOHHBIE MaKCHMYMBI
muHepana CpA7 ¢ d=0,489; 0,268; 0,219 am. OCHOBHBIE MaK-
CUMYMBI Ha pEHTTEHOTpaMMe IPHUHAIISKAT THIPOATIOMUHATY
kasbims cocraBa CoAHg (d=1,046; 0,287; 0,255 um). B mpobe
TaKXKe IPUCYTCTBYET B HEOONBIINX KOJINYESCTBAX IeKCArOHAa b~
HbIU ruapoantomuHat cocraBa C4sAH o (d=0,523; 0,446; 0,287
HM) (puc. 1 a).

[Ipu nanbHeimedt rugpatanuu 10 24 4acoB IMPOUCXOAUT
YaCTUYHAS MMEPEKPUCTATITU3AIMS TeKCarOHABHBIX THAPOATIO-
MHUHATOB B KyOWYEeCKHH THIPOATIOMUHAT KaJbIIHS COCTaBa
C3AHs. O0 3TOM CBHAETENBCTBYET CMEIICHUE U PACHICIICHIC
ocHoBHOH aHanutudeckor muauM C,AHg (d = 1,046 uM), a
TaKXKe IMOSBIICHNE OCHOBHBIX aHAMTHYECKUX JIMHUM KyOmde-
ckoro runpoamomuHara kKaneuusa CsAHs (d = 0,514, 0,230,
0,223, 0,204 aM™m).

[To maHHBIM 3JEKTPOHHO-MHUKPOCKOIIMYECKHX HCCIIEA0Ba-
HUI CTPYKTypa rHAPaTHPOBAHHOTO MUHepasa yepe3 12 yacoB
Npe/CTaBlIeHa KPYMHBIMU TioOynamu pasmepom 200 — 300
MKM (puc.2 a) u3 CepoNUTOB I'eKCarOHAIbHBIX IUIACTHHOK
C>AHs, Tonumunoi 0,5 — 0,6 MKM U TOHKHMMH B BUJIE YEIIYEK
TeKCaroHaNbHBIX IIaCTUHOK ruapoarromuHaTa C4sAH o (puc.2
0).

HWccnenoBanwus BIUSHYS IIacTH(UKATOPA HA ITPOIICCCHI TTe-
PEKPUCTAIUTH3ANNHN TIPH TBEPACHUHU IBCHAIIIATHKAIBINEBOTO
cemuamomuaaTta 12Ca0-7Al,03; mokasanm, 9To mporece THi-
partamuu ero HeCKoJIbKO TopMo3uTes. Uepes 12 yacoB MuHepa
MPOTUIPAaTHPOBaH Ha 52%.
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The duodecalcium semialuminate mineral
12Ca0-7Al,0;3 is represented by a stable a-form, having a
cubic system. According to optical microscopy, it is pre-
sented in the form of isometric rounded grains with un-
clear cleavage, the average refractive index Nav = 1.618,
which indicates the presence of water in the structure in
the form of hydroxyl groups [27].

The polycarboxylate-based plasticizer used in the
work has polar and non-polar parts in its molecule. The
polar groups of the R— CH(R")-COONa polycarboxylate
are formed by COO" anions. The non-polar part is repre-
sented by a long-chain hydrocarbon. The plasticizer was
introduced in an amount of 0.1 g/l (or 1%) with mixing
water.

Determination of hydration products and study of the
structure formation of hardened aluminate cement stone
was carried out by X-ray phase analysis and scanning elec-
tron microscopy. X-ray phase analysis was carried out us-
ing a diffractometer with a copper anticathode (Cu anode
AKoal =1,54056 A; 40 mA and 40 kV). X-ray spectra were
recorded from 6° to 70° 26 with a step of 0.02° 28. Miner-
als were identified using JCPDS data.

The scanning electron microscope JEOL 1610LV
(JEOL, Japan) with a resolution of 15-3 nm at an acceler-
ating voltage of 1 - 30 kV was used in the work. Samples
were examined at magnification from x100 to x10.000.

Hydration of the mineral was carried out in a cement
suspension of composition S:L = 1:50, initially for 12 and
24 hours, subsequently for 2, 7, 14 and 28 days. After the
hydration time had elapsed, the samples were dehydrated
and dried without access to carbon dioxide.

Research results and their discussion

X-ray phase analysis established that twelve-calcium
semialuminate 12Ca0O-7Al,03 is hydrated by 85% after 12
hours. The main diffraction maxima of the mineral Ci2A7
with d = 0.489, 0.268; 0.219 nm are practically absent in
the X-ray diffraction pattern. The main maxima in the X-
ray diffraction pattern belong to calcium hydroaluminate
of composition C;AHs (d = 1.046; 0.287; 0.255 nm). The
sample also contains small amounts of hexagonal hy-
droaluminate with the composition C4AH19 (d = 0.523;
0.446; 0.287 nm) (Fig. 1a).

With further hydration for up to 24 hours, partial re-
crystallization of hexagonal hydroaluminates into cubic
calcium hydroaluminate of composition C3AHs occurs.
This is evidenced by the shift and splitting of the main an-
alytical line C;AHs (d = 1.046 nm), as well as the appear-
ance of the main analytical lines of cubic calcium hy-
droaluminate C3AHg (d = 0.514, 0.230, 0.223, 0.204 nm).

According to electron microscopic studies, the struc-
ture of the hydrated mineral after 12 hours is represented
by large globules 200 - 300 um in size (Fig. 2 a) from
spherulites of hexagonal plates C;AHs, 0.5 - 0.6 um thick
and thin flakes of hexagonal plates of hydroaluminate
CsAH9 (Fig. 2 b)

Studies of the influence of the plasticizer on the recrys-
tallization processes during hardening of duodecalcium
semialuminate 12Ca0-7A1,03 showed that its hydration
process is somewhat inhibited. After 12 hours, the mineral
is hydrated by 52%.
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Tare BRI GE QNS

PUCYHOK 1

PEHTITEHOTPAMMBI T'HJPATUPO-
BAHHOI'O MUHEPAJIA C12A7

a - B Teuenue 12 yacos,

0 - B TeueHnue 24 yacoB

Figure 1

X-ray patterns of hydrated mineral C12A7
a - for 12 hours,
b - for 24 hours
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PUCYHOK 2

MUKPOCTPYKTYPA T'HJAPATHUPOBAHHOI'O
MUHEPAJIA JIBEHAJUHATHUKAJBLHUEBOI'O
CEMUAJIIOMHUHATA 12Ca0-7A103 COM,
yBesmyenue - x100 (a); -x1000 (6)

Figure 2

Microstructure of the hydrated mineral duodecal-
cium semialuminate 12Ca0O-7A1203 by scanning elec-
tron microscopy,

magnification - x100 (a); -x1000 (b)

26 May 2017

26 May 2047,

100pm —
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Ha peHTreHOBCKOM CIEKTpe OTMe4aeTcs MPHCYTCTBHE Kak

The X-ray spectrum shows the presence of both the

MCXOJIHOTO MUHEpaJa, TaK M CPEH MPOAyKTOB ruapaTanuy kak original mineral and among the hydration products of

TEKCAaroHaJlbHBIX TUAPOAJIFOMHUHATOB KaJIbIIUs COCTAaBOB CzAHg,

both  hexagonal calcium  hydroaluminates  of
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C4AH;3, Tak u kyouueckoro kpuctramioruapara C;AHe 1 ru66-
cuta AI(OH); (puc.3). CpaBHIBass HHTCHCUBHOCTh OCHOBHOM JTH-
HUM TUApOaTIOMHUHATA Kanbius coctaBa CoAHg ¢ d = 1,046 HM,
OTMEYACTCs TOHIKECHHAS €0 WHTCHCUBHOCTh WM ITOBBIIICHHAS

T dy3HOCTH IpYTUX aHATUTHYECKUX JIMHUH (puc.4).

compositions C;AHs, C4sAH;3, as well as cubic crystal-
line hydrate C3AHs and gibbsite AI(OH); (Fig. 3). Com-
paring the intensity of the main line of calcium hydroalu-
minate with composition C;AHg with d = 1.046 nm, its
reduced intensity and increased diffuseness of other an-
alytical lines are noted (Fig. 4).

PUCYHOK 3

PEHTTEHOTPAMMBI T'HAPATHPO-
BAHHOI'O MUHEPAJIA Ci2A7 B IIPU-
CYTCTBUU IIVIACTUO®UKATOPA B
TEYEHHUE 12 YACOB

Figure 3

X-ray radiographs of hydrated mineral
C12A7 in the presence of plasticizer for 12
hours u

W remcum nocrs (wan (cm )

PUCYHOK 4

’

wwniunn |

CPABHEHUE MHTEHCHUBHOCTH
AHAJINTUYECKUX JIMHUI KPHU-
CTAJUVIOIT'UAPATOB I'EKCAI'OHAJIb-
HOTI'O C:AHs 1 KYBUYECKOI'O C3AHs
NPU THNAPATAIIMA MUHEPAJIA Ci2A7

8

P |

3

B MPUCYTCTBHM ILJIACTU®HKA- e - L
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Comparison of the intensity of analytical
lines of crystalline hydrates of hexagonal
C2AHS8 and cubic C3AH6 during the hy-
dration of the mineral C12A7 in the pres-
ence of a plasticizer and without it.
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[ToHmwkeHHasT NHTEHCUBHOCTD JIMHUN Te€KCaroHaJbHOTO
ruapoamoMuHara kainelust C;AHg B pucyTcTBHN MacTH-
(ukaropa 0OycOBIE€Ha TEM, YTO OH CO3JAeT CTPYKTYypHO-
MeXaHH4YecKuil Oapbep 3a cueT 00pa30BaHUs IUICHKH HA I0-
BEPXHOCTH THIPATHPYIOIINXCS] YaCTHII, YTO BBI3BIBACT MM-
MOOHMIIN3AINIO a/ICOPOLIMOHHO-CBA3aHHONW BOJBI M 3aTPYa-
HSET e€ IOCTYH K MHHEpaly. 3a C4eT 3TOT0 B CUCTEME TH/-
paTUpYOLIErocsi MUHEpala CHIKACTCSl CKOPOCTh XUMHYe-
CKOT'O B3aHMOHeﬁCTBHH, B pE3yJIbTAaTC YCro CHUXKACTCA TCII-
JIOBBI/IENIeHUE B cucTeMe Ha 22 — 25%, 4To cnocoOCTBYeT
CHIDKCHUIO CKOPOCTH IEPEKPUCTAIM3aLUN T'eKCaroHab-
HBIX THAPOAITIOMHHATOB KaJIbIIUs B KyOHUECKHeE.

Bausnue nnactudukaTopa Ha KpUCTAIM3ALMIO THAPO-
TIOMHHATOB KalbliUsl OoJiee HAarJsHO IPOCIIEKHUBACTCS
IpU  3JIEKTPOHHO-MHUKPOCKOIIMYECKUX  HCCIIEIOBAHHH.
CrtpyKkTypa THApPaTHPOBAaHHOTO MHHEpana depe3 12 yacoB
MpeACTaBIeHa OOIBIINM KOJIMIECTBOM MEIKUX TII00YII pas-
MepoM 2 — 5 MKM (puc. 5a), 00pa30BaHHBIX IIOXO 3aKpH-
CTAJITN30BaHHBIMU MEIKUMHA YyenryifuaTeIMu
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The reduced intensity of the lines of hexagonal calcium
hydroaluminate C,AHs in the presence of a plasticizer is due
to the fact that it creates a structural and mechanical barrier
due to the formation of a film on the surface of hydrating
particles, which causes immobilization of adsorption-bound
water and impedes its access to the mineral. Due to this, the
rate of chemical interaction in the hydrating mineral system
decreases, resulting in a reduction in heat release in the sys-
tem by 22-25%, which helps reduce the rate of recrystalliza-
tion of hexagonal calcium hydroaluminates into cubic ones.

The influence of the plasticizer on the crystallization of
calcium hydroaluminates is more clearly visible during elec-
tron microscopic studies. The structure of the hydrated min-
eral after 12 hours is represented by a large number of small
globules 2—-5 um in size (Fig. 5a), formed by poorly crystal-
lized small scaly hexagonal plates (Fig. 5b). In their mor-
phology, such globules are similar to cubic crystalline hy-
drates of the composition C3AHg; therefore, their recrystalli-
zation will not cause strong structural changes.
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runpatam coctaBa C3AHe moaTOMy MX IIepeKpHCTauIN3alHs
HE BBI30BET CHJIBHBIX CTPYKTYPHBIX H3MEHEHHH.
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Figure 5

Microstructure of the hydrated mineral duodecal-
cium semialuminate 12Ca0O-7AL2Ozin the presence of
a plasticizer by scanning electron microscopy,
magnification - x1000 (a); -x10000 (b)
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YTOYHEH MEXaHU3M CTPYKTYpOOOpa30BaHUs MPH THIpaTa-
MM JIBeHaanaTuKaibueBoro ceMuamomunara 12Ca0-7AL0;
B MPHCYTCTBUH TUTACTH(PHUKATOPA, 3aKITFOYAIONIHIACA B 00pa3o-
BaHUM MEJIKOJUCIIEPCHBIX TUIOXO 3aKPUCTAJUIN30BAaHHBIX T'eK-
CarOHAJBHBIX KPHUCTAJUIOB THAPOATIOMUHATA Kaiubimsa. [Ipu-
CYTCTBHE CyTepruiacTiu(ukaTopa B COCTaBe THAPATHPYIOIIE-
TOoCs aIIOMUHATA KaJIBITHS 3aMEeJIsIeT 3apOXKIeHIE M POCT KPH-
CTAJUIOTUAPATOB H3-3a 00pa3yromericss Ha TIOBEPXHOCTH DPa3-
JieNa JKAIKOW W TBEpAOM (a3 IUICHKH, CO3MAIoIIed CTPYK-
TypHO-MEXaHHUYCCKHI Oapbep, YTO BBI3BIBACT UMMOOMIIH3A-
U0 aJICOPOIMOHHO-CBI3aHHOMN BOIBI M 3aTPyIHSAET €& JOCTYII
K TOBEPXHOCTH MHUHEpaia. DTO MPHUBOJAUT K 3aMEUICHUIO
HACBIIICHUS KUAKOU (ha3bl, HO CIOCOOCTBYET (POPMHPOBAHUIO
00BIIIETO KOMMYECTBA IICHTPOB KPUCTAILTU3AIIH H POCTY MEJI-
KHX KPUCTAJLIOB.

[NoHmXEeHHOE TEIUIOBBIICICHUE TIPU THApPATAIlMX JIBEHA-
IaTuKambireBoro cemuanomuHaTa 12Ca0-7A1,03 B mpucyT-
CTBHH IIACTU(PHUKATOPA CHIDKAET CKOPOCTh NePEKPHUCTAIIIH3a-
IIUM TEeKCAarOHAJBHBIX T'HIPOATIOMUHATOB KalblUs B KyOwde-
ckue. OOpa3oBaBIInecs B IPUCYTCTBUH TUIACTU(HHUKATOPA MEJI-
KU HeCTaOWJIbHbIC THAPOATIOMHHATHI KaJbLUs TeKCaroHasb-
HOHM CHHTOHUH, TEPEKPUCTAIUTH3OBBIBAIOTCS B METTKO KPHCTAJI-
JIUYCCKUE TUIPOATIOMHUHATEI KAJIBIUS KyOUIeCKOW CHHIOHUH,
YTO HE MPUBOAUT K 00PA30BAHUIO U MIOCIICAYIONIEMY Pa3BUTHIO
MUKPOTPEIIIHH, U, CJICIOBATEIBHO, HE BIICUCT 32 COOOU CHIIKE-
HUE MMPOYHOCTH.
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Conclusions

The mechanism of structure formation during the hy-
dration of duodecalcium semialuminate 12Ca0O-7A1,03 in
the presence of a plasticizer has been clarified, which con-
sists in the formation of finely dispersed poorly crystal-
lized hexagonal crystals of calcium hydroaluminate. The
presence of a superplasticizer in the composition of hy-
drating calcium aluminate slows down the nucleation and
growth of crystalline hydrates due to the film formed at
the interface between the liquid and solid phases, creating
a structural and mechanical barrier, which causes the im-
mobilization of adsorption-bound water and complicates
its access to the surface of the mineral. This leads to a
slower saturation of the liquid phase, but contributes to the
formation of a larger number of crystallization centers and
the growth of small crystals.

Reduced heat generation during the hydration of duo-
decalcium semialuminate 12Ca0O-7AL0s in the presence
of a plasticizer reduces the rate of recrystallization of hex-
agonal calcium hydroaluminates into cubic ones. Small
unstable calcium hydroaluminates of the hexagonal sys-
tem formed in the presence of the plasticizer recrystallize
into finely crystalline calcium hydroaluminates of the cu-
bic system, which does not lead to the formation and sub-
sequent development of microcracks, and, therefore, does
not entail a decrease in strength.
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