N

N

PHASE ASSEMBLAGE IN CALCIUM ALUMINATE
CEMENTS: A REVIEW

Gwenn Le Saout

» To cite this version:

Gwenn Le Saout. PHASE ASSEMBLAGE IN CALCIUM ALUMINATE CEMENTS: A REVIEW.
ALITinform, 2018, 2 (51), pp.12-20. hal-03249883

HAL Id: hal-03249883
https://imt-mines-ales.hal.science/hal-03249883

Submitted on 4 Jun 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://imt-mines-ales.hal.science/hal-03249883
https://hal.archives-ouvertes.fr

Le Saout, G., professor, IMT Mines Alés, Materials Center (C2MA), Alés, France

PHASE ASSEMBLAGE IN CALCIUM
ALUMINATE CEMENTS: A REVIEW

Ne Cay I, npodeccop, lopHas wkona Aneca (IMT), LeHTp maTepuanosenerus (C2MA), r. Anec, ®paHums

®A30BbIM COCTAB MMIMHO3EMUCTOIO

LEMEHTA: OB30OP

Abstract

Calcium Aluminate Cements (CACs) are used in
building chemistry for special applications as self levelling
underlayment dry mix mortar for flooring application.
Their advantages compared to Portland cement include
a high mechanical strength, a rapid setting and drying
for rapid hardening repair mortars and a controlled
expansion or shrinkage compensation for floor levelers
or tile adhesives. Calcium aluminate phases present in
different grades of calcium aluminate cements are CaO
ALO;, CaO 2A1,0;5 and 12Ca0 7A1,0s. The system CaO-
Al Os- H,O has been extensively studied and the aim
of this article is an attempt to present a short overview
of the phase assemblage in hydrated CACs at ambient
temperature and for CACs used in combination with
different calcium sulphate sources.

Key words: calcium aluminate cements,
thermodynamic modelling, phase assemblage

Introduction

Calcium aluminate cements (CACs) were
developed at the end of the 19th century to address the
specific problem of the degradation of ordinary Portland
cement (OPC) in ground or groundwater containing large
quantities of sulfates [1]. Over the past century, numerous
studies report durable performance of the CACs in
sulfate environment [2, 3] as well as in other aggressive
environment as seawater [4]. CAC can also be used in
combination with OPC, sulphate and admixtures to
achieve specific properties as fast setting, rapid hardening,
shrinkage compensation or rapid drying. Examples of
typical use are self-levelling mortars for under- and
overlayments or screeds and tile adhesives [5].

The use of bauxite and limestone as raw materials
in the production of CACs leads to materials containing
a large amount of alumina compared to OPC and usual
supplementary cementitious materials (Fig. 1). Bauxite
ores consist almost entirely of the aluminum hydroxide
minerals, gibbsite AI(OH);, boehmite AIO(OH), and a
closely packed structure diaspore AIO(OH). The common

AHHOTauuA

I'nunosemuctoiit uemedt (I'Ll) npumeHsiercs
B CTPOUTENbHOI XMMUM [IJIS1 pelleHUs ClelaNTbHbIX
3ajad4, HaIpuMep, [JIs1 IPOU3BOACTBA CAMOBBIPAaBHI-
BAIOIMX CYXUX cMecel mna cTskeK. Cpeny nmpenmy-
mecTB ['l] Mo cpaBHeHNIO C MOPTIAH/LEMEHTOM MOX-
HO BBIJIE/INTH BBICOKYIO IIPOYHOCTH, OBICTPBIN HAbOP
MPOYHOCTM M BBICBIXaHUE OBICTPOTBEPHEIOUINX pe-
MOHTHBIX CMecell, a TaK)Ke perylInmpyeMoe pacumpe-
HUe ¥ KOMITeHcaluio fepopManuy ycaJKy HalloJIbHBIX
BBIPABHMBAIOIMX ¥ K/I€EBBIX IVIMTOYHBIX COCTABOB.
Mmunuepanorndecknit cocraB I'll coctout us ciegyro-
mux anoMnHaTHBX ¢as: CaO AL O;, CaO 2AL0O; n
12Ca0 7Al1,0;. Cucrema CaO-Al,03-H,O nopgpo6bHO
U3y4YeHa, a L1e/IbI0 TaHHO CTaTby ABAETCA MOMBITKA
IpefCcTaBUTh KpaTKuit 0630p aszoBoro cocrasa ru-
ppatupoBaHHOro I'll B 3aBMCUMMOCTM OT TeMIlepaTy-
PBI IpU TBEPAEHUM, @ TAK)Ke BAXKYIMX Ha ocHOBe ['1]
Y PasAMYHBIX Cynb(aToOB KalbLUA.

Kntouesvte cnosa: enunosemucmole yemeHmbol,
mepmoouHamu4eckoe modenuposanue, gasosviii cocmas

BeepeHue

[MMHO3eMMCTHIIT LIeMeHT OblI paspaboTaH B
KoHne XIX B. A5 pelleHNsT KOHKPETHO Hpo6IeMBI,
CBSI3aHHOI C KOppo3ueil 6ETOHOB Ha OCHOBE IIOPT-
JaH[LIeMEHTa B YCIOBUAX 9KCIUIyaTalluM B IIOYBAX U
TPYHTOBBIX BOJAX IIPY BBICOKOM COAEpPXKaHUY CYNIb-
¢daros [1]. [IpoBemeHHBIe MHOTOYMCIIEHHbIE UCCTIENO-
BaHMA II0Ka3a/IM BBICOKYIO JOITOBEYHOCTb COCTABOB
Ha ocHOBe I'll B cepHOKMCIBIX cpefax (2, 3], B ToM
4JIC/Ie B TAKOJ arpecCUBHOI cpefie, KaK MOpPCKasi Bofia
[4]. Kpome Toro, I'l] MOXXeT IPUMEHATHCS B cOYeTa-
HUU C HOPTIAHALIEMEHTOM, CynbdaTaMu u Mopudu-
HUPYOIUMHU f06aBKaMM [/Is1 0becriede s 6bICTPOro
CXBaTBIBaHUA ¥ Habopa IPOYHOCTH, a TaKXKe CHIKe-
Husa fedopmanuu ycagku. IIpyMepaMu mcmonb3oa-
HUS ABIAIOTCA CAMOBBIPaBHUBAOIINECA COCTABBI [/
YCTPOIICTBA OCHOBAHUA M MMOKPBITHA IOJIOB (CAMOBBI-
paBHUBAIOLIMECA CYXMe CMeCH I CTSKeK) U KileeBble
IUIMTOYHBIE COCTABHI [5].
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Fig.1. Composition range of calcium aluminate cements for
building applications compared to ordinary Portland
cementand some supplementary cementitious
materials

Puc.1. O6nacTtbcocTaBos L anactpontensHoro
NPUMEHEHWA NO CPaBHEHMIO C MOPTNaHALEMEHTOM
N HEKOTOPBIMU AOMONHUTENbHbBIMU BSXKY LM
MaTepuanamu

impurities are clays (aluminosilicates, mainly kaolin
group of mineral but also illite and chlorite), quartz
(Si0,), hematite (Fe,O;) and goethite [FeO(OH)] mainly
responsible for the red and brown colors of the deposits,
rutile and anatase (TiO,) [6]. The chemical composition
and mineralogy of CACs depend on the process and
composition of the raw materials and has been recently
reviewed by P6llmann [7]. Fig. 2 gives typical chemical
composition and mineralogy of the various grades of
CACs. The monocalciumaluminate (CA) is the most
important phase in the CACs. The higher alumina
grades, mainly used for refractory applications, have
a low amount of iron and silica and may contain CA,
(grossite) and a-ALO; (corundum) necessary against
expansion during firing. The main phases in addition
to CA of CACs with low alumina grade (about 40 to 60
wt % ALOs) usually used for building applications are
C4AF (brownmillerite), Ci2A; (mayenite), C,S (belite),
C,AS (gehlenite) and iron oxides in both the ferric Fe,O;
or ferrous FeO forms.

1. Hydration of the CA, CA;
and C;2A; phases

Calcium aluminate phases present in different
grades of calcium aluminate cements are CA, CA2 and
Ci2A7. The system C-A-H has been extensively studied
over a wide range of temperatures (see the review in
[8]). The dissolution of these phases in water is thought
of as being congruent and gives a solution containing
calcium ions Ca?* and aluminate ions AI(OH),-. The
main difficulties in the investigation of the system were
the presence of metastable compounds, the presence of
impurities, the carbonation during storage and sample
preparation that influence the values of solubility
product.

ITpn ucnonbp3oBaHMM OOKCUTOB M M3BECTHIKA
B KayeCTBe CHIPbEBBIX MaTepPyUasoB sl IPOU3BOLCTBA
I'l] monmy4aroTcsa MaTepmanbl C BBICOKUM CONEP>KaHM-
eM IIMHO3éMa 10 CPaBHEHMIO C MOPTIAH/L[EMEHTOM U
TOTIOJTHUTE/IbHBIMY BSDKYIIMMM MaTepuanamu (puc. 1).
BokcurtoBble pyAbl B OCHOBHOM COCTOST U3 TUAPOKCHU-
ma anroMuHus, tub6cura AI(OH);, 6émura AIO(OH) n
nracniopa AIO(OH), nmeromero ImIoTHO yIaKOBaHHYIO
cTpyKTYypy. [IpuMecsiMyu B 6OKCUTOBBIX PyAax sIB/s-
I0TCST TITHUCTBIe MMHepasbl (aIFOMOCHM/IMKATDI, Hpe-
MMYIIeCTBEHHO KAOTMHOBOI IPYIIIIBI, @ TAKXKe WIIINU-
TBI 11 X7opuThl), KBapy (Si0,), remarut (Fe,Os) u retut
[FeO(OH)], xoTopble MpUAAIOT MCXOXHOMY CBIPBIO Kpac-
Hble ¥ KOpMYHEeBbIle OTTeHKH, pyTun u axaras (TiOz)
[6]. Xumuyecknit u MyuHepanorndeckuit cocras I'l] 3a-
BUCUT OT crtocoba o6paboTKM M cOCTaBa CHIPbS (9TOT
Bompoc 611 HefaBHO paccMmoTper [1énnbmanuom) [7].
Ha puc. 2 npepcTaBied XMMUYeCKUIT M MIHEPATOTHU-
YeCKMI cocTaB pas3nnyuHbX TunoB I'll. MoHoamoMyHaT
kanpuus (CA) siBisieTcst BakHeriert ¢pasoit II1MHO3eMNI-
CTBIX I[EMEHTOB. bojiee BHICOKOT/IMHO3EMICThIE TUIIBI, B
OCHOBHOM JCIIO/Ib3yeMble A5 IPOU3BOCTBA OTHEYIIOPOB,
cofep>KaT MeHblllee KOMMYECTBO XKejle3a U KpeMHe3éMa
u MoryT cogepxatb CA; (rpoccut) un a-ALOs (kopyHp),
KOTOpbIe MPefOTBPALIAIT pacliMpeHre Ipu ooKure.
B I'll c Hu3KuM cofep>xaHueM rinuHoseMa (oxono 40-60
macc. % Al20s), KOTOpBIe IPUMEHSIOTCS B CTPOUTENBCTBE,
ocHOBHBIMU ¢asamu ABnsAoTca C,AF (6payEMuiepur),
Ci2A; (Mastenur), C,S (6ennt), C,AS (re1eHnT) ¥ OKCUIBI
xene3a B popmax okcupa sxenesa (III) Fe2Os mnn oxcu-
ma xenesa (II) FeO.

1.TuapaTaumsa ¢pas CA, CA.u C2A;

B munepanorugeckom cocrase I'll nmpucyrcrsy-
10T TaKue anoMuHaTHbIe Qaspl Kanpuus, Kak CA, CA,
u Cp A7 Cucrema C-A-H 6bia TiatepHO U3y4YeHa B
HIMPOKOM AMaIia3oHe TeMIepatyp (cM. 063op B [8]). Pac-
TBOpeHMe 9TUX (a3 B BOAE CUUTAETCS KOHTPYIHTHBIM, B
pesy/bTaTe 4ero o6pasyeTcsl BOGHBII pacTBOP, COfepxka-
it noHsl Kanbuusa Ca?* u mons! amromuHarta AI(OH),-.
C/O>KHOCTD UCC/IefOBAaHNA CUCTEMBI 3aK/TI04anach B Ha-
NINYINU METACTAOMIBHBIX KOMIIOHEHTOB, MOZO(PUIIPYIO-
mux f06aBOK, KapOOHM3ALMY B IPOLECCe XPAHEHVIS 11
HOJTOTOBKM 06PasIloB, YTO BIUAIO Ha PAaCTBOPUMOCTD.

Yro6b! IpefCcTaBUTh IPOLIECC TUAPATALIUA B Tede-
HIIe TIEPBBIX YacOB TBEPJEHI, CTIefyeT OTMETUTD Ha fua-
rpaMMe pacTBOPUMOCTH BOHBIX pacTBopoB CaO n ALO;
IS TIPOTHO3MPOBaHMsI GOPMUPOBAHMST BOSMOXKHBIX TH-
mpatos [9]. Hanmpumep, Ha puc. 3 moKasaHbl KpMBbIe pac-
tBopumocty C,AHg, CAHy m AH; mpy Temmeparype 20 °C
C YICHIO/Ib30BaHMEM T€PMONVHAMMIYECKIX JIAHHBIX, TIO/TY-
veHHbIX 13 6a3 PSI-GEMS [10] n Cemdata 14.01 [11]. Kpac-
Hasl KpUBasg COOTBETCTBYeT MAKCHMAIbHOMY II€pechlllie-
Huo C;AHj, paccunTaHHOrO 110 GOpMYJIe, IpefIoKeHHO
Hamupo u coaBr. [12], mokasbIBaeT OTHOLIEHVE 3HAYEHNUA
IIEpEChIEHNsA K TPOU3BEIEHNIO PACTBOPUMOCTY U KOH-
LeHTpanuy amoMuHara. Yem 6/vKe BOGHBI PacCTBOP Ha-
XOJJUTCSI K KPUBOJT MAKCUMA/IBHOTO [IEPECHIIeHNs, TeM ObI-
cTpee BbIMafaeT ocafok. Hanpumep, npu rupparanym CA,
KOHTPYSHTHOe pacTBOpeHMe (yHKTHpHas munausa C/A =1)
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Fig.2. Chemical composition and mineralogy of calcium aluminate cements
Puc. 2. XUMUYeCKU U MUHEPanormyeckmni CocTas rMmnMHO3EeMNCTOrO LeMeHTa

A useful way to represent the hydration path
during the first hours of hydration is to plot the CaO and
Al20s liquid compositions on the solubility diagram to
predict which hydrates may be formed [9]. As an example,
the Fig. 3 shows the solubility curves of C2AHs, CAH,o
and AHs at T = 20 °C using the thermodynamic data from
the PSI-GEMS [10] and Cemdata 14.01 databases [11]. The
red dash curve is the maximum supersaturation curve
of C2AHs calculated according to the equation proposed
by Damidot et al. [12] relating the supersaturation value
to the solubility product and aluminate concentration.
The closer the liquid composition to the maximum
supersaturation curve, the faster the precipitation is.
For example, in the case of CA hydration, the congruent
dissolution (dash line C/A = 1) leads to composition
that never reached the supersaturation curve leading
to long induction period and a competition between
CAH,, amorphous AH; and C,AHj precipitation (C,AHs
will dehydrate to C;AH;5 within a few hours [13]). This
induction period can be reduced by increasing the C/A
ratio of the solution for instance, by adding limewater
[9] or by the presence of Ci;A; in the cement. In this
case, the Ca concentration increases, or remains nearly
constant if the solution is saturated with lime, and the
concentration of Al in the solution decreases, resulting
in an increase of C/A ratio and a reduction or removal
of the induction period.

As suggested by Fryda et al. in Fig. 4 [14], the
dissolution of phases with C/A<2 as Cj,A; leads to a
hydration path that will quickly cross curve allowing
immediate crystallization of C,AH;. However, the amount
of precipitate C;AHj is low and the concentrations of the
solution decrease until it reaches the solubility curve

HpyBefieT K 06pa3oBaHNI0 PacTBOPA, KOTOPbINI HUKOT/A
He JOCTUTHET KPMUBOJ MAaKCHMAIbHOTO HepechIIeH N, C
YBeIMYeHHBIMYU CPOKaMU CXBAaThIBaHMA Y KOHKYPEHIVIN
mexgy CAH,, amopdubiM AH; u BoienenusiM C,AHg
(C.AHjs perupparupyet B C;AH; 5 B TeueHue HECKOMBKUX
vacoB [13]). Cpoku cXBaTbIBaHUsI MOTYT ObITH COKpalile-
HBI, HAaIIpUMep, IyTéM yBennueHns cooTHoumenusa C/A B
pacTBope, ITyTEM BBeJleHI 1 I3BeCTKOBOTO MOJIOKa [9] mn
B pesynbTaTe Haau4uA B LeMeHTe Cp; Az B TakoM cryyae
KoHIeHTpalys Kanbiys (Ca) yBenuuurcst (MM ocTaHeTcs
HOYTY HEM3MEHHOI, €C/IM pacTBOP HACHIILICH M3BECTHIO), a
KOHIIeHTpauus aTioMyHuA (Al) B pacTBope yMeHbIINTCS,
4TO NMPUBEJET K pocTy cooTHommeHNA C/A 1 coKpalleHuIo
CPOKOB CXBaTBbIBaHNA.

@pupa u coaBT. Hpenmonoxuan (cM. puc. 4 [14]),
4To pactBopeHue ¢as npu C/A<2 B upe Ci,A; npuse-
IeT K OBICTPOMY IepecedeHNI0 KPUBOI TUAPATALUA C
KPUBOJ HepechILeHNs 1, COOTBETCTBEHHO, K HeMeJi-
nenHou xpucrammsanuu C,AHs. OgHako Konm4ecTBo
Boimasiero B ocagok C,AHg He6obII0E, 1 KOHIIEHTPA-
LM} PacTBOPA YMEHBIIAITCS O TeX IOp, TOKa He OyxeT
moCTUTHYTa KpuBas HachimeHua C,AHs. B aToi1 Touke
obpasoBaHme OCajika MPEKPATUTCS, M KOHI[EHTPALUN
CHOBa yBe/M4aTcs B pesynbrare pacTBopenns CipA; no
Beimazenus B ocanok C,AHs. Kak Tonbko 6yner moctur-
HYT npefen HachimeHusA CiAz, He OCTaHEeTCA ABVDKYIUX
CUJI [UISI pacTBOpeHMsI 6e3BOHOI (asbl, M TUApATALUS
MpPOJO/KUTCA MYTEM BbinafieHns B ocafiok CAH, nnn
AHs. PactBopenne ¢as, rie C/A>2, B Bue CsA, He 1mo-
3BOJIAT KOHI[EHTPallM} pacTBOpa JOCTUTHYTh YPOBHA
BepxHeit yactu KpuBoit HaceieHus C,AHs (puc. 4). B
stoMm cnydae C;AH; (a Tak>ke HEKOTOpOe KOMMYECTBO
C4AH, [15]) MO>KeT HellpepBIBHO BBIIIAZIaTh B OCAOK.



of C,AH;. At this point precipitation will stop and the
concentrations will increase again by dissolution of
Ci2A; until the precipitation of C;AH;. Once the Cp,A;
saturation is reached, there will be no more driving force
for dissolution of the anhydrous phase and the hydration
will continue by the precipitation of CAH,, or AH;. The
dissolution of phases with C/A>2, as C;A, does not allow
the concentrations of the solution to reach the upper part
of C;AHs solubility curve (Fig. 4). In this case, C;AHs can
continuously precipitate (and possibly some C,AHo [15]).
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g.3. C-A-Hsolubility diagramat T =20 °C as a function of the
C/Aratioin the unhydrated CAC. Thermodynamic data
were taken from the PSI-GEMS and CEMDATA 14.01
databases. Supersaturation curve of Co,AHsis calculated
according to the equation proposed in [12]

Puc. 3. Quarpamma pactsopumocTu C-A-H npwm
TemnepaTtype 20 °C kak dyHKUMa cooTHoweHus C/A
B HerngpatuposaHHoM L. TepMoanHamMmyeckne
naHHble 661K B3aTbl M3 6a3 PSI-GEMS 1 CEMDATA
14.01. Kpueaa nepecbiwernsa C,AHg paccumTaHa no
dopmyne, npennoxeHHom B [12]

These examples show that the induction period
can be reduced by increasing the C/A ratio of the solution.
Such increase can also be done by adding lithium salt that
will lower the AI** content in the solution by precipitation
of a lithium aluminum hydroxide hydrate [16]. The
induction period can also be suppressed by adding NaOH
in the solution. The addition of NaOH will not change
the calcium and aluminate concentrations in the solution,
but will modify the equation of charge neutrality leading
to a shift of the upper branch of the equilibrium and
supersaturation curves of C;AH; towards lower Ca?*
concentrations [12]. Similarly, the retarding effect of
some dispersants as citric acid may be explained by the
complexation of Ca*" by citrate ions lowering the C/A ratio
of the solution [17]. This effect is also observed for other
dispersant containing carboxylate ions as tartaric acid
[16]. However, we cannot rule out the possibility that the
retardation effect is due to the formation of a protective
layer due to the sorption of citrate ions onto the surface
of anhydrous grains that retards their dissolution [18]. A
summary of typical accelerating and retarding agents for
CAC can be found in [7]. It is also worth repeating here
that these effects are strongly dependent on temperature
and concentration.

According to Fig. 3, the hydration kinetic of CA; is
expected to be slow (dash line C/A = 0.5) and leads to the
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Fig.4. Diagram explaining the variation of the composition of
the solution with time in the case of the dissolution of a
phase with C/A <2 (for example Ci,A;) and of a phase
with C/A > 2 (for example C3A), adapted from [14].

Puc. 4. QuarpamMMa, NosicHsOWaa n3MeHeHne cocTasa
BOLHOIO pacTBOpPa BO BPEMEHM, B CllyYae pacTBOpeHUs
dasbl, rae C/A< 2 (Hanpumep, CpA7) n dasbl, rae C/A> 2
(Hanpumep, C3A), Ha ocHoBe [14]

STU ImpuMepHl IOKa3bIBAIOT, YTO BpeMs CXBa-
TBIBAaHUS MOXKET OBITb COKPAIl[eHO IYTEM yBeTNYEeHNUs
cootHomenusa C/A B pactBope. Takoe e cokpalleH1e
TAaK>Ke MOXKHO TOTTYYUTb, BBefleHVEeM JOOABKY TUTUEBOI
COJIN, KOTOpAsi CHIDKAET COflep>kaHue B pactBope Al B
pe3y/IbTaTe BBINIAEHU B OCAIOK TUTUI-aTIOMIHWI I'M-
Ipokcup ruppata [16]. CokpaTUTbh CPOKM CXBATbIBAHUA
TaKXXe MOXKHO, ITpu BBefeHuu B pacTBop NaOH. lo6as-
nenne NaOH He BnmsAeT Ha KOHLEHTPAUNY KaTbIVA U
QTIOMIUHN S, HO M3MEHUT COOTHOIIEHNE HeJITPaTbHOCTH
3apAJ0B, YTO NPUBENET K CMEIIEHNIO BEPXHEN TMHUA
paBHOBecKs U KpuBBIX IepecbimeHus C;AHs k 6omee
HM3KMM KoHUeHTpauusim Ca’* [12]. AHanorn4Ho, 3a-
MemAaoI it 3¢ ¢GeKT HeKOTOPBIX JUCIIEPraTOpPOB TUIIA
JIMMOHHOU KUCTIOTBI MOXKET ObITh 06BACHEH CBA3BIBAHN-
em Ca’" MOHaMM LMUTPATa, CHIDKAIOLIUM COOTHOLIEHME
C/A B pactBope [17]. Takoit apdexT HabIIOFAETCS U /IS
APYIUX JUCIIEPraTOPOB, COEeP>KalINX KapOOKCUIaT-1O0-
HBI, HAIIpUMep, /I BUHHOI KUCTOTHI [16]. TeM He MeHee
MBI He MO>X€M JMICK/IIOUUTb BEPOATHOCTHU, YTO 3aMefiys-
fomuit a¢¢dexT BbIsBaH (pOpMUPOBAHMEM 3AI[UTHOTO
CJI051 B pe3yjIbTaTe COpOLMYU VIOHOB LIUTpaTa Ha IOBEepX-
HOCTU 06€3BOXKEHHBIX KPUCTA/I/IOB, YTO ¥ IMPUBOJUT K
CHIDKEHIIO CKOpOCTK uX pactBopenus [18]. Ilepeuenn
TUNMYHBIX KaTaIn3aTOpoB U 3amepnurenei I'l] moxxHo
HaiiTu B uctouHuke [7]. CTOUT TaK>Xe MOBTOPUTb, YTO
HaHHbIe 3G GEKT B 3HAYUTETBHON CTEIIeHN 3aBUCAT OT
TeMIIEpPaTyPbl X KOHLIEHTPALUN.

CormacHo puc. 3, 0OXUIaeTCsA, 9YTO CKOPOCTb TU-
nparanun CA, 6ymer Huskoi (mynkrupHas nuuaus C/
A=0,5) v mpuBenéT K 06pasoBaHNIO KPUCTA/UINIECKOTO
AH;. OgHaKo pesynbTaThl aHaIM30B IPOTUBOPEYMBLI, TAK
KaK CpOKM cxBaTbIBaHMA [13, 19, 20] MOTyT M3MeHUTbCA
B CB#3U ¢ o6pasoBaHyeM yucToro CA,. Xors guarpamma
PacTBOPMMOCTY 1 IIO3BOJIAET CHeNATh HEKOTOPbIe BBIBO-
Ibl, TaKMe IapaMeTpsl, KaK TerroBas 06paboTka, mio-
Mafb MOBEPXHOCTH, KPUCTA/INIECKOE COCTOAHME, Ha-
nr4ye MOFUGUIVIPYIOIMX f00aBOK TaK)Ke OKa3bIBAIOT
BIIUsHNE Ha IIpolecc ruaparaunu. Xiojaep 1 coasT. [21]



formation of crystalline AHs. However, experimental data
are contradictory with regards to the induction period
(13, 19, 20] may be by the difficulty in obtaining pure CA.,.
Although solubility diagram is helpful to understand,
other parameters as thermal treatment, surface area,
crystallinity, presence of impurities have an impact on the
hydration. Hueller et al. [21], for example, show that the
crystallinity and surface area of CA; strongly influence
the kinetics of hydration and may lead to a complete
hydration of CA, with the formation of C;AHs and AH;
within 24 hours. This is related to the early formation of
large amounts of AH; in the CA, paste possibly related
to the amount of X-ray amorphous CA,.

2. The conversion reaction in
calcium aluminate cements

The phase assemblage obtained from hydration
of calcium aluminate cement at different C/A
ratio can be modelled using the Gibbs free energy
minimization software GEMS [23-25]. To model
the phase assemblage at early age, the formation
of CsAHs, not experimentally observed, was
suppressed in the calculation and we assume AH;
as amorphous (Fig. 5a). However, CAH,y, C;AHjs
and C4AH,s will convert to the more stable phases
Cs;AHs and AH; as microcrystalline or as gibbsite
(Fig. 5b). Since these phases have very different
densities, the conversion is often accompanied by
an increase of porosity and reduction in strength
especially at high water to cement ratio. In case of
misuse of calcium aluminate cement, failures of
buildings may arise but rarely due solely to conversion
[26]. At low water to cement ratio, the release of water
from the metastable hydrates can continue to hydrate
residual anhydrous clinker to reduce the porosity
increase [27].

Various ways have been proposed in the
literature to reduce the increase of porosity. The
presence of silica, either from impurities in the raw
materials (gehlenite and belite) or from supplementary
cementitious material additions such as blast furnace
slag, fly ash, silica fume or metakaolin leads to the
precipitation of stratlingite C;ASHs and siliceous
hydrogarnet ([22], Fig. 5¢). The porosity increase is
calculated to be reduced in the presence of reacted
Si0,, as SiO; stabilizes stritlingite instead of CAH,,
and C;AHs (Fig. 5d). As shown by Lothenbach [22], the
thermodynamic calculations indicate that higher SiO,
replacement levels could even prevent the conversion
process completely.

Another interesting approach is the use of high
soluble salt in order to promote the precipitation of
different phases. The addition of sodium phosphates seems
to prevent the precipitation of conventional hydration
phases by the formation of a C-A-P-H gel [28]. Falzone
et al. [29] used calcium nitrate Ca(NOs),, already used
in construction as a corrosion inhibition agent and as an
accelerating admixture, to form NO;-AFm phase at the
expense of C;AHg across the 5-55 °C range of temperature.

MI0Ka3aJIM, YTO KPUCTA/UINIECKOe COCTOSIHYE U IIOLIATb
noBepxHocTi CA; OKa3bIBaIOT 3HAUUTEIbHOE BINAHUE
Ha KMHEeTHKY I'MApaTaliuy ¥ MOTYT IIPUBECTH K IOIHOM
ruppatauyu CA, ¢ obpasoBanuem C;AHg u AH; B Te-
JeHMe 24 acoB. ITO CBA3AHO C paHHMM 00pa3oBaHUEM
6onpioro xonndecrsa AH; B Macce CA;, 94TO, BO3MOX-
HO, CBA3aHO C KOJIMYeCTBOM peHTTeHoaMopdHoro CA,.

2. Peakuus koHBepcuu B
rMUHO3eMUCTOM LLleMeHTe

®a30BBIiT COCTAB, 00Pa3yIOIMIICS IPY TU/paTa-
uuu I'1] ¢ pasupiMu cooTHomeHUsAMM C/A, MOXeT ObITH
CMOZIe/TMPOBaH C MOMOIIBIO IIPOrPAMMHOTO obecIede-
HUsI METOLOM MUHMMU3aLuy cBOOOHOI sHeprym [16-
6ca GEMS [23-25]. [Jna mopenupoBaHus ¢a3oBoro co-
CTaBa Ha PaHHMX STanax TBepaeHus: coegunenne CsAHs
He HAa6/II0[1a/I0Ch IKCIIEPUMEHTAIBHO 1 OBIIO UCKITIOIEHO
I/ pacyeToB, M MBI IonaraeM, 4To AH; umeer amopod-
HYIO CTPYKTYpY (puc. 5a). Tem ne menee CAH,y, C;AHjs
u C,AH;s nepexonsar B 6onee crabunpuyio ¢pasy C;AH
u AH; B MUKPOKPUCTA/UINYECKOM BIJie UK B BUfE TUb-
6cura (puc. 5b). ITockonbky y aTux ¢as pasHas IJIOT-
HOCTb, KOHBEPCHS YaCTO COIPOBOXKAAETCS HOBBIIIEHVIEM
HOPUCTOCTY U CHVMKEHNEM IIPOYHOCTH, OCOOEHHO IpK
BBICOKOM BOJIOL[EMEHTHOM OTHOLIIeHNN. B cy4ae Hempa-
BIJIBHOTO MCIIONb30BAHMSI [JIMHO3EMICTOrO LIEMEHTa
MO>KET IIPOM3OITY Pas3pylleHre KOHCTPYKIUY, HO 3TO
PeIKO CIy4aeTcs MCKIIYUTENbHO IO IPUYNHE KOHBEP-
cun [26]. IIpy HM3KOM COOTHOLIEHNY BOABI U [jeMEHTa
BBICBOOO>K/€HIE BOABI 113 METACTAONM/IPHBIX TUAPATOB
MOXXET IIPUBECTH K IVAPATALVIN OCTATOIHBIX Ge3BOHBIX
KIIMHKEPOB U COKPATUTb POCT MOPUCTOCTH [27].

B nurepatype 65110 IIpeI0XeHO HECKOIBKO CIIO-
COO0B CHIDKEHMS MOPUCTOCTH. IIprucyTCTBME KpeMHe-
38Ma, HAXOMAIIETOCs B ChIpbe (Te/IeHUT U 6enuT) Min
B JOTIO/THUTENbHBIX BSKYLINX MaTepuanax, TAKUX Kak
JOMEHHBII 1I/TaK, 30/1a-YHOCA, KBaplieBasi MblIb WK
METaKaO/IH, IPUBONUT K BBIMALEHNUIO B OCATOK I'-
nporenenuta C;ASHs 1 KpeMHMeBOTO TUApOTpaHaTa
([22], puc. 5¢). Cuntaercs, YTO POCT MOPUCTOCTI MOXKET
OBITH CHIDKEH B IIPUCYTCTBUY BCTYIUBILETO B PEAKIINIO
SiO;, Tak kak SiO, cTabunuaMpyer ruporeJIeHUT BMe-
cro CAH,p u C;AH (puc. 5d). CornacHo Jlotenbaxy [22],
TepMOLMHAMUYECKe PacyéThl YKasbIBAIOT, 4YTO Ooree
BBICOKMIT YpOBeHb 3aMelleHns SiO, MOXXeT MOTHOCThIO
OCTaHOBUTb MPOLECC KOHBEPCUIL.

Jpyroit MHTEpEeCHBIN NIOLXOJ, 3aK/JIIYaeTcs
B BBeJeHUN OBICTPOPACTBOPUMOI COMM A/t YCKO-
peHus BbIJeNeHMe pa3nu4HbIX (a3. CymecTsyer
IpeANOIOXKeHNe, YTO BBefeHue PoCcHOPHOKUCIOTO
HaTpyA HNPENATCTBYeT BbIJENEeHNI0 TUIMYHBIX TU-
IpaTalMOHHBIX (a3 myTéM obpasosaHus reas C-A-
P-H [28]. ®anbuoHe u coaBT. [29] mcnonb3oBanu
Hurtpar Kanbuusa Ca(NOs),, KOTOPBII IpUMEHSET-
Cs1 B CTPOMTE/NbCTBE B KauecTBe MHTMOUTOPa KOPpo-
3K U HOOABKU-YCKOPUTENS, A/s1 06pasoBaHMs (Basbl
NO;-AFm 3a cuét C;AH¢ B ;anasoHe TeMIepaTyp
5-55 °C. HecMmoTps Ha OBICTPYIO PacTBOPUMOCTD,
BBefeHMe fo6aBKky Na,COs; He IO3BONMNIO YCKOPUTD
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Despite its high solubility the Na,COs fails to promote
the monocarbonate phase formation CO,-AFm. In this
case, the formation of other carbonate bearing phases
(gaylussite and thenardite) that compete for CO5* ions
suppress carboaluminate formation [30]. Other approach
as early carbonation curing appears encouraging to reduce
the porosity increase by the precipitation of stable phases
and calcium carbonates [31]. This influence of other
constituents on the conversion process has been also
recently observed in concrete according to the nature of
the aggregates (limestone or siliceous aggregates) [32].

before conversion J/ no koHBEpPCUM
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molar ratio //

CaO/AlLO;
MOJ1. COOTHOLWEeHWe

CaO/Al,Os

Fig.5. Thermodynamic phase assemblage modelling of the
hydration of cement with excess water as a function of
C/A molarratio at 20 °C before (a) and after conversion
(b) and in the case of CA blended with 10 mass % of SiO»
before (c) and after conversion (d), adapted from [22].
Volume expressed as cm?/100 g unhydrated blended
cement

Puc.5. TepMmoanHaMmnyeckoe MoaenmpoBaHme GasoBoro
cocTaBa Npu r’MapaTaLmmn LeMeHTa B yCNoBMAX
136bITKa BOAb! B BUAe byHKUMKM MonapHon aonu C/A
npu Temnepatype 20 °C go (a) unocne koHeepcun (b)
n B cnydae cmewmbaHmna CAcl10macc. % SiO- o (c) u
nocne koHsepcum (d), Ha ocHoBe [22]. O6bEM BbiparkeH
B8cM¥100 r HerMapaTUPOBaHHOM LIEMEHTHOM CMecK

3. Reactions of aluminate cements
with calcium sulphate

CACs can be used in combination with different
calcium sulphate sources as binder of self-levelling
mortars for under- and overlayments or screeds. This
type of binder together with special admixtures makes a
fast drying and a rapid strength development possible, as

well as shrinkage compensation of the cured mortar [5].

3CA+3CS+38H - C,ASH,, +2AH,

The rapid strength development and expansive behaviour
are related to the formation of ettringite according to the
following equation:

The sulphate necessary for ettringite formation

is provided by blending CAC with calcium sulphates.

As previously reported in the literature (see [35] and

molar ratio //
MOJ1. COOTHOLWEHME

obpasoBanue MoHokapbonatHoi ¢assr CO,-AFm. B
9TOM ClIy4ae BbIJeTIeHMEe JPYIUX KapOOHATHBIX (a3
(HATPOKA/IBIUT U TEHAPAUT), OOPIOIIUXCS 32 MOHBI
COs*, momasnsietT obpasoBaHme kapboanomuHara [30].
Takoit mopxoy, Kak paHHAA KapOOHU3AI M MOXET CO-
[eiiCTBOBATh CHIDKEHUIO ITOPUCTOCTH B pe3y/bTaTe
BbIJIe/IeHNUsI CTAOMIbHBIX a3 M KapOOHATOB KaJIbIINs
[31]. Takoe BAMsIHME MPOYMX KOMIIOHEHTOB Ha IpPO-
Ijecc KOHBepcuy ObIIO TaK)Ke HeJlaBHO OOHAPYXXEHO B
6eTOoHe, 1 OHO 00YC/IOBIIEHO BIMAHMEM 3aIIOTHUTENel
(n3BecTHAKOBBIE M/IM KBaplieBble eckn) [32].

3. Peakuuu antoMMHaTHbIX
LeMeHTOB ¢ cynbdaToM Kanbums

[IMHO3eMUCTBIi IIEMEHT MOXKET MCIIO/Ib30BaTh-
CsI COBMECTHO € Pa3IMYHbIMI MaTeplanaMy Ha OCHOBe
cynbara Kajblus, HAIPYMep, B Ka4eCTBe BSXKYIETO B
CaMOBBIPABHUBAIOI[MXCSI PACTBOPHBIX CMECSX /IS OC-
HOBAHMS VI BEPXHETO [OKPBITHS [T0/I0B (CAMOBBIPABHH-
BAIOLIMeECS CyXMe CMeCH IS CTsDKeK). Takoe BsKylee B
COYeTaHMUU CO CIIeVabHBIMU J06aBKaMU CIIOCOOCTBY-
eT GBICTPOMY CXBATBIBAHMUIO 11 OBICTPOMY HabOpPY IPOU-
HOCTH, a TAK)Ke KOMIIEHCALIMM YCafKI 3aTBEPHEBLIETO
pacrBopa [5]. BeICTpBIiT HAOOP TPOYHOCTY U TEHAEHIIV
K PaCLIMPEHNIO CBsA3aHBI C 00pa3oBaHNeM STTPUHIUTA,
COIJIACHO CJIEAYIONIeMY YPaBHEHUIO peaKIV:

Cynbdar, He06X0aUMBII /151 06pasoBaHusA 3T-
TPUHTIMUTA, IIONy9aeTCA B pe3ynbTrare cMemmBanmsa 'l ¢
cynbdaTtamu Kanpiua. Kak panee coo61manoch B nuTe-

3CA+3CS+38H — C,AS,H,, +2AH,

patype (cMm. [35] u cepiknm), Gpas3oBblit COCTaB MEHSIETCS B
3aBMCUMOCTH OT cooTHoenusA CA u cynbgara, KaK Io-
Ka3aHo Ha puC. 6. Tak KaK STTPUHIUT ABJAETCA BOJHOI
$a3zoit, To KONMMYECTBO BOADI, HEOOXOAMMOI /15 IIOTHO
TUApaTaluy, 3SHAYUTEIBHO BBIIIe, YeM JI/IA MOpTAaH1e-
menTa. Hanbonpiuas Bogonotpe6HoCTd B cricteme CA n
cynbdaTa KaJabLysa COOTBETCTBYET MaKCUMaIbHOMY CO-
mep>xaHuio aTTpuHrKTa. Ha Hee mpuxopgutca 0,46 oTHO-
CUTEIbHOI ;oMU Cynbdara Kaablys, a A IONTHOM TU-
mparanuu Heob6xonuMmo BogoTBeproe (B/T) oTHOwmeHME
= 0,78. Ha puc. 6 B/T orHOomenne = 0,80, 4TO rapaHTu-
pyeT M36BITOK BOAHI B cucTeMe (MuHMManbHoe B/T o1-
HollleHVe, HeobxonuMoe [yt nonHolt rupparaunu CA,
yKa3aHO Ha ocu cupaBa). OGHAKO MaTepualbl, UCIIONb-
3yeMble [JIs1 peMOHTA VIV CTAKKM TI0/IOB, IMEIOT C/IMII-
KOM HM3Koe oTHomeHne B/T, 4To6bl JOCTHYD BBICOKOIT
paHHell IPOYHOCTH U, CKOpee BCEro, Cofiep>KaT JOCTaTod-
HOe KO/IMYeCTBO HeIMPpaTMpPOBAaHHOTO BKYyIIero [34].
PacmupeHue 0ObIYHO CBA3aHO C HA/IMYUEM STTPUHTUTA,
a TOYHee ¢ IepechlljeH)eM IOPMCTOr0 pacTBOPa 3a CUET
STTPUHTUTA, PACIpefie/IeHIA U yAepKaHMA KpUCTAJINIOB
B nopax [35]. CornacHo bussosepo u coast. [35], Takoe
pacuImpeHne CTAHOBUTCA HEYCTONYMBBIM, €C/IM MacCo-
Bas [0 cynb¢aTa Kajablusa HIPUOIU3UTENbHO BbIIe
0,41. Ha Hava/mbHBIX cTafuAX (asoBbIil COCTaB U COCTAB
IOPOBOIO pacTBOpa B 3HAUUTEIbHON CTeIIeHM 3aBUCAT
OT PeaKTUBHOCTH CylIbdara KajbLs, CBA3AHHON C UX
MUHepaJIOrNYeCKMM COCTaBOM (TMIIC, IOMYTUpaT UK
aHruaput) [36]. CTOUT OTMETUTD, YTO OBIIK CHeTaHbl



references therein), the phase assemblage changes with
the CA to sulphate ratio as depicted in Fig. 6. Since
ettringite is a water rich phase, the water demand for
complete hydration is considerably higher than for
Portland cement. The highest water demand in the
CA with calcium sulphate system corresponds to the
maximum of ettringite formation. It corresponds to a
calcium sulphate fraction of 0.46 and a water to binder
weight ratio of 0.78 is needed for a complete hydration.
In Fig. 6, the water to binder ratio (w/b) of 0.80 is
used to ensure excess of water in the system (the
minimum of w/b required for a complete hydration of
CA is indicated in the right axis). However, materials
used for repair or flooring screeds have a low water
to binder ratio to achieve high early strengths and
are likely to retain much unhydrated binder [34].
Expansion is usually related with the presence of
ettringite, more precisely to the supersaturation
of the pore solution with respect to ettringite, the
distribution and confinement of the crystals into the
pores [35]. According to Bizzozero et al. [35], this
expansion becomes unstable above a calcium sulphate
mass fraction of about 0.41. At early age, the phase
assemblage and pore solution composition are strongly
dependant on the reactivity of calcium sulphate
related to their mineralogy (gypsum, hemihydrate or
anhydrite) [36]. It is worth noting that some attempts
are done to model the hydration kinetics in such
system taking into account the reactive surface of both
anhydrous and hydrate phases although calibration
based on experimental data is needed [37].

The binder is usually used with admixtures
in order to make a fast drying and a rapid strength
development possible, as well as shrinkage
compensation of the cured mortar. Little indications
about the influence of admixtures or temperature have
been reported for the calcium sulphate — calcium
aluminate systems although their presence can strongly
influence the hydration process. The morphology of
ettringite crystals for example is an important factor
influencing properties like permeability and the
presence of chemical admixtures is known to modify
the ettringite morphology [38]. Also the addition
of calcium hydroxide in the system is not yet fully
understood. With small addition of lime, CaO, the
formation of ettringite is accelerated; at later ages the
ettringite content is similar as in the case without
lime. In contrast, an excess of lime retards the reaction
(i.e. the formation of ettringite). Different hypothesis
have been proposed to explain this effect: it has been
attributed to the blocking effect of the ettringite seeds
by adsorption on their surface of Ca preventing growth,
a formation of a layer around grains which slow down
their dissolution or adsorption of Ca?* ions which
block dissolution sites of CA [39]. As shown by Goetz-
Neunhoeffer [40], the acceleration effect of Li,CO3; may
be explained by the precipitation of lithium aluminate
hydrate LA,H;, that stimulates the ettringite formation
whereas the retarding effect of the tartaric acid used
as dispersant may be due to the formation of a calcium
tartrate gel at the surface of sulphates.
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Fig. 6. Thermodynamic phase assemblage modelling of the
hydration of CA blended with calcium sulphate as
afunction of calcium sulphate mass fraction in the
unhydrated blended cement at w/b =0.80. Volume
expressed as cm?®/ 100 g unhydrated blended cement
(left-hand side). Minimum w/b ratio required for
complete hydration of CA is shown on the right-hand
axis, adapted from [33]

Puc. 6. TepmogmnHaMmnyeckoe MmogennposaHmne GasoBoro
cocTaBaruapataumm CA, c nobaBkom cynbdaTa
Kanbuma, B Buae GyHKLUMKM MaccoBOW fLoNu cynbdaTa
Kanbumsa B HEMMAPATUPOBaHHOM LLEMEHTHOrO
BaxyLLero npuv B/T oTHoweHnn = 0,80. O6bém
BblpaxeH B cM3/100 r HernapaTMpPOBaHHOM LLEMEHTHOM
cMecu (cnesa). MuHuMansHoe B/B oTHoweHme,
HeobxoanMoe And noaHoun rnapataumnm CA, ykasaHo Ha
ocu cnpaga, Ha ocHoBe [33]

HONBITKM CMOJIEIMPOBATh KMHETUKY TUAPATALlUK B Ta-
KOI1 CHCTeMe, C yYeTOM PeaKTVMBHBIX IIOBEPXHOCTeN Oe3-
BOJIHOIT V1 BOTHOI (a3, Ipy 9TOM HeOOXOAMMO IIPOBECTH
Ka/nMOpOBKY Ha OCHOBaHMM Pe3y/IbTaToB aHanusa [37].

Bspxy1ee 06BIYHO UCIIONB3YeTCs € [OOABKAMM AJIst
YCKOpeHU: CXBaTbIBaHMA M OBICTPOro Habopa IIPOYHOCTH,
a TaK)Ke KOMIIEHCAIVIM YCaiK/ 3aTBepeBIIero pacTBoOpa.
[TpuBopuTcs Mano MHGOPMALIMK O BIMUSHIS JOOABOK WK
TeMIIePaTypbl Ha CUCTEMBI CY/Ib(aT Ka/IbLyist — a/IIOMIHAT
KaJIBLVST, XOTSI MX IIPVUCYTCTBYIE MOXKET 3HAYMTEIBHO I10-
B/IMATD Ha nporecc rupparaumy. CTpyKTypa KpUCTajIIoB
STTPUHTUTA, HATIPUMED, SIBJISIETCST BAYKHBIM (paKTOPOM, BIIN-
STOLYIM Ha TaK1e CBOJCTBA, KaK IIPOHMIIAEMOCTD, TAKKE 13-
BECTHO, YTO Ha/IM4ye XMMUYECKIX JOOaBOK MeHsAeT CTPYK-
Typy oTTpuHruta [38]. [Ipu aTOM yBemdeHye cofepyKaHms
TUPOKCHU/IA KA/IBLIMS B CHCTEME ellje He O KOHI[a U3YYeHO.
[Tpn nobasnennu rHebonpioro Komdectsa ussecti (Ca0),
YCKOpsIeTCsL IpoLiecc 00pasoBaHust STTPUHINTA; Ha Goree
HO3[HUX CTaiUAX COfiepKaHe STTPUHIUTA CTAHOBUTCS Ta-
KIM JKe, KaK ec/iyt Obl n3BecTb He fobassim. VI Hao6opor,
M30OBITOK M3BECTH 3aMejIsieT peakuuio (T.e. o6pasoBaHe
aTTpuHruTa). [I1s1 06'bsicHeHns atoro addekra npepara-
JIUCh Pas3/IYHbIe IUIIOTE3BL: €T0 CBA3BIBAIU C OIIOKVPYIOLIM
3¢ deKTOM KPUCTA/IIOB STTPUHIUTA, aOCOPOMPYIOLIMY HA
CBOeJ1 HOBepXHOCTY Kabliuii (Ca), KOTOPBII IPEIIATCTBYET
pocry, ¢ 06pa3oBaHeM IVIEHKN BOKPYT KPUCTAJIIOB, 3aMef-
JIATONIEN UX PacTBOPeHue, win ¢ abcopbiueit moros Ca?*, Ko-
TOpble 671oKMpYIOT pactBopeHye y31moB CA [39]. Kak mokasan
T'éru-Hortrxoddep [40], addekT yekopeHyis pu BBe[eHUN
no6asku Li,CO; MoeT ObITh OObSCHEH BhIITAlEHIEM B OCa-
mok anmomoruppara matus LA,Hio, uto ctumynupyer obpa-
30BaHMe STTPUHINUTA, TOIHA KakK 3¢pdeKT 3aMemieHns Ipu
BBeJleHN Y 0O BKY BUHHOU KUCTIOTBI, MICIIONIb3YeMOi B Kate-
CTBe [JUCIIEPraTopa, MOKeT ObITh 06yC/IOBIEH 00pasoBaHueM
Te/ist BUHHOKVIC/IOTO Ka/IbLVsl Ha IIOBEPXHOCTH CY/Ib(aToB.



Conclusions

This short article presents a short overview
of the phase assemblage in the CaO-Al;O; and CaO-
Al,03-SO; systems at ambient temperature and the
effect of some admixtures. Although we have not the
space here to develop other systems, it is important
to address the importance of the ternary systems
OPC-CA-calcium sulphate widely used in building
constructions [27].
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