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The ca.rbonate complex (3 CaO . Al,O3 . CaCO3 . nH2O) was Jound to be 
formecl in the optimum wa.y uncler hydrother-mal conclit-ions (a.t 181 °0) in the 
presence oj Ca(OH), in a. vaste mix consistency. 'l.'he presence oj �-quartz, power 
sta.tion jlyash, cement or 11 Á-tobennorite ajfects negatively Jormation oj the corn­
plex, ancl when this has a.lreculy existecl in the system, the components even show 
ct cleco-mposing effect. The results obtained hctve conjinnecl the earlier assumption 
in the sense that the. carbonate co-mplex ca.nnot be for-med uncler the conditions 
oj the -nwnufaclitring technology oj high-11ressure curecl li-me-silicate materials 
inclucling asbestos cement. 

INTRODUCTION 

In the production of high-pressure cured building materials, use is made of some 
raw-material components, above all lime or quartz sand, which usually contain 
variable amounts of calcite. The present study had the aim to determine whether 
in the course of the autoclave process in the production of cellular concrete or 
asbestos cement or other materials, the CaCO3 present may react with C3A producing 
the carbonate complex C3A .  CaCO3 . nH20. It was also thought possible that 
formation of this complex may preclude the occurence of the undesirable hydro­
garnate component (C3ASxH6_2x), which has been proved [l], [2] to have no substan­
tial effect on the physico-mechanical properties of high-pressure cured products. 
Dosch and H. zur Strassen [3] reported that the complex formed under hydro­
thermal conditions and designated as "monocarbonate" has the probable composition 
C3A. CaCO3 . 11 H2O. Spohn and Lieber [4] have proved that CaCO3 combines ·with
C3A(C4AF) in the form of suspension or paste producing the component 
C3A .  CaCO3 . 11 H2O. The phase of this composition was studied in particular 
by Tmriziani ancl Schippa [5], Seligman and Greening [6], [7], Budnikov et al. [8], 
Greene [9] and Feldman et al. [10]. Ludwig and Schwiete [11] have summarized 
the results of the works published so far on the subject. This summary indicates 
that most of the authors assurne thf carbonate complex to contain 10-11 H2O 
rnolecules. On the other hand, Jones and Roberts [12] report that the phase contains 
12 H2O molecules. Šauman et al. [13] have synthetized the complex and found 
11 H2O molecules; however, they have not confirmed the presence of this phase 
in quartz sand-cement mixes with stepped up CaCO3 addition, which have been 
autoclaved at 181 °0. Jambor [14] has pointed out the superior binding properties 
of the carbonate complex compared to those of the hydrogarnate phase or cakium 
hydroaluminates under cement hydration conditions. 
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EXPERIMENTAL 

Spec imen preparat ion and the methods employed  

The carbonate complex (O3A .  CaCO3• 11 H2O) was prepared from high purity 
O3A and precipitated CaCO3 A.R. (Merck). The basic equimolar mix. prcpared from 
finely dispersed components in the weight ratio O3A : CaCO3 = 2.7 : 1 was subjected 
to hydration in the form of suspension and in that of paste in high-pressure cylinders. 
The suspension was composed of 1 part of solids and 10 parts of the liquid phase 
(reboiled distilled water). The cylinders containing the suspension were revolved 
in the course of isothermal hydration, and the hydration products were dried in 
fl.owing nitrogen at 105 °0 for 8 hours. 

In some instances the suspension was allowed to stand for a longer period of time 
at 25 °0, and after filtration the precipitate was washed with aceton and ether. 
The specimens were investigated by X-ray diffraction (Mikro 111, Philips, Nether­
lands), differential and gravimetrie thermal analysis (Derivatograph, Orion, Buda­
pest), jnfrared spectral analysis (Perkin Elmer, Infracord 337) and scanning electron 
micrnscopy (Stereoscan, type 2A, Cambridge, England). 

ANALYSIS OF THE RESULTS OBTAINED 

Determinat ion of the optimum react ion conditions 

Hydration of the equimolar mixture of O3A and CaCO3 in the form of paste and 
suspension at 181 °0 for 24 hours of isothermal heating yielcled products, the X-ray 
analysis of which is shown in 'Fig. 1. 
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Fig. J. X-ray diffmction pattei·1is oj equimolai· mixtures oj C3A wul CaC03, 24 hrs/181° C, I -
suspension, II - paste. Symbols employed: C - ca/cite, E - C3AH6 , K - C3A. CaC03• 11 H20,

Q-13 -qitctrtz, R - Ca(OH)2. 
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Fig. 2. X-ray clijjnwtion patterns oj the equimolar mixture oj C3A ancl CaCO3 hyclratecl cit 181°0 
with various lengths oj ·isothermal clwell. 
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Fig . .3. X-ray clijfmction patte1·ns o.f the equimolcw mixture oj C3A ctncl CaCO3 in paste jorm, hycl­
ťatecl with an isothermal clwell oj 2 hrs at various temveratu·res. 
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Fig. 4 X-ray diffra.ction pattem oj the e'7uimola.1· mixture oj C3A ctncl CaCO3 in vaste fonn with cin 
adclition oj CaO or f.l-quartz, hydrateclfoi· 5 hrs at 181 °0. Admixtnre =X. C3A. 

The reaction mixture contained the complex C3A . CaCO3 . 11 H2O beside the 
initial components C3AH6 and CaCO3 • The paste consistency specimen contained 
a higher amount of the C3A . CaCO3 . 11 H2O phaee and a lower content of the initial
components. 

The optimum length of hydrothermal heating ,vas determined on a series of paste­
form specimens of the basic equimolar mixture, hydrated at 181 °C with isothermal 
heating for 1, 2, 3, 4, 5, 10 and 24 hours respectively. 

The X-ray evaluation (Fig. 2) indicates that the complex C3A . CaCO3 . 11 H2O 
is already formed within one hour of the reaction and that its amount does not 
sig:nificantly change for the further 4 hours. Langer hydration results in a partial 
decrease of the carbonate complex content, obviously as a result of its decomposition 
into the initial components C3AH6 and CaCO3 . 

The optimum hydration temperature was determined in a similar way. The 
specimens of paste consistency were subjected to hydrothermal reaction with an 
isothermal dwell of 2 hours at 100

1 
120, 140, 160 and 181 °C respectively. X-ray 

analysis revealed (Fig. 3) that the complex C3A. CaCO3 . 11 H2O is formed already 
at 100 °C in the same amounts as at the higher temperatures. 
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The e ffe c t  o f  medium o n  the  formation  o f  C3A. CaCO3 . 11 H2O 

Utilization of the carbonate complex C3A. CaCO3 . 11 H2O for binding the 
aluminate components of hydrothermally cllťed cements depends on its formation 
in systems containing also other components, above all Ca(O H)z, �-quartz (low) 
and 11 A-tobermorite. 

The approximate theoretical ratio CaO : C3A = 4 : 1 corresponds to the cement 
employed. The amount of CaO added to the basic equimolar mixture of C3A and 
CaCO3 corresponded to 4-, 2-, 1-, 0.5- and 0.25-fold of the weight of C3A. The speci­
mens were hydrated in paste for 5 hours at 181 °C, dried and subjected to X-ray 
analysis, the results of which are summarized in Fig. 4. 

X-ray analysis has shown that the complex C3A . CaCO3 . 11 H2O is formed even
at a four-fold excess of calcium hydroxide. From the intensity ratio of the diffraction 
lines for the carbonate complex, C3AH6 and calcite it may be assumed that the 
reaction equilibrium in the system with a high Ca(OR)z content is shifted towards 
formation of the complex C3A . CaCO3 . 11 H2O. 

The same procedure was used for studying the effect of quartz on the formation 
of the carbonate complex. The basic equimolar mixture of C3A and CaCO3 was 
mixed ·with pure �-quartz in amounts corresponding to 5-, 2-, 1-, 0.5- and 0.25-fold 
of the C3A content; the specimens in paste form were subjected to hydrothermal 
reaction at 181 °0 with a 5-hour isothermal dwell. The X-ra.y analysis of the reaction 
products is shown in Fig. 4. 

The reaction mixture with a 5-fold excess of qtrnrtz does not contain any 
C3A . CaCO3 . 11 H2O detectable by X-ray analysis. Only minute amounts of the 
complex were determined in the specimens containing 2-fold and 1-fold amounts 
of quartz, while the addition of 0.5 to 0.25-fold amount of quartz will not significantly 
affect the reaction equilibrium so that the complex C3A . CaCO3 . 11 H2O will be 
formed in amounts of the same order as had been produced from the basic components 
C3A and CaCO3 in the absence of �-quartz. 

The effect of �-quartz on the complex C3A . CaCO3 . 11 H2O is so intensive as to 
bring about its decomposition, when mixed with quartz and subjected to hydro­
thermal conditions. The complex prepared by hydration of the equimolar mixture 
of C3A + CaCO3 was mixed with five-, two- and one-fold of quartz and the mixture 
subjected to further hydrothermal reaction (5 hours at 181 °0). X-ray analysis 
showed that with the five-fold amount of quartz all the complex compound has 
decomposed, with the two-fold amount only a slight proportion of the carbonate 
complex remained intact, while only the treatment with the one-fold amount has 
resulted in no discernible decomposition, as indicated by the phase composition 
of the mixture shown in Fig. 5. The possibility of affecting formation of the complex 
C3A . CaCO3 . 11 H2O by other forms of SiO2 , and their decomposing effect were 
studied with the use of silicic acid gel. 

The basic equimolar mixture C3A + CaCO3 was mixed with SiO2-gel in amounts 
corresponding to 4-, 2- and 1-fold of the C3A content; the specimens in paste form 
were hydrated for 5 hours at 181 °0. X-ray analysis of the reaction product has 
shown that the SiO2-gel does not significantly influence formation of the carbonate 
complex, as indicated by Fig. 5. 

Further study of the complex C3A . CaCO3 . 11 H2O has shown that its formation 
and stability is strongly negatively affected by the presence of 11 A-tobermorite 
in the reaction system. The amount of the crystalline tobermoritic phase equivalent 
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to the content of C3A will completely suppress formation of the complex, or will 
 completely decompose all the C3A . CaCO3 . 11 H2O present. 

The same negative effect, on the carbonate complex is exhibited by Portland 
cement. The amount of cement corresponding to 0.5-fold of the C3A content, added 
to the basic equimolar mixture of C3A and CaCO3 , will influence the reaction system 
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Fig. 5. X-ray diffraction pattems oj C,A. CaCO, . 11 H2O with an adclition oj 13-qum·tz after hydro­
thermal treatment jor 5 hrs at 181 °0, and oj an equimolar mixtui·e ojC3A and CaCO3 with an addition 
oj SiO2 gel in paste jorm hyclrated jor ií hrs at 181 °0. Admixture =X. C3A. CaCO3 . 11 H2O; =

X.C3A. 

so that hydrothermal reaction for 5 hours at 181 °0 in the paste specimen will yield 
only minute amounts of the carbonate complex. 

The experiments mentioned above were supplemented with those usii;ig mixtures 
with quartz sand or fly-ash with CaO or cement and stepped-up amounts of CaCO3 

(0-20 %), No carbonate complex has been determined in the respective high­
pressure cured mixtures (181 °C). 

302 Silikáty .č. 4, 1981 



The Gonditions oj Fonnation and $tability oj the Garbonate Gornplex ... 

The propúties  of  t h e  carbonate  complex  O3A .  OaCO3 • 11 H2O

All the mi1ctures treated under hydroth�rmal conditions were subjected to micro­
structural X-ray analysis, as shown by the Figures. 

Infrared spectral analysis was used for analysing the specimens of the carbonate 
complex prepared under various hydration conditions. The absorption spectra are 
shown in Fig. 6. 

The complex C3A . CaCO3 • 11 H2O was found to be characterized by the absorption 
band with a maximum at 3380 cm-1

. The latter is considerably greater for the 
specimen on the last record (suspension, 168 hrs at 25 °0) than with the paste 
specimen in pattern II. The lowest band intensity is exhibited by spectrum I of the 
suspension specimen (24 hrs/181 °0). The carbonate complex is obviously also 
characterized by the absorption band with the maximum at 1380 cm-1. 

The properties of the carbonate complex were further studied by differential 
thermal analysis on the same specimens employed in the IR analysis. The DTA 
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Fig. 6. Injrared spectm oj C3A + CaCO3 mixtuťes in rnolctť ťatios ctfteť hydťothermal treatrnent: 
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I - C3A + CaCO3 (J : 1) 24 hi·s/181 °0 - snspens•;on 
II - C3A + CaCO3 (J: 1) 5 hrs/181 °0 - JJaste. 

III - C3A + CaCO3 (1: 1.01) 168 hrs/25 °0 - suspension. 
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Fig. 7. DTA curves of the mixture C3A + CaC03 in a. mola.r mtio qfter hydrothermal treatment: 
I - C3A + CaC03 (1 : 1) 24 hrs/181 °G - suspension. 

II - C3A + CaC03 (1 : I) 5 hrs/181 °G - vaste. 
III - C3A + CaC03 (1: 1.01) 168 hrs/25 °G - susvension. 

curves shown in Fig. 7 confirm the conclusions reached on the basis of the methods 
dealt with above. Ail the curves show identical endothermal peaks characterizing 
decomposition of the carbonate complex (220-240 °C), of C3AH6 (330-370 °C), 
Ca(OH)i (500-530 °C) and decomposition of CaCO3 (820-850 °C). 

The scanning electron microscope was found to be a very valuable tool in the 
study of the morphology of the carbonate complex particles. The investigation was 
concerned with specirnens treated at room temperature, as well as under hydro­
thermal conditions. The typical scaly or plate-shaped character of the crystals is well 
discernible on the stereoelectron micrographs in Figs. 8 and 9. Among the prevailing 
crystals of the complex, there are a few individua! sharp-edged crystals of the phase 
C3AH6 , characteristic by their hexagonal shapes. 

CONCLUSION 

The study was concerned with the formation of the carbonate complex 
C3A . CaCO3 . 11 H2O from the equimolar mixture of C3A and CaCO3 under hydro­
thermal conditions ( 100 °0-181 °C) using isothermal periods of 1-5 hours and 
specimens of paste consistency. 
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Formation of the complex C3A. CaC03 . 11 H20 is promoted by excess Ca(OH)i 
in the reaction system. 

Creation of C3A. CaC03. 11 H20 is considerably suppressed by the presence 
of �-quartz. The carbonate complex may even be decomposed to its original compon­
ents by an addition of quartz. No negative effect has been observed even at higher 
additions of silica gel. 

Portland cement and 11 A-tobermorite was likewise found to have a strongly 
negative effect on the formation of C,A . CaC03 . 11 H20 which is also decomposed 
in their presence. 

On the basis of the findings mentioned above and on that of further experiments 
with mixtures of quartz sand or fly-ash and cement or lime wjth stepped-up CaC03 

contents it h<1s been explicitely proved that the carbonate complex cannot be formed 
during teclmological production of high-pressure cured materials made from these 
raw materials. 
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P ODMÍNKY VZNIKU A ST ABILITY KARBONÁT O VÉHO K OMPLEXU 
(C3A. CaCO3 . nH2O) Z A  HYDROTERMÁLNÍCH P ODMÍNEK 

Zdeněk Šauman, Oldhch Hoffmann*), Ivan Kocuvan**), Jože Uršič**) 

Katedra technologie výroby stavebních hmot, Vysoké učení technické, B1·1w 

*) Výzkumný ústav stavebních hmot, Brno
**) Salonit, Anhovo, Jitgoslávie 

Studován vznik karbonátového komplexu (C3A . CaCO3 • 11 H2O) z ekvimolární směsi C3A 
a CaCO3 za hydrotermálních podmínek (100-181 °C) pí-i délce izotermní prodlevy 1-5 h a  pas­
tovité konzistenci vzorku. 

Tvorba komplexu C3A. CaCO3 . 11 H2O je podporována nadbytkem Ca(OH), v reakční sou­
stavě. 

Vznik C3A. CaCO3 . 11 H2O je značně potlačován pHtomností !3-kfomene. Vzniklý komplex 
může být pr-ísadou ldemene dokonce rozložen na původní složky. Negativní vliv nebyl pozorován 
i pí-i zvýšeném pi'.-ídavku SiO2-gelu. 

Negativní vliv na tvorbu C3A . CaCO3 . 11 H2O byl prokázán též za pHtomnosti 11 A-tober­
moritu a portlandského cementu. 

Na základě výše uvedeného a provedených pokusů se směsmi kfomičitého písku nebo elektrá­
renského popílku a cementu nebo vápna s odstupúovaným obsahem CaCO3, jež byly hydro­
termálně zpracovány, bylo jednoznačně prokázáno, že pí-i technologické výrobě autoklávovaných 
hmot z těchto surovin nemůže dojít ke tvorbě karbonát.ového komplexu. 
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Obr. J. Rentgenové difrakén-í záznamy ekvimolární směsi C3A a CaCO3, 24 h/181 °C, I - sus­
penze, II - pasta. Použité symboly: G - kalcit; E - C3AH6; K - C3A. CaCO3 . 11H2O; 
Q - {3-křemen; R - Ca(OH),.

Obr. 2. Rentgenové difrakční záznamy pasty ekvimolární směsi C3A ct CaCO3 hydratované při 
181 °0 s různou délkou izoternini prodlevy. 

Obr. 3. Rentgenové difrakční záznamy pasty ekvimolární směsi C3A a CaCO3 hycfratované s izo­
termní prodlevou 2 h při různých teplotách. 

Obr. 4. Rentgenové difra,kční záznamy pasty ekvimolární směsi C3A ct CaCO3 s přísadou CaO nebo 
{3-křemene, hydratované 5 h/181 °0. Přísada = X. C3A. 

Obi·. 5. Rentgenové difrakční záznamy C,A . CaCO3 • l 1H2O s přísadou {3-křemene po hydro­
termální rea,kci 5 h/181 °0 a pasta ekvimolární směsi C3A a CaCO3 s přísadou SiOrgelu, 
hydratovaná 5 h/181 °0.

Přísadct = X. (C3A. CaCO3. 11 H2O); = X. (C3A). 
Obr. 6. Infračervená spektra směsí C3A + CaCO3 v molárním JJoměrit - po hydrotermální reakci: 

I - C3A + CaCO3 (1 : 1) 24 h/181 °C - suspenze, 
II - C,A + CaCO3 (1: 1) 5 h/181 °0 - pasta, 
III - C,A + CaCO3 (1 : 1,01) 168 h/ 25 °0 - suspenze. 

Obr. 7. Difei-enční termické křivky směsí C3A + CaCO3 v molárním poměru - po hydrotermální 
reakci: 
I - C,A + CaCO3 (1 : 1) 24 h/181 °0 - suspenze, 
II - C3A + CaCO3 (1 : 1) 5 h/181 °0 - pasta,, 
III - C,A + CaCO3 (1 : 1,01) 168 h/ 25 °0 - suspenze. 

Obr. 8. Stereoelekti-onogram směsi C3A + CaCO3 (1 : 1) - 2 h/181 °0.

Obr. 9. Stei·eoelekti-onog-ram směsi C3A + CaCO3 (J : 1) - 168 h/25 °0.

YCJ10BHH OBPA3013A HI1fl H YCTOiil:1II1BO CTI1 
HOi\HIJIEHCA HAPB OHATOB (C,A.CaCQ3 .nl-I20) 

B I'I1,Il;POTEPMAJihHbIX YCJIOBI1HX 

3AeHeI< lUayMaH, 0JJApnmx I'ocpcpMaHH*), Hna1-1 HoJ:\ynaH**), Hame Yprnw1* *) 

I-fagjeiJpa mex1-10.11,oeim u npouaeoiJcinea cmpoume.11,b1-tbix .,I.aniepua.11,oe, Bpno 

*) lJ ay�1-io-ucc.11,eiJoea11ie.11,bc1.ut"í. uncnuunym cmpoume.11,bnbIX .,rnmepua.we, B pno 
- **) Ca.11,onum, Aneoeo, IOaoc.11,ae1ut

Hsy•ieno o6p aaonamie HOMrrJJe1<ca 1rnp6onaTon (C3A. CaC03. -1-1 I-120) us a1m11MOJlfl]lHOH 
CMec11 C,A II CaC03 B nIP,po-rep MaJII,lI!,JX ycJIOBlll1X (-100--'---'181 °C), B 3aB!ICIIMOc;T!I OT npo­
�\OJJiIUITeJIT,HOCTH H30TepM!-l'lCCHOH BI,JAep,mrn 1-5 1!UCOB H nacToo6p aauoii IWH311CTeflLl1111 
o6paa[(a. 

Ha o6p aaonairne JWMnJJeHca C,A. CaC03 . H H20 HMeeT rronom11TeJJ1,Hoe BJ111nH11e 
ua61,1TQK Ca(OI-1), B p ea1<1�110HH011 c11cTeMe. Boamurnonemie CJA . CaCOJ . H H20 B 3Ha•rn­
Tenr,HOJ1 CTeneI-iH FIOílaBJJH0TCl1 llJHICYTCTBHeM !3-1map [(a. Yme B03H11Klll11H HOMnJJel{C MO)I{HQ 
Iwme p a3JIOiIUJTI, npu HOMOll\Il ).\06amm 1map[(a Ha rrepnoHaqaJJbHblC COCTaBJJHIOIJ�Jle. OTp11-
l\aTeJI1,uoe BJJI-Il1IUle He Ha6moP,aJIOCh Aame npu IIOBbillieHHOM AD6anJJeHHII Si 02-1·eJJH. 

,D;ecTpy1<THBHoe nmrnmrn Ha o6p aaonamrn CJA. CaCOJ . U I-120 rrp onn11JIOc1, TaIrn;e 
y 1 '1 A - To6epMopnTa n nop TJJaHACJ<aro [(eMeHTa. 

Ha OCHOBaHFm Bhlllie J-13JJOllieHHOrO H 110 p eayJJhTaTaM ocyl[(eCTBJJeHHI,IX OnI,ITOB co CMeCITMII 
HpeMHenoro rrecI<a 11JHI 30JJI,J-yHoca a.TieHTpocTamvu'-í H �eMeHTa IIJJI( H3BeCTH C p aaP,eJieHIIl,!M 
110 CTCIIeHHM COAep mairneM CaC03 , lWTOpL!C I IOADep ramccr, 1'11).\p OTCpMaJJr,HOH op6a60T1,e, 
61,mo OAH03Ha•rno AOHa3aHO, 'JTO npH TeXHOJJOrH'JCC J{OM rrp OH3BOACTBe aBTOKJJaBHl,!X Ma­
TepIrnJJOB H3 élTOťO cup1,n He MO)ReT 61,rrr, o6pa30BaH rrnp 6oIIaTHI,JH KOMITJJeT,C. 

Puc, 1. Pe1-uneenoec1.ue iJugjpam-tuon1-tbie aanucu a1,eu,1io.11,a,pno1'í c,iiecu C,A tt CaC03, 

cym1.u/l8l 0G, f - oaeecb , ff - nacma; G - 1.a.11,btfwn, E - C3AHo, K - C3A. 
, CaC03 , U H20, Q - !3-,;eap4, B - Ca(OH)i, 

Puc. 2, Penmeenoech,ue iJugipa1.tfUOHnb!e aani�cu 1wcmbI, a,.,eu,iio.11,:ipnol'í c.,,iecu CJA u CaCOJ , 
euiJpamupoeaw-iol'í npu 181 ° C c paanol'í ee.11,u•uinot'í uaomep,m1•iec1.ot'í BbiiJep,,c,;u . 
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Puc. 3. Pewneenoac,;ue ouý3pw.411.01-t1-tbte aanucu n.acmbl, a1,au.11.0J1.Rp1-toii c.,iecu C3A u CaCOJ 

euopanmpoawu-w1'i c 11aomep.1iwtech'.01'í. ab1,oepJ1c1,01'i 2 •iaca npu paaHux me.wiepamypax. 
P11c. 4. PeHmeeHoaci;ue ouý3pa1,i1-uoH1-tbte aanucu n.acmbi a1,au.,11.0Mip1-toii c.,11.ecu. C3A 11. CaC03 

c 006aa1,oií. CaO uJ1.1t (3-1wap11-a, euopc11nu.poaa1-u-wií. 511,/181 °C. J{o6arn.:a = X. CJA. 
Puc. 5. Penmeenoaci.:ue ouý3pa1.11-iwn1-tbie aanucu C3A. CaC03 . 11 H20 c 006aa1,oii (3-Haapifa 

nocJ1.e euopomep„ 1ui•iec1wa peru.11-1.m 5 ·•1./181 °C u nacmbi a1,au„1io.ll.<1,p1-toii c.,iecu CJA 
u CaCOJ c 006aa1,oii Si02-eeJ1.,i eu.opa11wpoaan1-t0ii 5 •1./181 °C. J{o6cun.:a
= X. (C3A .  CaC03 . 11 l -I20); = X. (C3A).

Puc. 6. ÝÍHf/3pai,pac1-1,bie cnewnpbi c„ 11.eceií. CJA + CaC03 a ,\t0J1,.'IJ)H0„ 1i 011uw·111e1-tuu - noc11,e
euopomep .. 1w11,ec1.ol'i pean1-1w; i - . C3A + CaC03 (1: 1) cymHu/181 °C - aaeecb, 
i I - C3A + CaC03 (1: 1) 5 •i/181 °C - nacma, II I - C3A + CaC03 (1: 1,01) 
168 •1./25 °C - caeeci,. 

P11c. 7. J{ugjepempw11,bnb1e mep.,1itl"tec1,1.e 1,:p1wbte c.11eceii C3A + CaC03 a „110.,iH,p1·t0.Ai 0111no­
uie1-t1w. - ,wc/1,e euopomep.11,u.•iec,,oií pe,,.a.11-iw_: i - C3A + CaCOJ (1 : 1) cym,m/181 °C
- aaaecb, I I - C3A + CaC03 (1: 1) 5 •1/181 °C - nacma, II I - C3A + CnC03 

(1: 1,01) 168 ,i/25 °C - aaaeci,. 
Puc. 8. CmepeoaJ1,eh:mpo1-toepa.11.,11.a c.1iec1.1. 
Puc. 9. CmepeoaJ1,e1.mponoepa .. 11.1ia c.11.ec11. 

C3A + CaC03 (1: 1) 
C3A + CnC03 (1 : 1) 

2 •1/181 °C. 
168 •t/25 °C. 
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