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The carbonate complex (3 CaO . A,O;3.CaCO; . nH20) was found to be
formed in the optimum way under hydrothermal conditions (at 181°C) in the
presence of Ca(OH), in @ paste mix consistency. The presence of B-quartz, power
station flyash, cement or 11 A -tobermorite affects negatively formation of the com-
plex, and when this has already existed in the system, the components even show
a decomposing effect. The results obtained have confirmed the earlier assumption
in the sense that the. carbonate complex cannot be formed under the conditions
of the manufacturing technology of high-pressure cured lime-silicate materials
including 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 CaCO; present may react with C3A producing
the carbonate complex C;A.CaCO;.7nH,0. It was also thought possible that
formation of this complex may preclude the occurence of the undesirable hydro-
garnate component (C3ASxHs_»), which has been proved [1], [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
C;A . CaCO; . 11 H,0. Spohn and Lieber [4] have proved that CaCO3; combines with
C3A(C4AF) in the form of suspension or paste producing the component
C;A . CaCO;3 .11 H,0. The phase of this composition was studied in particular
by Turriziani and 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 assume the carbonate complex to contain 10—11 H,0
molecules. On the other hand, Jones and Roberts [12] report that the phase contains
12 H,0 molecules. Sauman et al. [13] have synthetized the complex and found
11 H,0 molecules; however, they have not confirmed the presence of this phase
in quartz sand-cement mixes with stepped up CaCOj; addition, which have been
autoclaved at 181 °C. Jambor [14] has pointed out the superior binding properties
of the carbonate complex compared to those of the hydrogarnate phase or calcium
hydroaluminates under cement hydration conditions.
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EXPERIMENTAL
Specimen preparation and the methods employed

The carbonate complex (C3A.CaCO;.11 H,0) was prepared from high purity
C;A and precipitated CaCO; A.R. (Merck). The basic equimolar mix. prepared from
finely dispersed components in the weight ratio C3A : CaCO; = 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
flowing nitrogen at 105 °C for 8 hours.

In some instances the suspension was allowed to stand for a longer period of time
at 25°C, 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 gravimetric thermal analysis (Derivatograph, Orion, Buda-
pest), infrared spectral analysis (Perkin Elmer, Infracord 337) and scanning electron
microscopy (Stereoscan, type 2A, Cambridge, Fngland).

ANALYSIS OF THE RESULTS OBTAINED
Determination of the optimum reaction conditions

Hydration of the equimolar mixture of C;A and CaCO; in the form of paste and
suspension at 181 °C for 24 hours of isothermal heating yielded products, the X-ray
analysis of which is shown in Fig. 1.
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Fig. 1. X-ray diffraction patterns of equimolar mixtures of C3A and CaCOj, 24 hrs[181° C, I —
suspension, II — paste. Symbols employed: C — calcite, I — C3AH;, K — C3A . CaCO; . 11 H,0,
@ — B — quartz, R — Ca(OH),.
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Fig. 2. X-ray diffraction patterns of the equimolar misture of C3A and CaCOj; hydrated at 181°C
with various lengths of isothermal dwell.
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Fig. 3. X-ray diffraction patterns of the equimolar mizxture of C3A and CaCOj; in paste form, hyd-
rated with an isothermal dwell of 2 hrs at various temperatures.
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Pig. 1 X-ray diffraction pattern of the equimolar mizture of CzA and CaCOj in paste form with an
addition of CaO or B-quartz, hydrated for 5 hrs at 181 °C. Admixture = X . C3A.

The reaction mixture contained the complex C;A .CaCO;.11 H,O beside the
initial components C3AHg and CaCO;. The paste consistency specimen contained
a higher amount of the C3A . CaCO3 . 11 H,0 phase and a lower content of the initial
components.

The optimum length of hydrothermal heating was 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 C;A . CaCOs .11 H,0
is already formed within one hour of the reaction and that its amount does not
significantly change for the further 4 hours. Longer hydration results in a partial
decrease of the carbonate complex content, obviously as a result of its decomposition
into the initial components C3AH¢ and CaCO3.

The optimum hydration temperaturc 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, 120, 140, 160 and 181 °C respectively. X-ray
analysis revealed (Fig. 3) that the complex C;A . CaCO; . 11 H,0 is formed already
at 100 °C in the same amounts as at the higher temperatures.
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The effect of medium on the formation of C3A .CaCO;.11 H,0

Utilization of the carbonate complex C;A .CaCO;.11 H,O for binding the
aluminate components of hydrothermally cured cements depends on its formation
in systems containing also other components, above all Ca(OH),, B-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 C;A and
CaCOj3 corresponded to 4-, 2-; 1-, 0.5- and 0.25-fold of the weight of C;A. 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 C;A . CaCO5 . 11 HZO is formed even
at a four-fold excess of calcium hydroxide. From the intensity ratio of the diffraction
lines for the carbonate complex, C;AH; and calcite it may be assumed that the
reaction equilibrium in the system with a high Ca(OH), content is shifted towards
formation of the complex C;A . CaCO; . 11 H,O.

The same procedure was used for studying the effect of quartz on the formation
of the carbonate complex. The basic equimolar mixture of C;A and CaCO; was
mixed with pure 3-quartz in amounts corresponding to 5-, 2-, 1-, 0.5- and 0.25-fold
of the C;A content; the specimens in paste form were subjected to hydrothermal
reaction at 181 °C with a 5-hour isothermal dwell. The X-ray analysis of the reaction
products is shown in Fig. 4.

The reaction mixture with a 5-fold excess of quertz does not contain any
C;A . CaCO; . 11 H,0 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 C3;A . CaCO; .11 H,O will be
formed in amounts of the same order as had been produced from the basic components
Cs;A and CaCOj; in the absence of fB-quarte.

The effect of 3-quartz on the complex C3;A . CaCO; . 11 H,0 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 4 CaCOj; was mixed with five-, two- and one-fold of quartz and the mixture
subjected to further hydrothermal reaction (5 hours at 181 °C). 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 atfecting formation of the complex
C;A . CaCO; . 11 H,O by other forms of SiO,, and their decomposing effect were
studied with the use of silicic acid gel.

The basic equimolar mixture C;A + CaCO; was mixed with SiO,-gel in amounts
corresponding to 4-, 2- and 1-fold of the C3;A content; the specimens in paste form
were hydrated for 5 hours at 181 °C. X-ray analysis of the reaction product has
shown that the SiO,-gel does not significantly influence formation of the carbonate
complex, as indicated by Fig. 5.

Further study of the complex C;A . CaCOs . 11 H,0 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 C;A will completely suppress formation of the complex, or will
completely decompose all the C3A . CaCO; . 11 H,0 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 C;A content, added
to the basic equimolar mixture of C;A and CaCOj;, will influence the reaction system
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Fig. 5. X-ray diffraction patterns of C3A . CaCO; . 11 Hy0 with en addition of B-quartz after hydsyo-

thermael treatment for 5 hrs at 181 °C, and of en equimolar mizture of C;A and CaCO3 with en addition

of SiO; gel in paste form hydrated for 5 hrs at 181 °C. Admixture = X . C;A . CaCO; . 11 H;0; =
X. CA.

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

The experiments mentioned above were supplemented with those using mixtures
with quartz sand or fly-ash with CaO or cement and stepped-up amounts of CaCOj;
(0—209%,). No carbonate complex has been determined in the respective high-
pressure cured mixtures (181 °C).
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The properties of the carbonate complex C3A . CaCO;. 11 H,0

All the mixtures treated under hydrothermal 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 C;A . CaCO; . 11 H,0 was found to be characterized by the absorption
band with a maximum at 3380 cm~!. The latter is considerably greater for the
specimen on the last record (suspension, 168 hrs at 25°C) than with the paste
specimen in pattern II. The lowest band intensity is exhibited by spectrum I of the
suspension specimen (24 hrs/181 °C). 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. Infrared spectra of C3A - CaCO; maxtures in molar ratios after hydrothermal treatment:
I — C3A 4 CaCO; (1 : 1) 24 hrs[181 °C — suspension
II — C3A + CaCO; (1 : 1) 5 hrs]181°C — paste.
IIT — C3A + CaCOg3 (1 : 1.01) 168 hrs|25 °C — suspension.
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Fig. 7. DTA curves of the mixture C3A + CaCOj in a molar ratio after hydrothermal treatment:
I — C3A + CaCO; (L : 1) 24 hrs[181 °C — suspension.
IT — C3A + CaCO; (L - 1) & hrs[181 °C — paste.
IIT — C3A + CaCO; (1 : 1.01) 168 hrs|25 °C — suspension.

curves shown in IFig. 7 confirm the conclusions reached on the basis of the methods
dealt with above. All the curves show identical endothermal peaks characterizing
decomposition of the carbonate complex (220—240 °C), of C;AH, (330—370 °C),
Ca(OH), (500—530 °C) and decomposition of CaCO; (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 specimens 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 individual sharp-edged crystals of the phase
CsAHg, characteristic by their hexagonal shapes.

CONCLUSION

The study was concerned with the formation of the carbonate complex
C;A . CaCO; .11 H,0 from the equimolar mixture of C;A and CaCO; under hydro-
thermal conditions (100 °C—181 °C) using isothermal periods of 1—5 hours and
specimens of paste consistency.
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Formation of the complex C;A . CaCOs. 11 H,0 is promoted by excess Ca(OH),
in the reaction system.

Creation of C;A .CaCO;.11 H,0 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 becn 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 . CaCO;. 11 H,0 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 wijth stepped-up CaCO3
contents it has been explicitely proved that the carbonate complex cannot be formed

during technological production of high-pressure cured materials made from these
raw materials.
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PODMINKY VZNIKU A STABILITY KARBONATOVEHO KOMPLEXU
(C3A . CaCO; . nH,0) ZA HYDROTERMALNICH PODMINEK

Zdensk Sauman, Oldfich Hoffmann*), Ivan Kocuvan**), Joze Uri¢**)
Katedra technologie vijroby stavebnich hmot, Vysoké uéeni technické, Brno

*) Vyjzkumny stav stavebnich hmot, Brno
**) Salonit, Anhovo, Jugoslavie

Studovén vznik karbonatového komplexu (C3;A . CaCO;. 11 H20) z ekvimolérni smési C;A
a CaCOj; za hydrotermalnich podminek (100—181 °C) p#i délce izotermni prodlevy 1—5 h a pas-
tovité konzistenci vzorku.

Tvorba komplexu C3A . CaCOs . 11 H;0 je podporovana nadbytkem Ca(OH), v reakéni sou-
stave.

Vznik C3A . CaCO;.11 H,0 je znaénépotlacovan piritomnosti B-kiemene. Vznikly komplex
muize byt piisadou kiemene dokonce rozlozen na pavodnislozky. Negativni vliv nebyl pozorovan
1 pti zvy$eném piidavlku SiOz-gelu.

Negativni vliv na tvorbu C3A . CaCOs . 11 H;0 byl prokézén téz za piitomnosti 11 A-tober-
moritu a portlandského cementu.

Na zékladé vy$e uvedeného a provedenych pokusii se smésmi kiremiéitého pisku nebo elektré-
renského popilku a cementu nebo vépna s odstupfiovanym obsahem CaCOj;, jez byly hydro-
terméalné zpracovany, bylo jednoznaéné prokézano, Ze pti technologické vyrobé autoklavovanych
hmot z téchto surovin nemiize dojit ke tvorbé karbonatového komplexu.
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Obr. 1. Rentgenové difrakéni zdznamy ekvimoldrni smési C3A a CaCOsz, 24 h[181°C, I — sus-
penze, II — pasta. Pouité symboly: ¢ — kalcit; B — C3AHg; IX — C3A . CaCO3 . 11H:20;
Q@ — B-kiemen; R — Ca(OH),.

Obr. 2. Rentgenové difrakéni zdznamy pasty ekvimoldrni smést C3A a CaCOj hydratované pit
181 °C s raznou délkou izotermni prodlevy.

Obr. 3. Rentgenové difraként zdznamy pasty ekvimoldrni smésr C3A a CaCO; hydratované s izo-
termnt prodlevou 2 h pit raznych teplotdch.

Obr. 4. Rentgenové difrakéni zdznamy pasty ekvimoldrni smési C3A « CaCOj s piisadou CaO nebo
f-kfemene, hydratované 5 h|181 °C. Pfisada = X . C3A.

Obr. 5. Rentgenové difrakéni zdznamy C;A .CaCO;.11H20 s piisadow f-kfemene po hydro-
termdlnt reakci 5 h/181°C a pasta ekvimoldrni smési C;A « CaCOs s piisadou SiO;-gelu,
hydratovand 5 h|181 °C.

Pfisada = X . (C3A . CaCO;. 11 H;0); = X . (C3A). °

Obr. 6. Infradervend spektra smési C3A + CaCOjz v moldrnim poméru — po hydrotermdalni reakei:
I —C3A + CaCO; (1: 1) 241|181 °C — suspenze,
II — C3A 4+ CaCO3 (1:1) 5 h|181°C — pasta,

IIT — C3A + CaCO; (1 : 1,01) 168 h] 25 °C — suspenze.
Obr. 7. Diferenént termické kiivky smési C3A + CaCOsz v moldrnim poméru — po hydrotermdini

reakces:
I —C3A + CaCO;(1:1) 24 h|181°C — suspenze,
II — C3A + CaCO3 (1:1) 5nh[181°C — pasta,

IIT — C3A + CaCOs (1 : 1,01) 168 1| 25°C — suspenze.
Obr. 8. Stereoelektr onogram smési C3A + CaCO; (1 : 1) — 2 h[181°C.
Obr. 9. Stereoelekti onogram smést C3A + CaCO; (1: 1) — 168 1|25 °C.

VCIOBHA OBPA3BOBAHIA M YCTOMYNBOCTH
ROMIIJEKCA HAPBOHATOB (CsA. CaCOs. nll,0)
BTUOAPOTEPMAJIBHBIX YCIHOBUAX

3nenex Nlayman, Omnpraix Foatann*), Msan KHoumysau**), fome Vpuunu**)
agpedpa mexronozuu u npoussodemea cmpoumenvisvie samepuanos, 5pro

) I](Lyrmo ucc.aedogameavck Wit UHCINIWNYNM CNPOUMEALHUZ stamepuanos, B pro
**) Canorum, Aneoco, Fzocaagus

Hayueno oopasosanite kommickca kapoonaros (C3A . CaCO;. 11 I1,0) 13 ouBumMosipHoi
exeent CsA 1t CaCOs B ruapo r@mannupix yesosisix (100--181 °C), B saBucuMorTit 0T 1po-
JIOIDKITEITLHOCTH IIBOTCPMITUCCKOI BLLlepKkl 1—5 wacoB 1 1acTo0Opasloil KOH3ICTeN U
obpasua.

Ha obpasosaune rommerca CzA. CaCO;. 11 H,O HMeeT nonokirTe:IbHOE BILISIHIIC
130p1ToK Ca(OII), B peaxiuronHoit cucreme. Bosuurnoserite C3A . CaCO; . 11 H20 B sHaun-
TCJLHOI CTENCHIL TI0;(B/IACTCH NPUCYTCTBUCM B-KBApIA. Y 3Ke BOBHUKIUIIT KOMILICKC MOMKIO
JlasKe PABJIOAATE NPIL HOMOIUI JI00aBKII KBapla Ha IICPBOHATAIILHLIE cocTaBiIAone. OTpi-
LaTeNLHOE BIIISIHIIC He HAOMIONAIOCH JaKe NI IOBLINIGHHOM jlodasieHinr SiOz-redist.

HectpyxTiBHoe Bansinue Ha ooOpadosaist C3A . CaCO;. 11 11,0 uposBiiIocs Tarme
y 11 A — roGepmopuTa 1 MOPTIIAHICKOIO IICMEHTA.

Ha ocHOBaHUII BbILIE 3II0EHHOTO If 110 PE3YJILTATAM OCYIIECTBIEHHBIX OMLITOB CO CMCCAMI
KPEMHEBOI'0 TICCKA 1511 30JIbI-YHOCA dMEKTPOCTAHIUIT 11 IeMCHTA 1L II3BECTII ¢ PA3(EJICHHL 1M
1o creneHaM cojepsxanies CaCOs, KOTopwic HOJBEpraIich I'I;IPOTepMalIbHON opbadorke,
Ob10 OJIHOBHA'HO JIOKABAHO, UTO NPil TEXHOJOIIMECKOM IPONBBOMCTBE ABTOKIABHLIX Ma-
TEPHAJIOB 113 HTOI'0 CLIPLsT HC MOKCT OLITL 00pa3oBaH KapOOHATHLII KOMITIERC.

Puc. 1. Perumeerosciue  Ougpparyuonivie  zanucu  areusoasproii caecw CzA w CaCOjs,
cymruf181°C, I — essecv, 1] — nacma; € — rasvyum, B — C3AHs, K — C3A .
. CaCO;. 11 H20, @ — B-reapy, B — Ca(OH),.

Puc. 2. Permeeroscr ue 0u(fp(1m¢uouubz£ ganucu nacmut areusoaaproli caecu CzA w CaCOs,
eudpamuposanioii npu 181° C ¢ pasnoti ceaununoti ugomepsuveckoli evrdepacri.
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. Penmeenoscrue duiparyuonnvie sanucu nacmut sreusoaspuot cyecu CzA uw CaCOj

2udpamuposaniori ¢ usomepMuNeckoli utdepiuckoli 2 vaca nPu PazHLE MEMNePaAMY pacx.

4. Penmeenoccrue dufiparyuoniwie 3anucu nacmut sreustoasproti catec CzA w CaCOs

¢ dodasroti CaO wan B-reapya, eudpamuposarnoii 5 w[181 °C. Jobasra = X . CiA.

. Permeernoscrue dugpparyuennwe zanucu CiA . CaCOsz. 11 H20 ¢ dodasrott B-reapya

nocae eudpomepatunecrkoli pearyuw 3 uf181 °C w nacmuvr sneusoasproii caecu CzA
u CaCOs ¢ doéagroii SiOz-ecast eudpamuposaruwoi 5 uf181 °C.  HJobacka =
= X . (G3A . CaCOs. 11 H:0); = X . (G5A).

. Hubparpacruvie cnexmput caeceit CzA 4- CaCOsz ¢ woaapiion omioweruu — nocae
parp I
eudpomepmuneckoti peawyu; [ — C3A 4 CaCOsz (L: 1) eymnuf/l181 °C — ¢3secy,

11 — C3A + CaCO; (L: 1) 64181 °C — nacma, 1] — C3A + CaCOsz (L : 1,01)
168 u[25 °C — ¢seecvu.

. Hupepenyuanvivie mepauveckue kpusvie caeceit C3A + CaCOj 6 wwaspros omino-

weniee — nocae eudpomepatunecrodi perayuu: [ — GsA + CaCOsz (1 ¢ 1) cymru[181 °C
— eagecv, 11 — C3A + CaCO; (L: 1) d4[181°C — nacma, 111 — C3A + CaCOs
(L:1,01) 168 u[25 °C — ecacecu.

. Cmepeosaermponoepastata catecu C3A + CaCO;z (L0 1) — 2 /181 °C.
. Cmepeosaesmponoepastsa catecu C3A 4 CaCOj (1 - 1) — 168 u[25 °C.
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