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Abstract

The synthesis of calcium monocarboaluminate starting from mixtures comprising gibbsite or boehmite, portlandite and
limestone was carried out at 80 °C with synthesis times of 24 and 48 hours. Products were characterized by powder X-
ray diffraction, thermogravimetric analysis, IR spectroscopy and scanning electron microscopy. Products differed in cal-
cium monocarboaluminate content, unreacted portlandite and limestone contents also varied. The differences in X-ray
diffraction patterns and IR spectra were less pronounced. Scanning electron micrographs showed two different sizes of
calcium monocarboaluminate hexagonal platy crystals. Thermogravimetric curves revealed three or four dehydration
steps of calcium monocarboaluminate indicating different water contents, depending on starting materials combination
and, to a lesser extent, on synthesis conditions. The main effect on the formation of calcium monocarboaluminate from
the above starting materials was a combination of aluminum source and limestone particle size.
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1. Introduction

Calcium monocarboaluminate, more accurately de-
signated as tetra calcium monocarboaluminate 11-hy-
drate, 3Ca0.Al,0,.CaCO,.11H,0 (C,ACH,, in cement
chemistry notation; C = CaO, A = AL,O,, C = CO,, H =
H,O) has been frequently referred to in the scientific ce-
ment-related literature as either monocarbonate (used he-
reafter) or carboaluminate. It represents an AFm-type
hydrated phase that easily forms as a product of a reaction
between various calcium aluminate hydrates and atmosp-
heric CO, and its presence is also a consequence of the ex-
posure of calcium aluminate cements to the air."?

Our interest in monocarbonate stems from our on-
going research on effects of the use of limestone, having
different particle size distributions, as an admixture dur-
ing portland cement hydration and monocarbonate forma-
tion during this process and in monocarbonate presence as
the consequence of an interfacial zone reaction between
hydrating cement paste and calcareous aggregate.’”’
Various aspects and conditions for the formation of mono-
carbonate during the hydration of limestone-containing

portland cement pastes have been extensively documented
through studies conducted particularly over the last 20
years.'o"'6

The assessment and characterization of monocarbo-
nate presence had been generally performed for a number
of decades and usually dealt with research-specific top-
ics 1724

Literature data on syntheses of more or less pure
monocarbonate are rare but there is evidence that synthe-
ses almost invariably started from various calcium- or so-
dium aluminates in the presence of various sources of car-
bonate ions.”® The mechanism of monocarbonate forma-
tion was described as a multi step process: at first there
was a reaction between hydrated calcium cations and alu-
minate anions resulting in the appearance of hydrated cal-
cium hydroxoaluminate exhibiting a disordered layered
structure with a basal spacing of 1.08 nm or more; the
next step was an ion substitution, facilitated by a large in-
terlayer distance, of 20H™ by 1CO,>, and finally a reorder-
ing of a layer structure accompanied by the basal spacing
shrinkage to a final characteristic value of 0.76 nm was
accomplished.26 The author, however, did not offer any
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experimental evidence to support his proposed mecha-
nism. Monocarbonate presence was most frequently con-
firmed by X-ray diffraction’’*! and infrared spectroscopy
(IR).32—36

The crystal structure of C,ACH,, was determined
from a single crystal originating from an old concrete
block®” and also from a synthetic single crystal prepared
hydrothermally under high pressure.*®* The lamellar
structure contained only one type of structural element,
[Ca,Al(OH),]*, as the main layer, and [/2CO,-2.5H,0] as
the interlayer element. The interlayer space was occupied
by carbonate anions and three out of five randomly distrib-
uted water molecules.

The purpose of our research was the synthesis of
monocarbonate by using different alumina- and limestone
sources, its characterization and the assessment of its ther-
mal behavior. Thermal dehydration of monocarbonate-
containing products was evaluated by thermogravimetric
analysis that has been an established and reliable method
for diverse applications in studies of hydrated cements
and related compounds.**** We wanted to evaluate and
ascertain any existing interrelation(s) between alumina
source and calcite particle size distribution with regard to
monocarbonate formation.

2. Experimental

Boehmite, AIO(OH), Pural SB-1 (Sasol Germany
GmbH); gibbsite, AI(OH), (Merck KGaA); portlandite,
Ca(OH), (Sigma-Aldrich) and two natural, ground lime-
stones, Magnesia 448 (Magnesia GmbH, Germany), cal-
cite 4.2 hereafter and Calplex Extra (Calcit d.o.o., Slove-
nia); calcite 0.8 hereafter, were used as starting materials.
Their characteristics are given in Table 1.

Table 1. Physico-chemical properties of the starting materials.

Material Purity Surface area D, (Lm)
BET-N, (m?%/g)

Boehmite 77.9% Al O, 290 -

Gibbsite 64.6% Al,O, 0.33 -

Portlandite 95+% Ca(OH), - -

Magnesia 448 99.6% CaCO, 2.1 4.2

Calplex Extra  98.1% CaCO, 9.7 0.83

2. 1. The Synthesis

Mixtures with molar ratios corresponding to theoret-
ical values were prepared and homogenized. Powders we-
re transferred into polyethylene vials and prewarmed to
the specific synthesis temperature. Deionized water with
the same temperature was then added (w/s ratio of 1). Pa-
stes were additionally sonicated with VibraCell ultrasonic
probe (Sonics & Materials Inc., Danbury, U.S.A.) for 30
seconds, flushed with pure nitrogen so as to minimize the

effect of atmospheric CO, and vials were capped airtight.
Preliminary runs were performed at 70, 80 and 90 °C for
24- and 48 hours. Products from 70-degree runs had large
contents of unreacted portlandite and limestone, whereas
products obtained at 90 °C contained significant quanti-
ties of hydrogarnet, C;AH,. The synthesis temperature of
80 °C was therefore chosen as an acceptable choice and
only the products obtained at this temperature were used.
After the completion of syntheses products were filtered
and residual water removed by using isopropanol and
diethyl ether. Products were dried overnight at 35 °C in a
forced-air oven and kept in a desiccator.

2. 2. Instrumental Characterization

Powder X-ray diffraction was carried out with a
high-resolution PANalytical X’PERT PRO instrument
with Cu Ko radiation. Measurement range was from 10
to 50 20 with 0.034 steps integrated at the rate of 100 s
per step when using standard rotating sample holder step.

Thermal analyses were run on a SDT 2960 Simulta-
neous DSC-TGA instrument (TA Instruments—Waters
LLC, USA) at 10 /min from 25 to 915 °C in 100 mL/min
N, flow. Prior to the analysis each sample was held iso-
thermally at 25 °C for 30 minutes in the flow of N, in the
instrument. All results were determined from DTG curves
with integration limits determined by the inspection of the
second derivative pattern of each DTG curve. Results
were recalculated with regard to the ignited mass at
915 °C for each sample investigated. This procedure faci-
litates comparisons among samples with similar composi-
tions but having different mass losses at the end of a run.

Infrared spectra were recorded on a Perkin-Elmer
2000 FTIR spectrometer using KBr pellet technique in ab-
sorbance mode from 400 to 4000 cm™" with a resolution of
2cm™

Morphology of products was examined by using a
Carl Zeiss Supra 35VP scanning electron microscope
(SEM). Observations were performed in BSE mode on
uncoated samples.

3. Results
3. 1. Powder X-ray Diffraction

The presence of monocarbonate in products was as-
sessed by the search-match comparison of experimental X-
ray diffraction pattern to ICDD PDF 2 Ref. Code 01-087-
0493 data by using X Pert High Score Plus software. The-
re were 42 reflections found (I/I, = 1). Reflections of
hydrogarnet (katoite), C;AH (ICDD PDF 2 Ref. Code 01-
072-1109), were present in all but two products, and traces
of calcite, CC (ICDD PDF 2 Ref Code 01-085-1108),
were present in some samples. No other phases were iden-
tified in products. Figure 1 shows the X-ray diffraction
pattern of a synthetic monocarbonate. The intensity scale
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has been limited to show enhanced details of the scan.
Two of the most intense reflections of monocarbonate I,
(11.669 26, d =0.7577 nm) and L, (23.481 26, d = 0.3786
nm) with 20,662 and 11,906 counts, respectively, are for
this particular sample thus off scale.

3000
2500
2000 ‘

1500

Counts

2 Theta (degrees)

Figure 1. Powder X-ray diffraction pattern of a synthetic boehmi-
te+calcite 4.2-based monocarbonate (48 h). All reflections from
monocarbonate, except K: katoite (C;AH,) and C: calcite.

Semi quantitative monocarbonate and hydrogarnet
contents in products (Table 2) were calculated by X Pert
High Score Plus software on the basis of Reference Inten-
sity Ratios (RIR) given in the corresponding ICDD PDF 2
data cards.

The values in Table 2 should be regarded primarily
as indicators of monocarbonate contents that are a conse-
quence of using different combination of starting mate-
rials and synthesis times at 80 °C. When finer limestone
was used, calcite 0.8, the alumina source shows greater
influence on monocarbonate formation that the synthesis
time does. The opposite clearly holds for the syntheses
where coarser limestone, calcite 4.2, was used.

data for a single crystal, formed in a 2-year old concrete

block, are listed.”’

Table 3. Calculated cell parameters of a synthetic monocarbonate.

Parameter This work” (Ref.37)

a_ (nm) 0.57790.0005 0.57810.0001

b, (nm) 0.57390.0006 0.57440.0001

c, (nm) 0.78440.0005 0.78550.0001
o() 92.630.03 92.610.02
BO 101.960.02 101.960.02
YO 120.070.02 120.090.02

V (nm®) 0.21740.0001 0.2173 = (not given)

* Uncertainties are given as 95% confidence interval.

3. 2. Thermal Analysis

Thermogravimetric curves of monocarbonate pre-
pared by using gibbsite as an alumina source exhibit seve-
ral mass losses from 120 to 915 °C. A characteristic
TG-DTG curve is shown in Figure 2.
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Figure 2. TG-DTG curve of a gibbsite+calcite 4.2-based monocar-
bonate. MC1-MCS5: monocarbonate; K: katoite; P: portlandite; C:
calcite.

Table 2. Semi quantitative compositions of synthetic monocarbonate products.

Content (%) Synthesis conditions
Monocarbonate Hydrogarnet Alumina source Calcite source Synthesis time (hours)
100 0 AIOOH Calcite 0.8 48
100 0 AIOOH Calcite 0.8 24
98 2 Al(OH), Calcite 0.8 48
96 4 Al(OH), Calcite 0.8 24
95 5 AIOOH Calcite 4.2 48
95 5 Al(OH), Calcite 4.2 48
93 7 AIOOH Calcite 4.2 24
92 8 Al(OH), Calcite 4.2 24

Cell parameters were determined by the use of Unit-
Cell program™®; hkl indices were taken from published da-
ta.’” Table 3 shows crystallographic data for a synthetic
monocarbonate; for the comparison also crystallographic

The first four mass loses from 120 to 285 °C, repre-
sented by two doublets, show dehydration steps of a mono-
carbonate (MC1-MC4 in Fig. 2). The next mass loss (K in
Fig. 2) at about 335 °C represents the first step of the dehy-
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dration of hydrogarnet. Thermal decomposition of portlan-
dite at about 430 °C (P in Fig. 2) follows next. The second
dehydration step of hydrogarnet takes place at about 515
°C (K in Fig. 2).%® The next mass loss at about 670 °C indi-
cates the thermal decomposition of limestone (C in Fig. 2)
and the final mass loss near 865 °C (MCS5 in Fig. 2) repre-
sents the decarboxylation of a monocarbonate.*’

A characteristic thermogravimetric curve of a mo-
nocarbonate prepared from boehmite as an alumina
source is shown in Fig. 3; it differs from the gibbsite-ba-
sed one in several features: it shows only the first doublet
of monocarbonate dehydration (MC1 and MC2 in Fig. 3);
the second doublet has merged into one broad asymmetric
peak (MC3 in Fig. 3). The two steps of hydrogarnet dehy-
dration are missing. The dehydration of portlandite (P in
Fig. 3) exhibits a two-step process. The decomposition of
unreacted limestone (C in Fig.3) and the decarboxylation
of monocarbonate (MC4 in Fig. 3) are also evident.
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Figure 3. TG-DTG curve of a boehmite+calcite 4.2-based mono-
carbonate. MC1-MC4, monocarbonate; P, portlandite; C, calcite.

3. 2. 1. Gibbsite-based Monocarbonate

Gibbsite-based products showed only minor in-
fluence of calcite source and synthesis time on either tem-
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Figure 4. The influence of calcite source on the shape of DTG cur-
ves (24-h synthesis).

[—241]

Mass Loss Rate (%/min)

T T T T T
50 100 150 200 250 300

Temperature (°C)

Figure 5. The influence of synthesis time on the shape of DTG cur-
ves (Calcite 4.2 used).

peratures of DTG maxima or shapes of DTG curves as
shown in Figures 4 and 5.

Characteristic dehydration temperatures of DTG
maxima of gibbsite-based monocarbonates are as follows:
120£1 °C (MC1), 151£1 °C (MC2), 241+1 °C (MC3) and
262+1 °C (MC4).

Experimental mass losses of individual dehydration
steps were calculated as moles of water. The results are
shown in Table 4.

Water contents of MC1 and MC2 show a small de-
creasing trend with longer synthesis time regardless of the
calcite fraction used whereas water contents of MC3 show
the opposite trend. Water contents of MC4 show an unex-
pected behavior seemingly depending on the calcite frac-
tion used.

Monocarbonate samples were isothermally heated at
110, 120 and 130 °C (approx. £10 °C of MC1 temperatu-
re) for 2 hours in order to establish the thermal stability of
four dehydration steps. The results are shown in Figure 6.
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Figure 6. Dehydration behavior of gibbsite-based monocarbonate
after heating at indicated temperatures.
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Table 4. Water content of individual dehydration steps of gibbsite-based monocarbonates.

Water content (moles)

Synthesis conditions

MC1 MC2 MC3 MC4 Limestone Synthesis time
source (hours)

1.80 2.27 1.40 1.84 Calcite 0.8 24

1.78 2.18 1.57 1.87 Calcite 0.8 48

1.80 2.19 1.50 1.94 Calcite 4.2 24

1.73 1.99 1.60 1.90 Calcite 4.2 48

The area under MC1 and MC2 peaks significantly
decreased after heating at 110 °C, decreased even more
after heating at 120 °C and became a shoulder on the low-
er-temperature side of MC3 and MC4 doublet after heat-
ing at 130 °C. Powder X-ray diffraction of heated samples
showed markedly decreased intensities of monocarbonate
reflections, however, no distinct changes in cell parame-
ters were observed.

The contents of unreacted portlandite and limestone
in products were low, on the average 2.5% for the former
and 3.6% for the latter.

Apparent activation energies of four dehydration
steps were determined from DTG curves by Kissinger
method.*® This method uses the correlation between peak
temperature, Tp (K), and heating rate, B (/min), for several
different heating rates in the form: d(In /T zp)/d(I/T p) =
—E/R. From the slope of a linear plot of log (/T zp) vs T!
p, based on experimental DTG data, an apparent activa-
tion energy can be calculated by the equation, E, = Slope
x R x 2.303, where E_ is the apparent activation energy
(kJ/mole) and R is the gas constant (8.314 J mol™! K™).
Samples (5—-6 mg) were heated at 1.5, 3, 6 and 12 /min; all
plots were linear with correlation coefficients, r = 0.9960.
Standard deviations of fits as well as standard errors of re-
gression coefficients were low and all regressions were
highly significant with p < 0.01. Calculated activation
energies (rounded to the nearest whole number) for dehy-
dration steps are listed in Table 5.

Table 5. Apparent activation energies for dehydration steps of
gibbsite-based monocarbonates.

Dehydration step E, (kJ/mole) + (kJ/mole)
MCl1 85 1
MC2 105 7
MC3 454 24
MC4 184 9

3. 2. 2. Boehmite-based Monocarbonate

Boehmite-based products also exhibited only minor
influence of calcite source and synthesis time on both
temperatures of DTG maxima and shapes of DTG curves.
The effects are shown in Figures 7 and 8.

Characteristic dehydration temperatures of DTG
maxima of boehmite-based monocarbonates are as fol-
lows: 1211 °C (MC1), 155+1 °C (MC2) and 261x1 °C

[—— Calcite 4.2
|-~ Calcite 0.8

Mass Loss Rate (%/min)

T T
50 100 150 200 250 300
Temperature (°C)

Figure 7: The influence of calcite source on the shape of DTG cur-
ves of boehmite-based monocarbonates (24-h synthesis).
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Figure 8. The influence of synthesis time on the shape of DTG cur-
ves of boehmite-based monocarbonates (Calcite 4.2 used).

(MC3). The decomposition of portlandite for boehm-
ite-based monocarbonates was invariably a two-step
process with maxima at 395x1 and 422+2 °C. The first
step most likely represents an effect of the dehydration
of C,AH, that transformed into C,,A H and CH.* The
DTG peak area of this step increased considerably
when calcite 4.2 was used when compared with a cor-
responding area in products where calcite 0.8 was
used. The DTG peak area of the second dehydration
step, indicating the dehydroxylation of unreacted port-
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landite, showed no dependency on the limestone frac-
tion used.

Experimental mass losses from the dehydration of
monocarbonate (MC1-MC3) were calculated as moles of
water released and they are shown in Table 6

Table 6. Water content of individual dehydration steps of boeh-
mite-based monocarbonates.

Water content (moles) Synthesis conditions

MC1 MC2 MC3 Limestone  Synthesis time
source (hours)

1.75 2.98 2.98 Calcite 0.8 24

1.79 3.00 2.95 Calcite 0.8 48

1.78 3.07 3.11 Calcite 4.2 24

1.76 2.93 3.16 Calcite 4.2 48

The water content of individual steps of boehmite-
based monocarbonates is rather insensitive to either lime-
stone source used or synthesis time. There is only a notice-
able increase in water content in MC3 step when coarser
fraction of limestone, calcite 4.2, was used.

Products of boehmite-based monocarbonates
showed after heating at 110, 120 and 130 °C the behavior
similar to gibbsite-based products mentioned above.

The contents of unreacted portlandite and limestone
within these products were also low. The average contents

Table 7. Apparent activation energies for dehydration steps of
boehmite-based monocarbonates.

Dehydration step Ea (kJ/mole) + (kJ/mole)
MCl1 85 9
MC2 103 8
MC3 324 20

of remaining portlandite and limestone were 1.8% and
2.2%, respectively.

Apparent activation energies for boehmite-based
monocarbonates were also determined and results are list-
ed in Table 7.

3. 3. IR Spectroscopy

The infrared spectrum of monocarbonate-containing
product is shown in Figure 9. The spectrum shows only
bands that can be attributed to the presence of monocarbo-
nate3 3, hydrogarnet“, portlandite“, and calcite.”® !
Low-wavenumber bands (400-950 cm™) are indicative of
Al-O groups originating from mainly isolated AlO, octa-
hedra; bands in the range from 1000 to 1700 cm™ repre-
sent CO32’ and H,O vibrations, while the bands from 3000
to 3700 cm™' show the presence of free and/or variously
bonded OH™ groups.
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Figure 9. IR spectrum of a synthetic boehmite+calcite 4.2)-based
monocarbonate* : monocarbonate CO,* band splitting

Figure 9 also shows a , CO32' band splitting into two
bands that are a confirmatory evidence for the presence of
monocarbonate.

The effects of different synthesis times and lime-
stone sources used were not very distinct. There were
only variations in absorbance values, mostly in mono-
carbonate-related CO32" bands, that could be a conse-
quence of different crystallinities of the products. Tab-
le 8 shows main IR band positions and their assign-
ments.

Table 8. IR wavebands positions and their assignments for the spectrum shown in Figure 9.

Band (cm™) Assignment? Band (cm™) Assignment®
424 AlO 405 AlO; C,AH
539 AlOg 713 CO,™; CaCO,
668 AlO 809 AlO; C,AH
954 AlO 874 CO,™; CaCO,
1067 CO,™ 1643 H,0

1365 CO,> 3644 OH™; Ca(OH),
1417 CO,> 3668 OH, isolated
1645/1636 (sh) H,0

3363 H,0

3543 H,0

3624 OH, associated

3676 OH, free

M Assigned to monocarbonate

@ Assigned to other constituents
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3.4. SEM

Figures 10 and 13 show SEM pictures of synthetic
monocarbonates.

Monocarbonate crystals with hexagonal-like mor-
phology were larger for gibbsite-based products irrespec-
tive of a limestone fraction used.

Figure 10. SEM picture of a boehmite-based monocarbonate (24 h;
with calcite 4.2).

Figure 12. SEM picture of a gibbsite-based monocarbonate (24 h;
calcite 4.2).

4. Conclusion

The synthesis of monocarbonate was carried out from
gibbsite, boehmite, portlandite and limestone at 80 °C with
the synthesis times of 24 and 48 hours. Powder X-ray dif-
fraction showed that monocarbonate, C,ACH,,, was the
main reaction product along with a few reflections of lime-
stone in certain products. Hydrogarnet, C,AH,, was also
present in gibbsite-based monocarbonates. Crystallographic
cell parameters were determined and they closely matched
published data for a single crystal of monocarbonate that
formed naturally over years within a concrete block.

The dehydration of gibbsite-based C4A(_?H1I in the
temperature range from 120 to 262 °C is a four-step pro-

cess comprising two doublets. The water contents from
the first dehydration doublet, MC1-MC2, decrease with
longer synthesis time, whereas the opposite trend is evi-
dent for MC3 dehydration step. Only water contents of
MC4 step show a dependency on the limestone fraction
used; this unexpected behavior is currently being investi-
gated.

Figure 11. Detail of SEM picture of a boehmite-based monocarbo-
nate from Fig. 7.

Figure 13. Detail of SEM picture of a gibbsite-based monocarbo-
nate from Fig. 9.

The dehydration of boehmite-based C4A(:/H]1 is, in
contrast to the above, only a three-step process compris-
ing one doublet and one asymmetric peak. The influence
of either limestone source or synthesis time on shapes of
DTG curves and on their temperature maxima is insignifi-
cant. An increase in water contents of MC3 step is evident
only when coarser fraction of limestone, calcite 4.2, is
used.

Water from first dehydration doublet is weakly
bound in gibbsite- and boehmite-based monocarbonates: a
2-hour heating at 110, 120 and 130 °C considerably de-
creases also the area of the second DTG peak at 153+2 °C.
The activation energies for MC1 and MC2 dehydration
steps are equal for gibbsite- and boehmite-based mono-
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carbonates, 85 and 104 kJ/mole, respectively. Water con-
tent of the MC3 dehydration step exhibits higher activa-
tion energy for gibbsite-based monocarbonate (454 k-
J/mole) than for boehmite-based one (324 kJ/mole).

Two-step dehydration of portlandite in all boehmite-
based monocarbonates indicates in its first step the pres-
ence of finely dispersed microcrystalline portlandite that
could only have formed topotactically through the decom-
position-disproportionate reaction of C;AH, at about 335
°C. The DTG temperature maxima of this form of portlan-
dite appear at 395+1 °C. The areas under these DTG
peaks increased significantly for 48-hour syntheses when
coarser fraction of limestone, calcite 4.2, was used.

Contents of unreacted portlandite and limestone are
lower in boehmite-based products than in gibbsite-based
ones. Any individual content, determined by the thermo-
gravimetric analysis, is between 1.8 and 3.5% and these
materials must be of micron-size and finely dispersed with-
in the product or even semicrystalline because X-ray dif-
fraction did not always detect them. Thermogravimetric
analysis and IR spectroscopy, however, clearly showed
their presence.

The morphology of monocarbonates was that of a
hexagonal-like platy crystals the dimension of which was
distinctly larger for gibbsite-based products.

The formation of monocarbonate at 80 °C is condi-
tioned by a combination of alumina- and calcite sources
used. There is some indication that limestone particle size
influences the water content of monocarbonate but addi-
tional work is currently being carried out in order to con-
firm this so far inconclusive evidence. An open question
remains a high value of activation energy for the third step
of monocarbonate dehydration.

Direct comparison between the synthetic monocar-
bonate and the one formed in hydrated cement-limestone
system is, unfortunately, not possible, due to a small con-
tent of monocarbonate within the cement matrix. We have
so far only established the evidence of a relation between
fineness of limestone and the appearance of the high-tem-
perature decarboxylation effect of monocarbonate in
hydrated cement-limestone system.
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Kalcijev monokarboaluminat smo sintetizirali iz zmesi bemita ali gibsita ter apnenca in kalcijevega hidroksida pri 80 C
v Casu 24 ur. Produkte smo okarakterizirali s praskovno rentgensko difrakcijo, termogravimetri¢no analizo, infrardeo
spektroskopijo in vrsti¢no elektronsko mikroskopijo. Produkti so se razlikovali po vsebnostih kalcijevega monokarboa-
luminata ter nezreagiranega apnenca ter kalcijevega hidroksida. Rentgensko difrakcijski posnetki ter infrardeci spektri
sinteti¢nih kalcijevih monokarboaluminatov niso pokazali velikih razlik med razli¢nimi produkti. Dimenzije heksago-
nalnih ploscatih kristalov kalcijevega monokarboaluminata so bile vecje pri produktih, sintetiziranih iz gibsita. Dehidra-
tacija kalcijevega monokarboaluminata je potekala v treh- ali §tirih stopnjah v odvisnosti od kombinacije izhodnih suro-
vin. Vpliv sinteznih pogojev na nacin dehidratacije je bil manj izrazit. Glavni vpliv na nastanek kalcijevega monokar-
boaluminata je imela kombinacija aluminijeve komponente ter dimenzije delcev apnenca.
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