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The influence of gypsum additive on the gyrolite formation process and a sequence of intermediary
compounds formation in the CaO-SiO,-nH,0-H,0 system was examined and explained. The synthesis has
been carried out in unstirred suspensions. The molar ratios of primary mixtures were CaO/SiO, = 0.66. The
amount of sulphate ions to be added to a raw mixture was 1-10%. The duration of isothermal curing at 200 °C
was 4, 8, 16 and 72 h.

It was determined that the quantity of sulphur which penetrates into the crystalline structure of gyrolite
depends not only on the synthesis conditions but also on the composition of initial mixture. A larger amount
of sulphate ions stimulate the formation not only of gyrolite, but also of CaSO4. Gypsum additive has no
influence on the re-crystallization temperature of C-S-H(I), Z-phase and gyrolite into wollastonite. The
composition of initial mixtures is recommended to calculate according to molar ratios. In other cases, upon
increasing the amount of sulphate ions, the basicity of the mixture decreases and gyrolite forms more
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1. Introduction

Calcium silicate hydrates can be produced either by air curing, e.g.
like in cement or concrete, or hydrothermally by high pressure steam
curing in an autoclave. The production processes for fibre cement,
calcium silicate boards and autoclaved aerated concrete cover the
whole range of calcium silicate hydrates from poorly crystallized and
semi crystallized to well crystallized. The type of curing, and
consequently the type of calcium silicate hydrate produced, have a
significant effect on the properties of the building material [1-11].

The reaction pathway of calcium silicate hydrates is governed by
various parameters such as temperature, stirring, the presence of
foreign ions and their concentrations, which influence the kinetics of
the reaction and even the microstructure of the products. The
effectiveness of each additive depends on the properties of raw
materials, the parameters of the hydrothermal synthesis and other
factors. Published articles describe the influence of alkaline metals
[12-18], aluminium [19-28] and of other elements [29-36] on the
synthesis and properties of calcium silicate hydrates.

There are many external sources of sulphate, including industrial
waste waters and solid waste exposed to ground or surface water. It
can also be found naturally in the clinker itself. These levels of
sulphate are not usually high enough to cause any expansion. Less
often, sulfate can be found in the aggregate in the form of gypsum or
pyrite, in mixing water, and in admixtures such as fly ash [37].

* Corresponding author. Tel.: +370 37 300150; fax: +370 37 300152.
E-mail address: kestutis.baltakys@ktu.lt (K. Baltakys).

0008-8846/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.cemconres.2009.11.004

Moreover, large quantities of the by-product, gypsum, are produced
by chemical industries and are currently being disposed of by
dumping into rivers, ponds or landfills. Due to increasing concerns
about environmental pollution, it is essential to utilize these wastes as
building material. For these reasons, the study of the influence of
gypsum additives on the synthesis of calcium silicate hydrates is very
important and actual [38-49].

S. A. Krzheminskij et al. [39,40] indicated that at 175 °C when the
molar ratio of the primary mixture is Ca0/SiO,=0.5-1.0, small
amounts (1-5%) of sulphate ions stimulate the reaction of CaO with
C-S-H(I). As the final products of such synthesis, 1.13 nm tobermorite
and xonotlite are formed.

K. K. Kuatbaev [44] has proven that small amounts of gypsum
additive also have a positive effect on the crystallization of calcium
silicate hydrates. Meanwhile, in mixtures with a higher content
(15-35%) of this additive, together with calcium silicate hydrates
ellastadite is also formed. K. K. Kuatbaev has shown that gypsum
additive has no influence on the solubility of quartz, but he stated
that gypsum is more soluble than quartz and the solution contains a
significant excess of anions. For this reason, SiO4~ is isomorphically
replaced by SO3~, and SOs-substituted calcium silicate hydrates,
more soluble than pure compounds, are formed.

S.1. Grabko [45] has determined that in mixtures with a molar ratio
Ca0/Si0, = 0.8, gypsum additive primarily significantly stimulates the
formation of ellastadite. The author indicates that calcium silicate
hydrates start forming when all the volume of CaSO,4 has reacted. In
this case, in the products a-C,S hydrate prevails and during synthesis
gradually recrystallizes into SOs-substituted C-S-H(I) while in the
pure system only C-S-H(I) is formed. S. I. Grabko has determined that
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even 7% of sulphate ions can enter into the crystal structure of these
compounds. However, using a larger quantity of this additive, C-S-H
(I) is metastable and regroups into 1.13 nm tobermorite.

R. Vektaris et al. [46,47] have also determined that sulphate ions
stimulate formation of calcium silicate hydrates. Upon increasing the
amount of gypsum in the CaO-quartz-H,O mixture, it was noticed
that the solubility of Ca(OH), decreased and at the same time the
crystallization of calcium silicate hydrates occurred faster. This
process proceeds more intensively in mixtures with a molar ratio
Ca0/Si0, =0.8 than in mixtures with a molar ratio CaO/SiO, =1.0.
Moreover, in the CaO-amorphous-SiO,-H,0 system, 5-10% of
gypsum additive strongly effects the crystallization of C-S-H(I) into
1.13 nm tobermorite.

P. P. Budnikov, L. A. Krojchuk and B. H. Vinogradov [41,48,49]
indicated that in lime-quartz-water mixtures under hydrothermal
conditions at 175 °C sulphate ions have no influence on the solubility
of lime, but affects the mineral composition of the final products: at
the beginning of the synthesis dominate C-S-H(II) and o-C,S hydrate
which prolonging the duration of synthesis transform into C-S-H(I),
1.13 nm tobermorite and xonotlite.

On the other hand, I. A.Veretinskaja, M. Sakiyama and T. Mitsuda
[42,43] supposed that a small amount (2.5%) of gypsum additive
reduces the formation rate of calcium silicate hydrates in the CaO-
Si0,-H,0 system. It was determined that this rate decreases in
mixtures with a molar ratio Ca0/SiO,=1.0 and water/solid = 3.
Meanwhile, larger quantities of gypsum additive have no influence on
the sequence of compounds formation. Besides, it was estimated that
only 1.5% of sulphate ions can enter into the calcium silicate hydrate
crystal structure. P. P. Budnikov, L. A. Krojchuk and B. H. Vinogradov
[41,49] have also found out that sulphate ions have a negative
influence on the formation of calcium silicate hydrate in lime-quartz
mixtures with a molar ratio Ca0/SiO,=0.8, water/solid =20 at
175°C.

It has been commonly known that the formation of gyrolite
proceeds via disordered intermediate phases. In gyrolite synthesis,
the initial C-S-H gel transforms to Z-phase and then finally
recrystallizes to gyrolite. The influence of alkaline metals, alumin-
ium and other elements on C-S-H(I) transformation into gyrolite
has been explored by only a few authors [29,50-54]. Meanwhile, no
data have been published and it is completely unknown whether the
sulphate ions can alter the formation and crystal structure of gyrolite
or Z-phase.

The main objective of the present work was to examine the
influence of sulphate ions on the gyrolite formation process in the
Ca0-Si0;-nH,0-H,0 mixture as well as to analyze and explain the
sequence of intermediary compound formation.

2. Materials and methods

In this work, the following reagents were used as starting
materials: fine-grained SiO,-nH,0 (losses on ignition 21.43%, specific
surface area S;=1560 m2/kg); calcium oxide (S,=548 m2/kg);
CaS0, - 2H,0 (losses on ignition 23.05%).

The amount of the additive to be added to a raw mixture was
calculated by two methods. The first method is based on the
assumption, that the equivalent amount of Si** is isomorphically
replaced by S®*. Therefore, the composition of initial mixtures was
calculated according to the molar ratios: CaO/(SiO, + SO3) = 0.66 and
S03/(Si0; + SO3) =0; 0.0125; 0.025; 0.05; 0.1 and 0.125. The second
method was built on the assumption that the Si** is only partly
replaced by S°*, and the other part of the latter ions enter into the
interlayers of the products. In this case, by increasing the amount of
sulphate ions from 2 to 10%, the molar CaO/SiO, ratio decreases from
0.66 to 0.58.

Dry primary mixtures were mixed with water to reach the water/
solid ratio of the suspension equal to 10.0. Hydrothermal synthesis

was carried out under the saturated steam pressure at a temperature
of 200 °C; the duration of isothermal curing was 4, 8, 16 and 72 h. The
products of the synthesis were filtered, rinsed with ethyl alcohol to
prevent carbonization, dried at a temperature of 50 °C 4+ 5, and sieved
through a sieve with a mesh size of 80 pm.

The X-ray powder diffraction (XRD) data were collected with a
DRON-6 X-ray diffractometer with the Bragg-Brentano geometry
using Ni-filtered Cu K, radiation and graphite monochromator
operating with the voltage of 30 kV and emission current of 20 mA.
The step-scan covered the angular range 2-60° (260) in steps of
20=0.02°. To describe the diffractional background under the 3rd
degree Tchebyshev polynom, we have used fundamental parameters
peak profiling (a computer program X-fit) [55].

Differential scanning calorimetry (DSC) was employed for mea-
suring phase transformation of the synthesized products at a heating
rate of 15 °C/min, the temperature ranged from 30 °C to 1000 °C
under air atmosphere. The test was carried out on a STA 409 PC Luxx
Netzsch instrument. The ceramic sample handlers and crucibles of
Pt-Rh were used.

FT-IR spectra were carried out with the help of a Perkin Elmer FT-IR
Spectrum X system. The specimens were prepared by mixing 1 mg
of the sample with 200 mg of KBr. The spectral analysis was
performed in the range of 4000-400 cm~ ! with the spectral reso-
lution of 1 cm™ .

Scanning electron microscopy (SEM) (Oxford ISIS Leo 440 i)
coupled with energy dispersive X-ray spectrometer (EDS) was
performed using an accelerating voltage of 20 kV and a working
distance of 10 mm for SEM observation and a 200 s accumulation time
for EDS analysis.

The specific surface area of the raw materials was determined by
Blaine's method with an air permeability apparatus (Model 7201, Toni
Technik Baustoffprufsysteme GmbH).

3. Results and discussion

It was determined that in unstirred CaO-SiO, nH,0-H,0 suspen-
sion at the beginning of the reaction gypsum additive affects the
sequence of calcium silicate hydrates formation. In pure mixture after
4 h of isothermal curing, only the traces of Z-phase (Fig. 1, curves 1,
d-spacing—1.554; 0.823; 0.418; 0.305; 0.279 and 0.183 nm) together
with C-S-H(I) were formed (Fig. 1, curve 1, d-spacing—0.306; 0.279
and 0.184 nm). Meanwhile, a small amount of sulphate ions (the
molar ratio SO3/(Si0,+ SO3) =0.0125), stimulates the formation of
Z-phase because as soon as within 4 h in XRD curve a very intensive
diffraction peak with d-spacing—1.553 nm was identified (Fig. 1,
curve 2). This fact indicates that sulphate ions accelerate the
formation of intermediary compound in the gyrolite synthesis. It
should be underlined that C-S-H(I) and Z-phase are unstable
because within 8 h of isothermal curing in the products the
rudiments of gyrolite gel (d-spacing—2.356; 1.103; 0.840; 0.420;
0.306; 0.281 and 0.183 nm) were already identified (Fig. 1, curve 3).
These results correspond to the reference data [53,54] and show that
while synthesizing gyrolite, the Z-phase serves as an intermediary
compound. Moreover, within 16 and 72 h of hydrothermal treatment,
the same compounds as in the synthesis without using gypsum additive -
Z-phase, gyrolite gel and gyrolite - are formed (Fig. 1, curves 4-6).

Thus, a small amount of sulphate ions in the initial mixture
stimulates Z-phase formation and enters into the crystal structure of
gyrolite.

A larger amount of sulphate ions (the molar ratio SO3/(SiO;+
S03) =0.025), accelerates the formation of Z-phase together with
C-S-H(I) because after 4h of synthesis in XRD curve a very
intensive diffraction peak with d-spacing—1.553 nm was identified
(Fig. 2, curve 1). Moreover, in the products, together with the
mentioned compounds, CaSO, (d-spacing—0.350; 0.285 nm) was
noted. This fact confirmed that calcium sulphate has a very low



378 K. Baltakys, R. Siauciunas / Cement and Concrete Research 40 (2010) 376-383

Intensity, a.u.

2 7 12 17 22 27 32 37 42 47 52 57
26, degree

Fig. 1. X-ray diffraction patterns of synthesis products when the composition of the
primary mixture given in molar ratios is equal to CaO/(SiO,+S03)=0.66 and SO/
(Si02 4+ S03) =0 and 0.0125. Duration of hydrothermal synthesis at 200 °C: 1-4 h, pure
mixture; 2-4 h, with gypsum additive; 3-8 h, with gypsum additive; 4-16 h, with
gypsum additive; 5-72 h, with gypsum additive; 6-72 h, pure mixture. Indexes: C—C-
S-H(I), Z—Z-phase, Gg—gyrolite gel, G—gyrolite.

solubility (at 20 °C the solubility is 0.2 g/100 g H,0) which decreases
with increasing the temperature. In this case, the initial mixture
contained 44% of excess of sulphur according to CaSO, solubility. The
results of EDS analysis indicates the fact that sulphur incorporates into
structure of calcium silicate hydrates. In our experimental conditions
after 4 h of isothermal curing EDS data show that ~0.26 wt.% of S (31% of
the initial amount of sulphur) enters into the structure of crystal
compounds (Fig. 3b). Thus, 13% CaSO,4 remained insoluble which is
visible in XRD curve (Fig. 2, curve 1). However, the data of SEM
analysis presented only aggregates of plate shape crystals charac-
teristic to Z-phase (Fig. 3a).

During the synthesis by using a second method of calculating the
quantity of gypsum additive and upon adding 2% of SO ions of the
dry substance mass (which corresponds to the same amount as that
of SO5/(Si0, + S0O3) = 0.025) to the mixture, unexpected results were
obtained: the XRD curve showed that the intensity of the Z-phase
peak was 3-4 times lower compared to the data obtained when the
mixture was prepared according to the molar ratios (Fig. 2, curve 2).
Interestingly, all additive was incorporated into the crystal structure
of these compounds as in the mixtures, calculating according to
molar ratios, the rudiments of CaSO, have been already formed
(Fig. 2, curve 1).

Intensity, a.u.

2 7 1217 22 27 32 37 42 47 52 57
20, degree

Fig. 2. X-ray diffraction patterns of synthesis products when the composition of the
primary mixture given in molar ratios is equal to CaO/(SiO,+S03)=0.66 and SOs/
(Si02 4+ S03) =0.025 (curves 1, 3, 5, 6) and upon adding 2% of SO ions of dry substance
mass (curves 2, 4). Duration of hydrothermal synthesis at 200 °C: 1,2-4 h, 3, 4-8 h, 5-
16 h, 6-72 h. Indexes: C—C-S-H(I), Z—Z-phase, Gg—gyrolite gel, G—gyrolite, S—CaSO,.

By using a mixture with 2% of gypsum additive, only after 8 h of
hydrothermal treatment Z-phase and CaSO,4 prevail in the products
(Fig. 2, curve 4). Besides, in the mixture prepared according to molar
ratios as quite a large amount of the Z-phase still remained but the
gyrolite gel and calcium sulphate were already formed (Fig. 2, curve 3).
After 16 h of isothermal curing at 200 °C gyrolite starts forming
together with Z-phase and calcium sulphate in both mixtures (the
intensity of the diffraction peak with d-spacing—2.345 nm increases)
(Fig. 2, curve 5).

Obtained results allow us to state that at the beginning of
synthesis all sulphate ions penetrate into the crystal structure of
semi-crystalline calcium silicate hydrates. Later on, these compounds
re-crystallize into calcium silicate hydrates in more ordered
structure. During this process the part of sulphate ions extrudes
into solution which react with Ca®* ions and form CaSO,. This
phenomenon was proved by results of SEM/EDS analysis. The
accumulation of two morphologies crystals can be seen in SEM
micrographs: gyrolite/Z-phase characteristic plate shape crystals and
long, leaf-like shape CaSO, crystals that are formed as on plates crystals
and in the interlayers between them (Fig. 4a). The results of EDS analysis
showed that crystals of plate structure contain only a traces (0.04 wt.%)
of sulphur contrarily to leaf-like crystals ~20.55 wt.% of S (Fig. 4b).

It should be underlined that upon prolonging the synthesis an
additional amount of sulphate ions starts penetrate into the
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Fig. 3. Scanning electron micrographs (a) and EDS analysis curve (b) of synthesis products when the composition of the primary mixture given in molar ratios is equal to CaO/
(Si05 4+ SO3) =0.66 and SO5/(Si0, + SO3) = 0.025. Duration of hydrothermal synthesis at 200 °C is equal to 4 h. Chemical composition of spectrum 1, wt.%: O — 54.50, Si — 23.90,

S —0.26, Ca — 21.35.

crystalline structure of gyrolite. It was observed that 0.1 wt.% of
sulphur enters into the crystal structure of gyrolite after 72 h of
isothermal curing (Fig. 5). The rest quantity of sulphur is in CaSO,.

Thus, the persistence of the intermediate compounds (i.e. the
beginning of formation and the end of transformation into other
compounds) in gyrolite synthesis depends not only on synthesis
conditions but also on the method of calculating the amount of
additive to be added to a raw mixture.

It was determined absence of any significant changes in the
sequence of compounds formed at 200 °C when the amount of
sulphate ions was increased (SO3/(SiO; +S03)=0.05 or 0.1) in the
mixture. The XRD data indicate that a well-crystallized Z-phase, C-S-
H(I) and calcium sulphate forms in the products after 4 h of synthesis.
The obtained FT-IR data show that in the 6(0—SiO—) range of
vibrations, the Z-phase is characteristic of an intensive absorption
band with the maximum in the frequency range of 461 cm™ ' (Fig. 6b,
curve 1). Moreover, in the §(Si—0—Si) range of vibrations, the Z-phase
is characteristic of low intensity bands (599 and 784 cm™!). In the
range of 1035 cm™ !, the IR spectrum of Z-phase shows an intensive
peak and in 1128 cm™ ! only a “shoulder”. In the range of symmetric
vibrations of OH groups, the Z-phase spectrum indicates a wide band
in the frequency range of 3463 cm™ !. This means that the positions of

OH groups in the structure of this compound are not so well arranged
compared to other calcium silicate hydrates.

Itis determined that the character of the exothermic effect of a low-
base calcium silicate hydrates re-crystallization into wollastonite
changes. C-S-H(I) is characteristic of a narrow, sharp peak. However,
when the Z-phase forms together with this compound, the
exothermic effect at a temperature of ~858 °C becomes wider and
more uneven as well as moves towards a higher temperature (Fig. 6a,
curve 1).

After 8 h of synthesis, data of FT-IR analysis show formation of
gyrolite gel, Z-phase and CaSO, (Fig. 6b, curve 2): a doublet near ~596
and ~612 cm™ "' due to Si-O-Si bending vibrations becomes more
intensive. Slightly more varied are vibrations of the 670 ... 790 cm ™!
frequency: gyrolite has only two bands at 674 and 784 cm™'. A sharp
peak near 3634 cm™ !, which is visible only in the gyrolite spectrum, is
missing in the IR spectra of all the other calcium silicate hydrates. This
clear band (3634cm™!) proves that clearly distinguished OH
positions exist in the structure of gyrolite, which are connected only
with Ca atoms and are not influenced by hydrogen bridge links.

The XRD findings show that upon extending the duration of
synthesis (16 h), the Z-phase starts regrouping into gyrolite. In
addition, analysis of FT-IR and DSC data indicates the absorption
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Fig. 4. Scanning electron micrographs (a) and EDS analysis curve (b) of synthesis products when the composition of the primary mixture given in molar ratios is equal to CaO/
(Si0, + S0O3) =0.66 and SO3/(SiO, 4 SO3) = 0.025. Duration of hydrothermal synthesis at 200 °C is equal to 16 h. Chemical composition of spectrum 1, wt.%: O — 58.66, Si — 22.22,
S — 0.04, Ca — 19.08; and spectrum 2, wt.%: O — 50.52, Si — 3.66, S — 20.55, Ca — 25.27.
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Fig. 5. Scanning electron micrographs (a) and EDS analysis curve (b) of synthesis products when the composition of the primary mixture given in molar ratios is equal to CaO/
(Si03 + SO3) = 0.66 and SO3/(Si0, + SO3) = 0.025. Duration of hydrothermal synthesis at 200 °C is equal to 72 h. Chemical composition of spectrum 1, wt.%: O — 58.71, Si — 22.15,
S —0.10, Ca — 19.05; and spectrum 2, wt.%: O — 38.11, Si — 4.00, S — 20.88, Ca — 37.01.

bands (3639, 1134cm™!) and thermal transformations (the endo- analysis: gyrolite and calcium sulphate crystals dominated in the
thermic effect at 149 °C and the exothermic effect at 857 °C) of a products (Fig. 7). The results of EDS analysis indicate that ~0.35% of S
higher intensity (Fig. 6, curve 3). After 72 h of synthesis, like in enters into the structure of gyrolite (Fig. 7b).

mixtures with a smaller amount of sulphate ions, gyrolite and calcium With the aim to find out whether the persistence of interme-
sulphate prevailed. These results were confirmed by the data of SEM diate compounds is different in the synthesis of gyrolite when a
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Fig. 6. DSC curves (a) and FT-IR spectra (b) of synthesis products when the composition of the primary mixture given in molar ratios is equal to CaO/(SiO, + SO3) = 0.66 and SO3/
(Si02+S03) = 0.05. Duration of hydrothermal synthesis at 200 °C: 1 — 4,2 — 8,3 — 16,4 — 72.
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Fig. 7. Scanning electron micrographs (a) and EDS analysis curve (b) of synthesis products when the composition of the primary mixture given in molar ratios is equal to CaO/
(Si05 4+ S0O3) =0.66 and SO3/(SiO, + SO3) = 0.1. Duration of hydrothermal synthesis at 200 °C is equal to 72 h. Chemical composition of spectrum 1, wt.%: O — 60.18, Si — 20.25,
S — 0.35, Ca — 19.22; and spectrum 2, wt.%: O — 48.16, Si — 2.32, S — 20.89, Ca — 28.63.

much bigger amount of sulphate ions of the dry substance mass is
added to the mixture of raw materials, an analogous synthesis with
10% of SO5 additive and with the mixtures having the molar ratio of
S03/(Si0, + SO3) =0.125 were carried out.

Curves of the X-ray diffraction analysis of the synthesized
compounds show that after 4 h of hydrothermal exposure, similar
amounts of Z-phase and calcium sulphate formed irrespective of the
methods employed to calculate the mixture composition, because the
intensities of the main diffraction peaks typical of them are analogous
(Fig. 8, curve 1).

S

Intensity, a.u.

Another observation is that the Z-phase more rapidly regroups
into gyrolite in the mixtures whose composition was also calculated
according to molar ratios. Only in this case, gyrolite is also identified in
the products of synthesis after 16 h (Fig. 8a, curve 3). DSC curve
showed two thermal transformations typical of gyrolite (Fig. 9a,
curve 1). The FT-IR spectrum also presents absorption bands
characteristic of this compound (Fig. 9b, curve 1). The findings
indicate that upon extending the duration of synthesis (72 h), gyrolite
of a higher degree of crystallinity forms in the products. This is
testified by a higher intensity of the diffraction peak with d-spacing—

b
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27

Fig. 8. X-ray diffraction patterns of synthesis products when the composition of the primary mixture given in molar ratios is equal to CaO/(SiO, + SO3) = 0.66 and SO5/(SiO, + SO3) = 0.125
(a) and upon adding 10% of SO5 ions of dry substance mass (b). Duration of hydrothermal synthesis at 200 °C: 1 — 4,2 — 8,3 — 16,4 — 72. Indexes: C—C-S-H(I), Z—Z-phase, Gg—gyrolite gel,

G—gyrolite, S—CaS0,.
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Fig. 9. DSC curves (a) and FT-IR spectra (b) of synthesis products when the composition of the primary mixture given in molar ratios is equal to CaO/(SiO, + SO3) = 0.66 and SO3/

(Si02 4+ S0O3) = 0.125. Duration of hydrothermal synthesis at 200 °C: 1-16, 2-72.

2.388 nm in the XRD curve (Fig. 8a), a clearer absorption band in the
range of 3639 cm™ ! frequency in the FT-IR curve, and the exothermic
effect at a temperature of 867 °C in the DSC curve (Fig. 9, curve 2).

It should be noted that in a mixture containing 10% of SO3 ions of
the dry substance mass, the transformation of Z-phase into gyrolite is
more difficult: even after 8 h of isothermal curing, only Z-phase and
calcium sulphate were formed (Fig. 8b, curve 2). Traces of gyrolite gel
were identified after 16 h of synthesis, while after 72 h gyrolite
together with CaSO, were dominated in the products (Fig. 8b, curves
3,4).

It should be underlined that in all cases in the mixtures prepared
according to the molar ratios, the typical peaks of gyrolite is more
intensive than in the mixtures calculated on the mass of dry
substances. It could be explained by the variation of Ca0O/SiO, ratio
of initial mixture because with increasing the amount of sulphate ions
from 2 to 10%, the basicity of the mixture decreases from 0.66 to 0.58
and differs from stoichiometric composition of gyrolite.

It is possible to assume that when curing the mixture of CaO,
amorphous SiO, and CaSO4 at 200 °C temperature under the saturated
steam pressure, the reactions of gyrolite formation occur in the
following sequence:

2Ca(OH), + 3Si0, -nH,0 + XCaSO,
+ nH,0—Ca0-2Si0, -nH,0-mCaSO, - pH,O(Z—phase + C-S-H(I))
+ (X—m)CaSO,—2Ca(OH), - 3Si0, -nH, 0 -kCaSO, - pH, O(gyrolite)
+ (X—K)CaSO,

The quantity of sulphate ions which enter into the crystal structure
of gyrolite depends on the synthesis conditions. During the re-
crystallization process of semi-crystalline calcium silicate hydrates
into gyrolite, the part of sulphate ions extrudes into solution which
react with Ca?" ions and form CaSO,. It should be noted that upon
prolonging the duration of synthesis an additional amount of sulphur
penetrates into the structure of gyrolite.

4. Conclusions

1. Sulphate ions at the beginning of synthesis stimulates Z-phase
formation in a low-base mixture (Ca0/SiO,=0.66). Meanwhile,
within 72 h of hydrothermal treatment, gyrolite is a final product
in both mixtures: with sulphate ions as well as without them.

2. The persistence of intermediate compounds in the synthesis of
gyrolite depends on the methods of calculating the gypsum
additive. It is recommended to calculate the initial mixture
composition according to molar ratios because crystallization
process of gyrolite is more intensive.

3. It was determined that the quantity of sulphur which penetrates
into the crystalline structure of gyrolite depends not only on the
synthesis conditions but also on the composition of initial mixture,
i.e. increasing the quantity of sulphate ions in the mixture, the
amount of inserted S in gyrolite structure grows and the rest part of
sulphur remains in CaSO4.

4. Gypsum additive has no influence on the re-crystallization
temperature of C-S-H(I), Z-phase and gyrolite into wollastonite.
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