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INVESTIGATIONS OF CEMENT EARLY HYDRATION IN THE
PRESENCE OF CHEMICALLY ACTIVATED FLY ASH
Use of calorimetry and infrared absorption methods

Barbara Pacewska*, 1. Wilinska and G. Blonkowski
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The paper describes an attempt of chemical activation of fly ash and claims the usefulness of combination of such investigation
methods as calorimetry and infrared absorption for investigations of early periods of cement hydration. The research samples were
cement pastes made with an addition of fly ash and admixtures of chemical activators, CaCl,, Na,SO4 and NaOH, whereas a cement
paste without fly ash addition and a cement—fly ash paste (both without admixtures) were used as reference samples. In order to
investigate early periods of cement pastes hydration, the amount and rate of heat release were registered, and IR spectrums were
checked at appointed hydration moments.

As a result, it was shown that the combination of calorimetric and IR absorption methods in the investigations of early periods of
cement hydration was useful. It was confirmed that the use of chemical activators CaCl,, Na,SO4 and NaOH accelerated the
hydration of cement pastes containing fly ash additive in early hours after adding water. The action of activators on hydrating

cement system is different for each of investigated compounds.
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Introduction

Physical and chemical processes that occur after adding
water into cement influence its binding properties.
The hydration of cement is a long-term process.
However, the most intensive transformations occur in
initial periods after water is added to binder. A lot of
elementary processes overlap during the hydration.
Their mechanism becomes more complicated if
additional active materials (e.g. silica fume [1], spent
fluidised catalytic cracking catalyst [2, 3]) are introduced
into the system. An example of component that is
introduced into cement at the stage of its production,
or as an additive into cement concrete, is fly ash. In
order to be able to use the fly ash, its properties should
meet adequate standard conditions.

Fly ashes show pozzolanic or pozzolana-hydraulic
properties in hydrating cement environment, and in
this way they influence the amount of Ca(OH), and
binding phases. It should be emphasized that fly ashes
coming from different sources may significantly
differ in their physical and chemical properties [4, 5].
An effect of these differences of fly ash is diverse and
not always has a favourable influence on cement
hydration, and, in consequence, on features of
accomplished composite.
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An example is fly ashes coming from fluidised
combustion of coal. Such fly ashes differ in chemical
and phase composition as well as grain morphology
from the fly ashes produced during pulverized coal
combustion. Fluidised fly ash in cement paste shows
better activity, in comparison to conventional fly ash [5].
Fly ash from conventional coal combustion methods
shows pozzolanic activity in subsequent hydration
period. For this reason, early strength of composite is
decreased, especially when large amounts of fly ash
are introduced as a replacement for a part of cement
[6, 7]. It limits the possibility of fly ash application as
an additive into cement composites in cases when
high parameters of young cement mortars, or concretes,
are required. Various methods of fly ash activation
may be used in order to counteract the reduction of
early strengths and improve the pozzolanic activity of
fly ash. One of the methods is chemical activation
consisting in introduction of admixtures of chemical
activators into hydrating cement.

There is a lot of literature that describes these
processes, and, mainly, they refer to the influence of
ash activation on properties of cement composites.
Investigations of products that are created in the
presence of activators frequently deal with subsequent
hydration periods. There is relatively little research
on early hydration, that is, the initial hours after
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adding water, and chemical compounds created at this
point. Various hypotheses concerning the action of
chemical activators in cement paste are being put
forward, and this problem still stirs up controversies.

The aim of this paper is to attempt activation of
fly ash and to claim the usefulness of combination of
such investigation methods as calorimetry and infrared
absorption for investigations of early periods of
cement hydration.

Experimental

The research material was fly ash (further marked as
PM) obtained from pulverized combustion of hard
coal. Physical and chemical properties of the ash are
presented in the paper [5]. Approximately, the ash
oxide chemical composition (the main components)
was the following: 50% SiO,, 30% Al,Os;, 4% Fe,0;,
1% CaO, less than 1% SO;, and more than 3 % of
K,0+Na,0 [mass% in all cases]. It was decided that
the PM fly ash was selected for the research on activity
improvement, based on prior investigations of three
fly ashes of different origin [5]. Those investigations
proved that PM ash revealed low activity in initial
hydration periods of the cement system.

The research samples were cement pastes prepared
from Portland cement CEM 1 32,5R and PM ash,
whereas CaCl,, Na,SO4 10H,0 as well as NaOH were
used as chemical activators. The mixture of 70 mass%
of cement and 30 mass% of PM was used to prepare
cement pastes.

Activators were introduced in the amount of
2 mass% of the mass of binder (cement+fly ash) as a
solution in make-up water. Water/(cement+fly ash)
ratio was 0.5 in all cases. Water coming from
hydrated salts was included into calculations as part
of the total amount of water in cement paste. For
comparison reasons, cement pastes containing 0 and
30 mass% of PM (reference A and B, respectively)
without the activators were also performed.

Calorimetric measurements of cement pastes
were conducted using a differential calorimeter BMR,
constructed at the Physical Chemistry Institute of
Polish Academy of Sciences. Within 48 h from the
moment of adding water into the binder, heat release
and its rate were measured. The results were cal-
culated using computer software [8].

Infrared absorption measurements were carried
out for the samples of cement pastes in given moments
of their hydration. Cement pastes were sealed in
polyethylene bags right after their preparation. At the
given moment, the samples were taken out of the bags
and, next, their hydration process was being stopped
by means of acetone. A spectrometer Genesis Il FTIR
(Mattson) was used. The investigations were conducted
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in 4000-400 cm ' wave number ranges, using KBr
pellets preparation.

Results and discussion
Calorimetric measurements

The results of calorimetric measurements of chemically
activated cement pastes are shown in Fig. 1. The
curves illustrating the rate of heat release are typical
for cement pastes. In initial minutes after adding water,
fast heat releasing takes place. This is the effect of
binder grains wetting, their partial dissolving of the
surface, and the initial stage of ettringite formation.
Then, the process is slowed down (induction period),
which is caused by the covering of cement grains with
thin layer of hydrates. After the induction period is
finished, there follows another fast release of heat,
which is connected with crystallization of cement
hydration products [9]. An introduction of PM ash
into cement paste (reference B) makes the amount of
released heat get reduced, and the curve of heat release
rate of the sample is becoming flatter in comparison
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Fig. 1 a— Heat evolution curves for cement pastes and
b — heat released during hydration; 1 — reference A;
2 —reference B; 3 — cement paste containing fly ash
and CaCl, admixture; 4 — cement paste containing fly
ash and Na,SO, admixture; 5 — cement paste
containing fly ash and NaOH admixture
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with cement pastes without the ash. It confirms earlier
findings [5]. The effect is caused mainly by the
replacement of part of the cement with a less reactive
material. The addition of fly ash extends the induction
period compared with reference A as well as it shifts
the second heat effect maximum from about 8 h of
hydration for the cement paste without the ash to
about 10 h for the samples containing additive.
Therefore, it can be expected that the start and end
time of set of the binder get extended.

Application of small amounts of chemical activators
causes a distinct change of a course of calorimetric
curves. In the cement system activated with CaCl, it is
clearly seen that the induction period is shorter, and
the intensity of heat stream in initial hydration hours
is increased, compared with cement—fly ash paste
without the activator (B). Duration of the induction
period of activated cement paste containing ash is
similar to the induction period for plain cement paste
without fly ash addition (A). The second period of
heat release time is shorter, more intensive, and it
achieves its maximum faster. It is a well-known effect
of CaCl, activity as an admixture accelerating the
setting and hardening of cement.

The Na,SO, acts in a cement paste in a different
way. The accelerating activity of Na,SO, is not so
intensive as in the case of CaCl,. Comparing the above
results with those obtained for the reference B one
may state that the introduction of Na,SO, admixture
into cement paste containing ash causes the induction
period to shorten, and the release of heat to become
more intensive in the following period. As a result,
the second period maximum on calorimetric curve is
shifted to about 7 h of hydration. Similar, however, to
reference B is the extended time period of heat release
in the period of crystallization of products. Yet, it has
to be noted that the induction period is longer than in
the case of reference sample A, and the calorimetric
curve is flatter.

The cement paste activated with NaOH behaves
in a manner which is in between the two previous
activators. Acceleration of the start of binding is
nearly identical to the one of Na,SO,. The period of
intensive heat release has also a similar duration; yet,
around the 10™ hour of the process, a sudden fall of
heat release rate takes place and the curve develops in
a similar way as the curve for cement paste containing
CaCl,. The analysis of calorimetric curve leads to a
conclusion that NaOH becomes most active after the
induction period.

After the induction period, from among activated
cement pastes, the highest values of released heat in
the first hours are observed for cement paste containing
CaCl,, in later hours — for the sample admixtured with
Na,SO,. This observation confirms that the CaCl,
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admixture in the initial hours after water addition has
the most accelerating influence, whereas the Na,SO,
acts in a more moderate way and is extended in time,
compared to CaCl,. In case of cement paste containing
NaOH, the most intensive release of heat, indicating
acceleration of the hydration, takes place between 4"
and 25™ hour from the moment of adding water.

Infrared absorption findings

The results presented above confirm that calorimetry
is a very good method for comparative investigations,
and helps to draw conclusions about the processes
occurring in the initial, most intensive hydration
periods. Nevertheless, this method does not give a
direct answer about the products being formed in
given periods.

In order to find out about composition of cement
pastes in individual moments of their hydration, one
can use infrared (IR) absorption method, on condition
the hydration is stopped after a given time period. The
results of IR investigations of cement pastes in time
periods up to 24 h of hydration are presented in
Figs 2-5. The periods for investigations were selected
on the basis of calorimetric curves; after 25 min (this
is after initial wetting period), after 3 h (finished
induction period), after 8 h (second heat effect
maximum for reference A), and after 24 h.
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Fig. 2 IR spectra of cement pastes after 25 min of hydration and
components of cement pastes (cement and fly ash);
1 —reference A; 2 —reference B; 3 — cement paste
containing fly ash and CaCl, admixture; 4 — cement paste
containing fly ash and Na,SO, admixture; 5 — cement
paste containing fly ash and NaOH admixture
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25™ minute of hydration

After 25 min of hydration, there are still visible bands
characteristic for components of the cement (Fig. 2).
An intensive band with a maximum at about 925 cm ™',
and bands at about 525 and 450 cm ', are connected
with vibrations of Si—O in alite (the bands of alite are
generally broader than belite bands and they
overlap) [10]. In the case of cement pastes containing
PM ash, the latter two bands overlap with bands
characteristic for PM (at about 550 and 460 cm ' — the
bands of vibration of AI-O and Si—O [11]). Intensity
of the band at about 450 cm ' for cement—fly ash pastes
(compared with IR spectrums of dry cement, PM and
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Fig. 3 IR spectra of cement pastes after 3 h of hydration;
1 —reference A; 2 —reference B; 3 — cement paste
containing fly ash and CaCl, admixture; 4 — cement paste
containing fly ash and Na,SO, admixture; 5 — cement
paste containing fly ash and NaOH admixture
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Fig. 4 IR spectra of cement pastes after 8 h of hydration;
1 —reference A; 2 —reference B; 3 — cement paste
containing fly ash and CaCl, admixture; 4 — cement paste
containing fly ash and Na,SO, admixture; 5 — cement
paste containing fly ash and NaOH admixture
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Fig. 5 IR spectra of cement pastes after 24 h of hydration;
1 —reference A; 2 —reference B; 3 — cement paste
containing fly ash and CaCl, admixture; 4 — cement paste
containing fly ash and Na,SO, admixture; 5 — cement
paste containing fly ash and NaOH admixture

reference A) indicates that it originates form ash.
A sharp band of middle intensity at about 1430 cm™'
and a sharp, intensive band at about 875 cm ™' as well
as a very weak band at about 1790 cm ™' are connected
with the presence of carbonates [10, 12] (location of
the second of the bands is similar to silicate bands,
and they overlap). Distinct changes observed in a short
time after water addition to cement are connected first
and foremost with sulfate and silicate phases. Already
after 25 min of hydration, a triple band, characteristic
for dry cement, of sulfates (gypsum) at range of
1100-1150 cm ™" transforms into a single band located
at the bottom part of the bracket. It confirms early
forming of ettringite [13]. In case of cement—fly ash
pastes this band may partially overlap with the main
band characteristic for PM (about 1070 cm™"). Conversions
of sulfate phases to ettringite formation are also
confirmed by changes of shape of stretching and bending
bands of water molecules vibrations. In case of a
complex, broad band at 3000-3800 cm’', it is observed
that two bands characteristic for CaSO, hydrate
(gypsum) at about 3550 and 3400 cm ™' [14] disappear,
and a broad band with one, main maximum is being
formed. At about 1600 cm ™', a weak doublet appears.

Observed changes occur with the most intensity
for cement pastes activated with NaOH, and are the
slowest for the sample with CaCl,. It may be an effect
of decreased dissolution of CaSOy in the presence of
CaCl, (influence of common ion). When applying
Na,SO, as an activator, the amount of available SOf{
ions increases and it gives a possibility to form a
larger amount of ettringite.

Active influence of used admixtures on early
hydration of silicate phases is visible in the bands range,
characteristic for these phases. A distinct band at about
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1000 cm ' is observed, which indicates some acceleration
of forming of C—S—H phase” . This band is not visible
for reference samples A and B. Simultaneously, with
the exception of the paste admixtured with NaOH, the
formation of Ca(OH), is practically not observed
(very weak band of vibration of OH in Ca(OH), at
about 3640 cm ).

3™ hour of hydration

The IR spectrums of investigated cement pastes after
the third hour of hydration (Fig. 3) do not show any
significant changes compared to those registered after
25 min. It confirms that chemical conversions in the
induction period are slowed down. In case of reference A
cement paste, the spectrum after the 3™ hour of
hydration is similar to the one registered earlier. It is
similar in the case of non-activated cement paste
containing PM (reference B). However, in the case of
sample B after the 3™ hour of its hydration, a weak
band, already at about 1000 cm ', begins to appear. It
indicates a formation of the first amount of C—S-H
phase, probably as a result of nucleation acting onto
the finest grains of the ash and/or accelerating the
action of Na” and K" ions from the ash. After the 3™
hour of hydration, in the case of cement pastes activated
with Na,SOy, the band at about 1110 cm’ undergoes
some intensification, and a band of SO; vibration at
about 610 cm ' forms. It suggests a more complete
reaction to ettringite. The IR spectrums of the other
cement pastes do not differ significantly from those
registered after 25 min.

8™ hour of hydration

Shapes of IR spectrums after the 8" hour of hydration
(Fig. 4) confirm an occurrence of intensive changes in
cement pastes after the induction period completion.
It is visible that a broad band of H-O-H vibration
with a maximum at about 3400 cm " intensifies. There
appears a distinct band of Ca(OH), at about 3640 cm .
This band is the most intensive one for the cement
paste containing NaOH. In case of reference A, some
widening and a shifting of asymmetric stretching
vibrations of Si—O from 925 cm™' to slightly higher
values of wave numbers is observed. It indicates a
formation of C—S—H phase. In case of reference
sample B, the forming of C—S—H is confirmed by a
presence of the band at around 990 cm™' beside the
band of not-reacted alite at 927 cm™. In case of
cement pastes activated with Na,SO, and NaOH,
there are two bands visible; a distinct band of
vibration of SiO4 in C—S—H phase at about 1000 cm™’

and a weak alite band at about 930 cm™'. It confirms
accelerating action of these compounds. In the two
latter cases, the SO~ band at about 620 cm ' is clearer.
CaCl, shows the fastest acceleration of hydration
between the 3™ and 8" hour after adding water to
binder, which confirms the results of calorimetric
findings (greatest amounts of released heat in this
period). After 8 h of hydration in cement paste containing
CaCl,, the initial components of Portland clinker are
practically not visible (main absorption band of alite
has disappeared, and the intensity of a band at about
520 cm ' has much decreased). However, the C—-S—H
band is distinct. The band at about 1100 cm™ is
decreasing, which is an indication of a beginning of
further transformation of sulfate phases.

24™ hour of hydration

After 24 h of hydration, shapes of IR spectrums of
investigated cement pastes are already quite similar
(Fig. 5). Practically, there are no visible bands that would
indicate any presence of alite. Moreover, there is more
evidence that indicates hydration progress, namely:
increasing intensity of Ca(OH), band at 3640 cm '
(the most intensive for sample with NaOH), intensification
of the broad absorption band of hydrates between
3200 and 3600 cm ', and the presence of intensive
band of C—S—H phase. In case of the reference A, the
maximum of C—S—H band is at around 980 cm ', that
is in a typical place for this product [13], whereas for
cement pastes containing PM the maximum is shifted
to slightly higher values of wave numbers. It may
indicate a higher degree of silicate polymerization or
a formation of the C—S—H phase, richer in silica, in the
presence of ash [15]. The band at about 1100 cm ' is
the most intensive in case of cement pastes containing
Na,SO4 and NaOH, and this suggests the largest
content of ettringite in these samples, whereas in case
of cement paste with CaCl, the band is hardly visible.
Probably, in case of cement paste containing CaCl,
most of the SO; ions available got combined in
ettringite before the 24™ hour of hydration, and then a
conversion in the direction of chloroaluminates and
monosulfate was started. It has to be pointed out,
however, that in research [16] a formation of compounds
of hydrated calcium chloroaluminates type in pastes
containing Ca(OH),, ash and CaCl, was observed
only on the 7™ day of hydration.

In case of cement paste containing NaOH, there
is a presence of weak band at about 1200 cm™" which,
together with a band at 1100 cm ', suggests conversions
towards monosulfate formation.

HE Abbreviations used in cement chemistry : C—S—H — hydrated calcium silicates of different chemical composition, the main product
of cement hydration, also the product of pozzolanic reaction between active silica and Ca(OH),. Other abbreviations used in this
paper: CsS — tricalcium silicate, alite, 3Ca0-SiO,; C;A - tricalcium aluminate, 3Ca0O-ALOs; C;F — ferrite phases, 3CaO-Fe,0;
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The band characteristic for carbonates at around
1420 cm ™' starts changing its shape parallel to its loss
of symmetry (most visible in case of the
sample admixtured with CaCl,). It indicates a begin-
ning of transformations of carbonate phases.

Mechanism of chemical activation of cement pastes
containing fly ash

CaCl,

Findings presented in this paper confirm the accelerating
effect of CaCl, on hydration of cement—fly ash paste.
In the presence of CaCl, a shortening of induction
period takes place, and an intensive hydration period
follows. As a result, shortening of setting and hardening
times may be expected. The acceleration is connected
with a release of greater amounts of heat, especially in
initial hours of the hydration. The admixture of CaCl,
eliminates the retarding effect of the ash — duration of
induction period for cement—fly ash paste containing
CaCl, was similar to the value registered for reference A,
while the effect of heat release that followed (con-
nected with crystallization of hydration products) was
even more intensive.

There is a hypothesis concerning the shortening
of induction period of cement paste admixtured with
CaCl, that claims that initial decrease of Ca(OH),
solubility is a result of great saturation with Ca", which
may contribute to earlier crystallization of Ca(OH),
[17]. This accelerating of Ca(OH), crystallization,
however, was not observed in conditions of experiment
for this paper findings. In the initial hydration hours
some reduction of CaSO, solubility was observed,
probably as a result of common ion, and acceleration
of hydration of clinker phases by CaCl,. Smaller
amounts of SO; ions moving in the initial minutes to
solution may result in the formation of smaller amounts
of ettringite and a faster hydration of aluminates. In
consequence, a thinner ettringite layer is formed on
clinker grains, and this results in considerable shortening
of induction period.

Simultaneously, fast appearing of the first
portions of C—S—H phase, already after 25 min, may
suggest catalytic influence of CaCl, and/or that it
facilitates nucleation. These phenomena are also reported
as hypotheses of accelerating effect of CaCl, [17].
The forming of C-S-H in initial periods is not
connected with direct crystallization of Ca(OH), despite
the presence of larger amounts of Ca®” ions in the
solution resulting from admixture introduction. It
may indicate that silicate phase that is formed in
initial periods is rich in Ca*".

Obtained results partially confirm research
findings of Cheeseman and Asavapisit [18], who
observed as early as on the 1* hydration day (in case
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of cement paste containing small amounts of CaCl,)
the formation of Ca(OH), in amounts close to the
level registered for a cement paste without the
activator, and that the formation of Ca(OH), got
limited after exceeding a certain level of CaCls,.

Moreover, it should be noted that for all investigated
cement pastes containing PM ash a mechanism of
C-S—-H precipitation must be different from an
analogous process occuring in the reference A. It was
shown clearly in IR spectrums. In case of cement
paste without ash, the forming of C—S—H is confirmed
by a shifting of the main band of alite vibrations to
higher values of wave numbers, which is well
recognised in literature [13]. It is different, however,
in case of cement pastes containing ash — a presence
of C—S-H is initially observed as an additional band
at about 1000 cm ' developing beside the alite band at
about 925 cm . The alite band disappears in subsequent
time. After a short induction period, between 3™ and
8™ hour of hydration, there occurs a specifically
intensive acceleration of reactions. The C—S—H forms
very fast. One may expect that for the reason of
relatively small amounts of introduced CaCl,, it does
not cause new silicate phases to form in a way
different from those created in cement hydration. It
does, however, accelerate a reaction of tricalcium
aluminate (C;A) and ferrites with gypsum. Probably,
the gypsum reacts first and the ettringite arises; after
SO; ions consumption, a monochloroaluminate
C3A-CaCl,y 10H,O (Friedel’s salt) is formed, while
after CaCl, runs low, there occurs a conversion of the
ettringite in the monosulfate [17]. In case of ferrite
phases, a compound analogous to Friedel’s salt is
formed C;F-CaCl, 10H,O [19].

Similar products may be formed in reaction with
aluminate ions that are moved into solution from the
ash. However, for the reason that chlorides do not show
characteristic bands in infrared, while IR spectrum of
Friedel’s salt [20] does show bands in places where
the other components of cement pastes absorb, a presence
(or lack) of compounds of the type of Friedel’s salt
has not been confirmed in our findings. It can be
expected, though, that CaCl, will act as activator also
in relation to pozzolana, i.e. fly ash, which was
confirmed by some authors [16, 21-23]. Nevertheless,
during 24-h hydration, the acting of CaCl, to improve
fly ash activity is not clearly visible. The activation of
cement—fly ash paste is basically limited to the
influence of CaCl, on hydration of clinker phases.

Na2$O4

Presented results confirm the accelerating acting of
Na,SO; in relation to the hydration of cement—fly ash
paste. The shortening of the induction period, however, re-
veals a lower degree intensity than in the presence of
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CaCl,. This observation may be linked to the fact that
larger amounts of ettringite are formed, which is visible
already in the first minutes after adding water to binder.
It is confirmed in works of other authors reporting that
the forming of ettringite is an important stage of sulfate
activation, and it explains improvement in early strength
of cement components containing ash [6, 7, 21-23].

To start from the very first minutes of hydration,
similar to CaCl,, the forming of C—-S—H phase is
observed. It is an effect of faster dissolving of alite
and belite in the presence of activator. Similarly as in
the case of cement pastes with CaCl,, the creation of
C-S-H in the first minutes of hydration is not
connected with a distinct precipitation of Ca(OH),,
which suggests that the C—S—H phase is rich in Ca*".
After induction period, there occurs an acceleration of
processes, yet not as intensive as in the case of CaCl,.
The period of crystallization of products is extended
in time, similarly as in the case of cement—ly ash
paste without admixtures. It was noted that the result
of extended activity of Na,SO,, compared to CaCl,, is
a constant increase in the amount of heat released up
to 48 h of hydration, during which time the total
amount of emitted heat is the greatest. Observed
phenomena may be linked with changes of com-
position of liquid phase, that is, a decrease of Ca*"
ions concentration and increase of OH™ ions concent-
ration [17].

In case of activation of cement—fly ash paste
with Na,SO,, two directions of its acting should be
taken into consideration: accelerating of the hydration
of alite and belite, and accelerating of dissolving of
glass alumina-silicate phases from ash. According to
quoted authors [21-23], Na,SO, reacts with Ca(OH),
in the presence of water, and, as a result, CaSO,4-2H,0
precipitates and NaOH arises. The effect of this is a
fast increase of pH of the solution, which makes it
easier to dissolve alumina-silicate glasses of ash,
thereby to accelerate the pozzolanic reaction, mainly
in the period controlled by pozzolana dissolving.
Probably, such a process takes place also in the
analysed case, but in the first 24 h after water addition
it was more important to note the acceleration of
hydration of clinker phases.

NaOH

The presence of NaOH accelerates the hydration of
alite, i.e. the main component of Portland cement.
The accelerating acting displays mainly in early
periods (up to one day of hydration) [24]. It is consis-
tent with our findings of calorimetric measurements. It
was observed that in the presence of NaOH the accel-
erating of hydration of cement—fly ash paste, similarly
as in two other cases, discussed earlier. However, the
results show that a mechanism of acting of each of the
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admixtures is different. In case of the introduction of
NaOH into cement system, the amount of heat
released in the first minutes of hydration is the lowest.
Observed shortening of induction is similar as in the
case of Na,SO, but the period of acceleration of
processes that follows is more intensive, similar to
CaCl,. In given conditions of the experiments the
presence of NaOH favours fast ettringite forming. In
subsequent hours of hydration the monosulfate arises,
and it is possible that a monosulfate phase rich in
sodium ions is also formed.

To start from the first minutes after water addition,
the acceleration of C—S—H phase forming connected
with greatest amounts of Ca(OH), precipitation takes
place. It is possible that according to reports of au-
thors [24, 25] Na' ions build into structure of surface
layer of hydrated alite already in the first minutes of
hydration. It is most likely that the Na" ions build also
into other hydration products, which was presented in
other papers [26, 27]. Fast ettringite formation and
crystallization of Ca(OH), may be explained by the
increase of gypsum dissolution and reduction of
Ca(OH), dissolution after NaOH introduction. It is
not unlikely that in case of all admixtures used, the
main activation acting in the first 24 h is caused by the
acceleration of hydration of clinker phases. Distinct
improvement of pozzolanic properties of ash may
only be visible in subsequent periods of hydration.

Conclusions

A combination of calorimetry and infrared absorption
is a good method to investigate mechanisms of early
cement hydration. It is especially important in
cases when active materials are introduced into
cement components as additives or admixtures.

» The calorimetry enables continuous observations
of exothermic reactions occurring after water has
been added to binder. It is especially important in
case of comparative investigations.

* Infrared absorption enables to draw conclusions about
hydration products being formed in definite periods.

It was confirmed that the application of chemical
activators such as CaCl,, Na,SO; and NaOH
accelerates the early hydration of cement pastes
containing fly ash addition. It has to be noted,
however, that the mechanism of activators acts
differently for each of them.

+ It is claimed that acceleration of chemical processes
in cement—fly ash paste (in case of all admixtures
used), up to 24 h of hydration, is mainly connected
with the acceleration of cement hydration. Only to
a small degree it can be the effect of increasing of
ash grains dissolving.

775



PACEWSKA et al.

References

1

2 M. Garcia de Lomas, M. 1. Sanchez de Rojas and M. Frias,

3

10

11

12

13

V. Rahhal, O. Cabrera, R. Talero and A. Delgado,
J. Therm. Anal. Cal., 87 (2007) 331.

J. Therm. Anal. Cal., 90 (2007) 443.

C. A. Pinto, P. M. Biichler and J. Dweck, J. Therm. Anal.
Cal., 87 (2007) 715.

Z. Giergiczny, J. Therm. Anal. Cal., 83 (2006) 227.

B. Pacewska, G. Blonkowski and 1. Wilinska, J. Therm.
Anal. Cal., 86 (2006) 179.

C.Y. Lee, H. K. Lee and K. M. Lee, Cem. Concr. Res.,
33 (2003) 425.

C. S. Poon, S. C. Kou, L. Lam and Z. S. Lin, Cem. Concr.

Res., 31 (2001) 873.

J. Poznanski, Computer software for processing of data
obtained from calorimeter, 2005.

W. Nocun-Wezelik, IV" School of Thermal Analysis
SAT’04, Zakopane 2004, p. 95 (in Polish).

M. Y. A. Mollah, W. Yu, R. Schennach and D. L. Cocke,
Cem. Concr. Res., 30 (2000) 267.

A. Fernandez-Jiménez and A. Palomo, Microporous
Mesoporous Mater., 86 (2005) 207.

E. T. Stepkowska, J. M. Blanes, C. Real and

J. L. Perez-Rodriguez, J. Therm. Anal. Cal.,

82 (2005) 731.

H. F. W. Taylor, Cement Chemistry, Thomas Telford
Publ., London 1998.

776

14

15

16
17

20
21
22
23
24
25
26

27

R. A. Nyquist and R. O. Kagel, Infrared Spectra of
Inorganic Compounds (3800—45 cm™), New York 1971.
S. Martinez-Ramirez, M.T. Blanco-Varela, 1. Erefia and
M. Gener, Appl. Clay Sci., 32 (2006) 40.

Z. Giergiczny, J. Therm. Anal. Cal., 76 (2004) 747.

W. Kurdowski, Cement Chemistry, PWN,

Warsaw 1991 (in Polish).

C. R. Cheeseman and S. Asavapisit, Cem. Concr. Res.,
29 (1999) 885.

A. K. Suryavanshi, J. D. Scantlebury and S. B. Lyon,
Cem. Concr. Res., 25 (1995) 581.

U.A. Birnin-Yauri and F. P. Glasser, Cem. Concr. Res.,
28 (1998) 1713.

C. Shi and R. L. Day, Cem. Concr. Res., 30 (2000) 51.
C. Shi and R. L. Day, Cem. Concr. Res., 30 (2000) 607.
J. Qian, C. Shi and Z. Wang, Cem. Concr. Res.,
31(2001) 1121.

V. K. Peterson, D. A. Neumann and R. A. Livingston,
Chem. Phys. Lett., 419 (2006) 16.

S. Long, C. Liu and Y. Wu, Cem. Concr. Res.,

28 (1998) 245.

B. A. Clark and P. W. Brown, Cem. Concr. Res.,

29 (1999) 1943.

B. A. Clark and P. W. Brown, Cem. Concr. Res.,

30 (2000) 233.

DOI: 10.1007/s10973-008-9143-7

J. Therm. Anal. Cal., 93, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


