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Abstract: Fly ash (FA) can be used in cement mixtures with certain limitations. The
problem of the mentioned mixtures lies in the insufficient activity of the particles of
FA in the reactions which are important for the establishment of the mechanical
characteristics of cement. This is particularly true for the hydration reactions. As a
result of this, cement pastes formed by mixing ash and clinker have worse character-
istics compared to those of pure Portland cement (PC), especially in the early period
of setting. As is well known, FA can be a good solution for the neutralization of the
negative effects generated due to the creation of free Ca(OH), during the hydration
of PC, provided that the problems with the low activity of FA are overcome. For the
experiments in this study, a mixture of Portland cement and fly ash was used, the
content of ash in the mixture being 30 % and 50 %. Mechanical activation was per-
formed in a vibrating ring mill. The goal of this study was to demonstrate, through
experimental results, that during the mechanical activation of a PC and FA mixture,
the components in the mixture which mostly affect the direction, rate and range of
hydration reactions occurring in the mixture had been activated. The values of the
compressive strength of the activated and non-activated mixtures and the changes
of their specific surface area proved that during the grinding process, the mixture
PC+FA had been mechanically activated. The highest increase of compressive
strength was achieved in the early period of setting, which indicates an improvement
in the early hydration of the mixture. XRD, DTA and TG analyses showed that the
alite (C3S) and belite (C,S) from the PC and a part of the fly ash were activated.
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INTRODUCTION

The identification of a universal model for the hydration of Portland cement
and fly ash mixtures requires the study of the mechanisms of the hydration of Port-
land cement and fly ash, as well as their interaction during the process.
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Hydration of PC is consists of a series of simultaneous chemical reactions re-
lated to the hydration of the individual materials constituting PC. Very often, for
the purpose of presenting a model for the process of Portland cement hydration, the
reaction of alite (C3S) and water is used, i.e., alite hydration. !

On the basis of the simplified model of alite hydration? and the principles of
the progress of pozzolanic? reactions, the process of PC+FA hydration is presented
in Fig. 1 as a multiphase process, where an: early, medium and late period of
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hydration can be differentiated. A parameter of the progress of the hydration reac-
tion of a PC and FA mixture is the change of the concentartion of Ca(OH),. In the
earliest period, after several minutes, the first hydration of alite and belite (C,S)
from Portland cement with the release of hydration heat occurs:2

2(3Ca0-Si0,) + 6H,0 = 3Ca-2Si0,-3H,0 + 3Ca(OH), + AH; (C3S,Hs) (1)
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2(2CaOSlOZ) + 4H20 = 3C30281023H20 + Ca(OH)2 + AHZ (C3SZH3) (2)

As a product of the cement hydration reaction Ca(OH), is formed. The higher
presence (concentration) of Ca(OH), in cement paste causes an instability of con-
crete exposed to the action of soft water and acidic solutions, as well as to the action
of high temperatures. After the early period of setting, there is a stagnation period,
during which the emission of hydration heat is relatively low. The physical changes
in the cement paste during this period can be seen in its gradual hardening. After the
period of stagnacy, in the medium phase, the reaction accelerates and a new
hydration of the cement occurs. The maximum is reached 9—-10 h after the beginning
of the reaction. Due to the increase of the OH™ ion concentration, as a result of the
generation of Ca(OH),, the environment becomes progressively alkaline. Fly ash
which is negligibly activated in this early period, acts as an inert material which ac-
celerates the setting of the cement paste by acting as a nucleus for the sedimentation
of C-S-H, C-Al-H and Ca(OH),, which appear after cement hydration.3-4

In the nucleation phase, the final formation of the structure of the cement paste
occurs.

In the late period, the cement paste hardens, while the pH value increases in the
pores of the cement paste, which affects the dissolution of the molecules of amorphous
Si0,.> Ca(OH),, created by the hydrolysis of alite and belite, behaves as an activator
of the latent hydraulic properties of fly ash and reacts, in so-called pozzolanic reac-
tions, with the active part of the fly ash (SiO,, Al,O). In this way, the negative influ-
ence on the quality of cement can be reduced or entirely neutralized:

28i0, + 3Ca(OH), = 3Ca0-28i0,3H,0 (C3S,H;) 3)

3Ca0-Al,O3 + CaSOy - 2H,0 + 10H,0 = 4Ca0-Al,04-SO5-12H,0
(C4ASH)») “)

Al,O3 + CaSOy - 2H,0 + 3Ca(OH), + 7H,0 = 4Ca0-Al,05-:SO512H,0
(C4ASH») (5)

Al,O3 +4Ca(OH), + 9H,0 = 4Ca0-Al,03 - 13H,0 (C4ASH13) (6)

As the pozzolanic reactions progress, the fly ash particles lose their spherical form
and become increasingly coated by a layer of the product, and after a period of 6
months they can no longer be identified.® During the hydration of cement with added
FA, the same hydration products appear as during the hydration of Portland cement.

There are data’ supporting the fact that many cements with added fly ash have
better mechanical properties than PC itself. The increased resistance to corrosion
of cements with added FA is accounted for by the lower content of Ca(OH), in the
cement paste, and thus in the concrete. For the same reasons, Portland cement with
added FA behaves better when exposed to high temperatures.8

During the hydration of PC and FA mixtures, certain problem arise:
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* In the stagnacy phase and in the late hydration period, there is the decelera-
tion of the hydration of alite.”

* Insufficient early hydration activity of belite.10

* Insufficient hydration activity of fly ash. Pozzolanic reactions are, in com-
parison to the hydration reaction of Portland cement, much slower and they occur
to an observable extent only after one or two weeks.!!

There has been a series of attempts to increase the hydration activity of the in-
dividual components of cement and fly ash, from the temperature!1-13 and synthe-
sis method,!4 to addition of certain activators.!> Only a small number of papers
deal with the influence of grinding on the hydration activity of the components of
cement, and there are even less papers on fly ash.” For this reason, this paper dem-
onstrates how and to what extent mechanical activation of PC+ FA mixtures affects
the hydration properties of the PC + FA mixtures and their mechanical properties.

EXPERIMENTAL

For the tests of the action of mechanical activation on mixtures of Portland cement and fly ash,
gypsum from the Gruza (Serbia) bed, fly ash from Thermal Power Plant Kragujevac (Serbia) and
Portland cement cliniker which is a standard product of the Cement factory of Novi Popovac (Ser-
bia) were chosen. Portland cement was produced by milling the Portland cement clinker and gyp-
sum to a particle 95 % < 100 um. Mixture samples with 30% and 50% of fly ash in the mixure with
Portland cement were named PC30FA and PC50FA, respectively. Their chemical composition and
the pozzolanic activity of fly ash are presented in Table I.

TABLE I. Chemical composition of the employed raw materials

Compounds Portland cement Fly ash Kragujevac

SiO, 22.54 40.40

Al,O4 6.11 16.50
(Fe,03), 2.26 5.69
CaO 65.27 27.70

MgO 2.93 1.93

Na,O 0.32 1.17

K,0 0.38 1.84

SO, = 2.65

Pozzolanic activity 9.5

Mechanical activation of PC and the cement mixture (PC30FA i PC50FA) was performed in a
vibriting ring elements mill (type MN 954/3). The activated components and mixtures were desig-
nated with the letter A: APC, APC30FA, APC50FA. The optimal time of activation was determined
by monitoring the change of the specific surface in the course of grinding of PC, FA and the cement
mixtures in the period from 0 to 60 min. A time of 10 minutes was chosen.!® From the non-activated
and mechanically activated cement mixtures, standard prisms for compressive and bending strength
tests were made after 2, 7 and 28 d of setting time, then for water consumption and binding time ac-
cording to the standard testing methods (EN 197-2). Table II presents the characteristics of the acti-
vated and non-activated samples.
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The samples analyzed on a Philips X-ray diffractometer, model PW-1710, with a curved
graphite monochromator and a scintillation counter. The thermal changes of the samples were deter-
mined by differential thermal analysis (DTA) and thermogravimetry (TG) using a Netsch STA
409EP instrument. The samples were thermally treated in the temperature range from 20 to 1000 °C.

RESULTS AND DISCUSSION

As was previously stated, the problems during the hydration process of mixtures
of PC and FA are related to the deceleration of alite hydration, the insufficient belite ac-
tivity in the early hardening period and the slow rates of pozzolanic reactions. The rea-
son for the deceleration of the hydration reaction of alite in the stagnacy phase and the
late period of hydration is the generation of a layer of hydration products on the surface
of the particles, which does not permit further interior absorption.? Research related to
the activity of belite showed that the hydration activity of belite in the first 28 d is very
low, almost negligible.10 The cause of the low acivity of fly ash lies in two factors: (1)
the surface layer of the glassy phase of the fly ash particles is dense and chemically sta-
ble. This layer protects the interior part which is spongy, porous, amorphous and,
therefore, with high activity, (2) internal Si—Al glass chains are firm. The chais should
be disintegrated in order to allow activity.

TABLE II. Characteristic of the activated and non-activated cement mixtures

Characteristics APC/PC  APC30FA/PC30FA APCS50FA/PC50FA
Compressive strength/MPA
2d 24.2/6.3=3.84  16.3/2.8=5.82 20.9/1.9=11.0
7d 36.5/15.9=2.30  36.6/7.6=4.82 34.7/6.3=5.51
28d 44.6/24.2=1.84 52.6/15.7=3.35 51.3/14.7=3.44
Setting time/h
Start 0.2/4.00 0.2/7.20 0.4/4.45
End 1.0/5.15 1.0/9.30 2.16/8.35
Water consumption/% 30.0/27.00 31.6/36.00 32.0/37.00
Specific surface area, By BLEIN/cm? g7!  4635/2427 7535/2978 7852/2780

The increase in the hydration rate of the cement mixture (PC+FA) mechanical
activation can be summed up through the following effects:

* Acceleration of alite hydration;

* An increase in the early belite hydration. The research of Zhong et al.10
showed that the hydration rate of belite rapidly increases after mechanical activa-
tion. This refers particularly to the early hardening period. The research also dem-
onstrated that particle size reduction lasting longer than optimal leads particle
enlargement and a reduction in the free surface energy. This confirms that the free
surface energy is one of the main factors of the increase of belite hydration. The in-
creased early hydration of belite results in an increase of the pH value due to the
creation of a larger number of moles of Ca(OH),.
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* Anincrease in the fly ash activity. The increased concentration of (OH)~ions
due to the increased amount of hydration of alite and belite results in the destruc-
tion of the outer layer which prevents an early onset of the pozzolanic reactions.10
The Si—Al chains inside the particles of FA are broken and a large number of active
groups participating in the pozzolanic reactions is formed. (Equations (3-6))
which is presented in Fig. 2.

The structure of the cement paste setting can be connected with the number of
links between the cement particles. (Fig. 3a).”

As has already been stated, in the nucleation period, C—S—H, C-Al-H and Ca(OH),
are grouped around the fly ash particles, which act as crystallization centers (Fig. 3b).

As for the activated material, due to the increase of the free surface energy, an in-
creased number of links between the activated Portland cement (APC) particles. The
activated particles of fly ash (AFA), through the formed active groups, facilitate the
estabilishment of a high number of links with the Portland cement particles (Fig. 3c).?
Such a structure results in an increase of the mechanical characteristics of the mixture.

1oHY |

t\i\c’”- Fig. 2. Mechanism of the activation of fly
ash particles.

Fig. 3. Mechanism of the hydration of non-activated and activated mixtures of PC+FA.

On the basis of the experimental results presented in Table II, it may be ob-
served that the compressive strength of the cement mixtures decreases with in-
creasing fly ash content. The compressive strength of the non-activated mixtures



HYDRATION OF MIXTURE OF PORTLAND CEMENT AND FLY ASH 597

was always lower than the compressive strength of the pure Portland cement re-
gardless of the mixture composition.

Since fly ash has a lower reactivity than Portland cement, its presence in the
mixture negatively affects the early compressive strength.

To confirm the action of mechanical activation on the hydration capacity of
the mixture of PC and FA, the compressive strength of the activated and non-acti-
vated mixtures with 30 % and 50 % of fly ash content were observed, as well as the
compressive strength of the activate and non-activated Portland cement. In Fig. 4 it
can be seen that mechanical activation of PC, PC30FA and PC50FA, resulted in an
improvement of the hydration process because the compressive strength in all
three cases was significantly (up to 11 times in the earliest period).
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Fig. 4. Compressive strength of the activated and non-activated samles.

Mechanical activation leads to an increase of the specific surface area (Table
IT) i.e., to an increase of the active surface which can participate in the hydration re-
actions during the binding and hardening processes. However, apart form the in-
crease of the specific surface area during mechanical activation, a structural
change in the surface occurs. These changes lead to an increase of the free surface
energy, i.e., to increases in the reactivity of the fly ash and clinker particles in the
hydration reactions and consequently in the pozzolanic reactions. The kinetics of
these reactions can be significantly changed after mechanical activation in the
sense of their acceleration, which further results in significant increases in the
compressive strength achieved after 7 and 28 d of seting.

Comparing the compressive strength of the activated and non-activated Port-
land cement it may be observed that mechanical activation affects an imipro-
vement in the compressive strength characteristics, by several times (Table II). In
the earliest period of setting, this ratio is almost 4 (24.2/6.3 = 3.84), and with pas-
sage of the setting time it drops to 36.5/15.9=2.3, that is, 44.6/24.2=1.84. It is obvi-
ous that this increase was not caused only by the increase of the specific surface
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area. The increase in the PC activity was caused either due to an acceleration of
alite hydration, or to an increase in the early belite hydration, or both. With the ce-
ment mixtures, the influence of mechanical activation was even higher (APC30FA,
with a setting time: 16.3/2.8=5.82; 36.6/7.6=4.82; 52.6/15.7=3.35; APC50FA:
20.9/1.9=11.00; 34.7/6.3=5.51; 51.3/14.7=3.49), which indicates a significant in-
crease of the fly ash activity. It is indicative that the increase is the highest in the
earliest period of setting, for the mixture with the highest content of FA (50 % of
FA). The pozzolanic reactions were accelerated.

The thesis of the increased activity of the cement mixtures after mechanical
activation was confirmed by the increased rate of binding of the cement mixtures,
i.e., a decrease of the start and termination time of the setting of the cement
mixtures (Table II).

Comparing the start and termination setting time of the activated and non-acti-
vated mixtures and activated and non-activated Portland cement, if can be ob-
served that the shotening of the starting and termination time of setting is the most
prominent with the mixtures with 30 % of FA.

XRD, DTA and TGA study of hydration

XRD Analysis. Arelative indicator of changes at the level of the crystal lattice
of the minerals of PC and cement mixtures can be the change in the intensity of the
diffraction maxima. Diffractograms of the non-activated and activated samples of
Portland cement as well as of the cement mixtures with different mass contents of
fly ash (30 % and 50 %), are presented in Figs. 5, 6 and 7.
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Fig. 5. X-Ray diffractograms of (a) PC and (b) APC samples powders.

From 5a and 5b, it can be observed that the maximum of alite was reduced,
(2.6 A) in the difractogram of activated Portland cement. The diffraction maxi-
mum of belite did not decrease (2.74 A). In the cement mixtures where the content
of ash was 30 % (Fig. 6), both alite and belite were activated (A 2.60 A, B 2.74 A).
In this mixture, a peak originating from quartz was identified (3.36 A). As this peak
was not present in the diffractogram of APC the quartz must have originate from
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the fly ash. A decrease of this diffraction maximum is evident, which indicates that
the mechanical activation of fly ash could be related to the breakage of Si—O-Si

chains.
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In the diffractogram of the mixture with the high content of fly ash (PC50FA),
the highest peaks corresponded to quartz (3.36 A and 4.28 A). (Figs. 7a and 7b).
After mechanical activation, the diffraction maximum was reduced, which indi-
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Fig. 7. X-Ray diffractograms of (a) PC50FA and (b) APC50FA samples powders.

The intensities of the diffraction maxima for the observed mineral phases in
the treated Portland cement and the cement mixtures before and after mechanical
activation, are presented in Table III.

Comparing the values of the diffraction maxima of the basic phases given by
Iy—Ia/1, it can be concluded that mechanical activation, induced changes at the
level of the microstructure of the observed phases in Portland cement and the ce-
ment mixtures. Namely, the intensity of diffraction maxima in the majority of cases
decreased, most likely at the expense of the width of the diffraction profiles. From
the previous statements, it can be concluded that due to mechanical activation of
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the treated samples, the accumulation of defects of certain phases was increased,
whish resulted in an increase of their total reactivity.

TABLE III. Intensities of the diffractiom maxima of the basic phases in PC and PC+FA before and
after mechanical activation (MA)

PC, APC PC30FA, APC30FA PC50FA, APC50FA

Intensity Intensity Intensity

Before After M Before After M Before After M

MA MA Iy MA MA Iy MA MA Iy
d value/A Iy 1 % Iy N % ) Ip %
2,60 C5S 52 36 31 40 20 50 75 49 35
2.74  C,S 16 12 25 95 86 9.5
3.05 C3A 116 93 20
3.36 Quartz 25 18 28 16 11 31 31
4.28 76 48 37 37

DTA Analysis. On the basis of DTA and TG analyses, changes in the properties
of the cement mixtures which occurred due to their mechanical activation can be
interpreted, and which cannot be perceived from X-ray analysis. The increase of
the reactivity of the activated mixtures can be proved by the decreasing melting
temperature of certain minerals and the temperatures of characteristic reactions.
The energy recived during mechanical activation leads to changes in the crystal
structure, which causes a reduction of the reaction enthalpy and, therefore, to a
reduction of the decomposition temperature.

The DTA curves of PC and the cement mixtures with a mass content of fly ash of
30 % and 50 %, before and after mechanical activation are presented in Figs. 8a and
8b, respectively. Comparing the DTA of the samples before and after mechanical acti-
vation, several differences can be seen. At the temperature of ca. 140 °C there is an
endothermal effect related to the loss of water from the gypsum. In Fig. 8b, it can be
seen that the temperature of water loss from gypsum from the mechanically activated
sample of PC50FA had decreased from 141 to 126 °C, which indicates an increased re-
activity of the sample. No changes were observed for PC and PC30FA.

The endothermal effect at 750 °C relates to the decarbonization of CaCO5 which
is present in gypsum and ash. The decrease of decomposition temperature from 769 °C
for PC30FA to 708 °C for APC30FA as well as the decrease from 765 °C for PC50FA
to 710 °C for APCS0LP indicates that cement mixtures had increased reactivity due to
mechanical activation, hence the CaCO5; decomposition process took place at lower
temperatures. The exothermal peak which relates to the combustion of the organic
components in the ash moved in the activated mixture APC30FA from 464 °C to 469
°C, and in APC50FA to 459 from 465 °C in the non-activated mixture.

On the basis of the results of the DTA analysis of the cement mixtures, it can be said
that the properties of the gypsum and fly ash were changed by mechanical activation.
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Fig. 8. DTA Analysis of samples of PC and cement mixtures of PC with 30% and 50% content of
fly ash before (a) and after (b) mechanical activation.

TG Analysis results. The results of TG analysis of the tested samples are pre-
sented in Table I'V. The loss of mass in the 0—100 °C interval relates to loss of humid-
ity from the sample. The loss of mass in the 110-220 °C interval refers to loss of wa-
ter from gypsum. It can be seen from Table IV that there is an increased loss of mass
from APC50FA from 1.47 to 3.66 % in the temperature range 110-220 °C. In the
220-550 °C interval there is an icreased loss of mass for mixture with 30 % FA from
0.65 % for non-activated mixtures to 2.51 % for activated mixtures, and for PC50FA
from 2.86 % for non-activated mixtures to 3.50 % for activated ones, which mainly
refers to loss of mass due to the combustion of organic compounds in the ash. An in-
creased loss of mass was observed in the 550-800 °C interval, which refers to decar-
bonisation of CaCOs5 from the ash. In the case of the PC30FA mixture, the value in-
creased from 2.95 to 8.97 %, and of PC50FA from 9.18 % to 11.26 %. Comparing the
difference in the loss of mass for the whole temperature interval from 0 to 1000 °C
before and after mechanical activation of the samples (APCxFA—-PCxFA), it can be
seen that the effect decreased with increasing mass content of ash in the mixture (Ta-
ble IV). This can indicate that the mechanical activation had a greater inpact on the
cement part of the mixture in relation to the fly ash.

TABLE IV. Mass loss of cement mixture PC+FA, %

0-110 110-220 220-380380-550550-800800-1000 0-1000 APCxFA-PCxFA
°C °C °C °C °C °C °C
PC30FA  0.57 1.06 0.16 0.49 2.95 +0.25 4.98
PCS50FA  1.15 1.47 0.98 1.88 9.18 +0.08 14.58
APC30FA 131 1.86 0.98 1.53 8.97 0.0 14.65 9.67
APC50FA  1.42 3.06 0.98 2.52 11.26 0.0 19.24 4.66

From the TG analysis is can be seen that mass loss in the cement mixtures in-
creased after the mechanical activation, which indicates increased reactivity.
The increased reactivity of the cement mixture which was determined by DTA
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and TG analyses influence the course of the hydration and concrete setting pro-
cesses. Namely, apart from the basic hydration reactions which occur in this case,
there are also secondary reactions, pozzolanic reactions, with the participation of
the fly ash. Since it was established that fly ash was also activated, the pozzolanic
reactions will proceed more efficiently, leading to improved final qualities of the
cement pastes, which is confirmed by the result of the testing of the mechanical
characteristics of the pastes.

CONCLUSIONS

During the process of mechanical activation of PC and FA mixtures, alite,
belite and quartz in the cement mixtures were activated. These components in the
tested samples mostly affected the direction, rate and range of the hydration
reaction process.

* The mechanical activation of Portland cement and mixtures of Portland ce-
ment with fly ash significantly influenced the increase of strength of all the tested
samples. In the earliest period of setting, the strength increase of PC was almost 4
(3.84), while it is even higher with the mixtures. Hence, for APC30FA, it was 5.82
and for APC50FA it was 11. Together with the setting time, the increase of the com-
pressive strength resulting from the mechanical activation decreased, which indi-
cates that the increase in the activity was affected by the acceleration of the alite
hydration and the increase of early hydration of belite. That the pozzolanic reac-
tions were also accelerated is indicated by the higher increase of strength for mix-
tures with higher contents of ash. Also, the starting and termination times of con-
crete binding were reduced. Namely, for APC, the start of binding was reduced
from 4 to 0.2 h and the end from 5.15 to 1 h. With the mixtures, these reductions
were even more pronounced.

* XRD Analysis confirmed that due to the mechanical activation, changes at
the structural level of the samples of PC+FA occured, primarily of alite and belite
from the Portland element, and quartz from the fly ash. Hence, for example for PC
with 50 % of fly ash, the intensity of the diffraction maximum for alite was reduced
by 35 % for belite by 9.5 % and for quartz by 37 %.

* In the DTA analysis of activated and non-activated samples of PC and mix-
tures of PC+FA, changes of certain peaks were noticed. For example, for the mix-
ture of PC with 50 % of fly ash, the peak at 765 °C, which refers to the decarboniza-
tion of CaCO5 appeared at 710 °C which can indicate an increase of the reactivity
of the fly ash and the gypsum from the Portland cement.

* TG Analysis of the activated and non-activated samples of PC and PC+FA con-
firmed the increase of the total mass loss of the activated samples, which indicates the
increased reactivity of those mixtures which had been mechanically activated.

The mechanical activation of PC+FA mixtures is an effective way of increas-
ing their hydration characteristics and increasing the early compressive strength.
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The increased reactivity of the cement mixtures after mechanical activation,
which was confirmed by XRD, DTA and TG analyses, affects the course of the
hydration and setting processes of cement pastes. Namely, apart from the basic re-
actions of alite and belite which are accelerated, the pozzolanic reactions are also
accelerated and become more efficient. Thus, the increased reactivity of the active
portion of fly ash enables the application of high concentrations of fly ash in
cement mixtures (up to 50 %).

Acknowledgements: This paper is the result of the project No. 6706 which was financed by the
Ministry of Science and Environment of the Republic of Serbia in 2005-2007.

N3BOJ

MEXAHUN3AM XNIPATALUMJE MEXAHUYKUN AKTUBPAHNX CMEIIA
ITOPTNAHI HEMEHTA NJIETERET ITEITEJTA

TOPIIAHA CTE®AHOBUWE ¥, JbYBMIIA ROJBAIINE !, KUBKO CEKYJINRZ u
CPBAH MATUJAIIEBUR2

JMIZLLLMHCKLL ¢aryaiuieini Yuusepauieiia y Huuty, Aaexcanopa Meoseoesa 14, 18000 Huw, u Zl/lncmumylﬁ 3a
eXHON0ZUJY HYKACAPHUX U OPYZUX MUHEPAAHUX cupos8uHa, Ppanute 0-Etiepe 86, 11000 Beograd

Jletehu neneo ce Moxe KOPUCTUTHU y EMEHTHUM cMelIaMa y3 oapebeHa orpanuuema.
ITpo6aem HaBeeHUX CMellla Orjlefia ce Y HEIOBOJbHO] aKTUBHOCTH uecTua LP y peakiujama
KOje Cy 3HauajHe 3a yCIOCTaB/babhe MEXaHNUKHUX KapakTepucTHKa IeMeHTa. To ce moceGHO
OJJHOCHU Ha peaklyje XujpaTaiuje. Y cieq Tora, IeMeHTHE IlacTe HacTajle MelllakbeM nemnesa
u ITopTnanyj neMeHTa UMajy Jolldje KapaKTepUCTUKE Yy OfiHOcy Ha 4uct PC, mOroToBy y
paHujeM nepuofy ouBplrhuBama. 3a eKCIIEPUMEHTE Y OBOM pajly yIoTpeOJbeHa je cMella
nopnaug uemenra (PC) u nereher nemena (LP) ca yuemhem menena og 30 % u 50 %.
Mexannuka akTHBaIija U3BefeHa je BUOpO-MIIMHY ca mpcTeHoBuMa. Llusb oBor paja je na ce
€KCIIEPUMEHTAHUM Pe3ylTaTUMa MOKaXe Ja je TOKOM Ipoleca MeXaHWYKe aKTUBaluje
cmetre PC u LP gonuio o akTuBalyje OHMX KOMIIOHEHAaTa YHyTap cMelle Koje y HajBehoj
MepH yTudy Ha IpaBal, Op3uHy U 00MM OfiBHjama peakuuja xugparanyje cmele. Ekcnepu-
MEHTAJIHU Pe3yJITaTH UCIUTUBaba UBPCTOhe HAa MPUTUCAK AaKTUBUPAHUX U HEAKTUBUPAHUX
cMellla U IPOMEHE HBUXOBUX CIENU(MUUHNX NOBPIINHA IIOKA3aJH Cy [a jé TOKOM MJIEBeHha
JOIILIO 70 MexaHmuke akTtuBanuje cmemre PC+LP. V3 pesynrat ce Buan fia je HajBehu mopact
yBpcTOhe Ha MPUTUCAK IIOCTUIHYT y PAHOM IIEpUoAy ouBputhuBama, LITO TOBOPHU O NIOO0Tb-
maHoj xuapartanuju cMele. Pesynratu XRD, DTA u TG ananu3e oka3aju ¢y ja je JOLLIO O
akTuBanyje anuta u 6enura u3 PC u gena nereher nenena.

(ITpumibeno 19. maja, pesugupano 19. cenemGpa 2006)
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