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Abstract— Alkali activation of fly ash (FA) is a chemical
process which allows the transformation of the amorphous
structure which makes up most of its particles, in compact
cementitious skeletons geopolymers are called solid materials
usually consist of a alkali hydroxide and solid precursor high
content in silicon (Si) and aluminium. This paper presents the
effect of temperature and the curing time in the alkali activation
in FA pastes with 8M NaOH, geopolymers curing was carried out
at room temperature, 60 °C and 80 °C at aged 7 14 and 21 days.
Compression tests were conducted to obtain the strength of the
geopolymer and analysis by X-ray diffraction to determine the
new phases present resulting in higher compression resistance
with higher temperature and curing time, a change was detected
in the diffractogram because new phases present in the alkaline
activation product.

.  Introduction

The concrete is a material widely used for the development
of civil works and building; between its components, cement
production has increased in the last decade of the order of 1.5
to 2.2 billion tons, producing for each ton of this material a ton
of CO2 [1-2]. Therefore, the search for new alternative
materials and friendly to the environment is a pressing need,
these materials have been grouped into so-called
supplementary cementitious materials (SCM), among which
the fly ash (FA) seem to be able to be used to produce any
comparable applications.

Advances in research aimed to achieve production with
CV established MCS called geopolymer [3], which consist of
main form of aluminosilicates, they tend to form alkali
hydroxides from its activation with the precursor base material
(CV, silica fume and blast furnace slag) [4-5]

It has been established that the activation process requires
temperature [6], and it can be decisive to ensure optimum
mechanical product with satisfactory results; however, this has
not been established or determined to be regarded as specific
and accurate process; therefore, their study is crucial to
validate and establish their affectation and involvement in the
SCM.
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n. Methodology

It was used as materials a FA from coal-fired stem power
plant of "José L6pez Portillo" located in Coahuila, Mexico,
classified as type F as specified in ASTM C618. FA as
activator, was used 8M NaOH. The mixtures were designed
with an ash/solution ratio 0.5.

The mixing process for the realization of specimens
consisted in put the FA in a plastic container and then add the
activator solution, applying a constant manual mixing until
obtaining a homogeneous mixture. The result of the mixture
was used to prepare cubic samples of 5 cm (Fig. 1a) which
were then used for compression tests in accordance with the
specifications and ages in the ASTM-C109 mortars standard,
but in this case used to pastes; mechanical compression tests
were conducted using a press INSTRON universal Units (Fig.
1b) and applying the above standard.

The cured specimens were performed ages 7, 14 and 21
days, three different curing temperatures: ambient, 60 °C and
80 °C (for the last two temperatures, the relative humidity
(RH) was 99%). To ensure constant conditions curing, the
specimens were coated with plastic wrap and then introduced
into bags sealed airtight plastic, to finally be put in sealed
aluminium containers filled with distilled water, a condition
that lasted until moments before your test.
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Figure 1. Experiment performed. a) Processing specimens, b)
Specimen ready for stripping, ¢) Unmold specimens, d) Curing
chamber, e) Compression test specimens.

Compression tests indicate the direct state of the
geopolymer, while XRD is used for the identification of new
phases formed, to observe the development of the initial
materials used when they reacted, and to determine if the
temperature influences effect favoring the formation of
hydrate crystals. For these tests, a PANalyticalX'Pert PRO
diffractometer equipped with an X-ray source which uses
CuKa radiation was used, the range of 28 used for this study
was between 5° and 90°.
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A. COMPRESSIVE STRENGTH

The test procedure presented in Figure 2. In Figure 2a), the
computer can be seen prior to the test load , the gantry to load
compressive strenght applied by a piston on a lower deck
which reacts with the upper fixed. The Figure 2b) the
provision of pre-loaded specimen is observed. Finally, in
Figure 2c), the mode of failure resulting from the specimens
studied, which was characterized by narrowing in the central
zone of the specimen, forming two cones with bases at the
ends of the faces and is presented of inclination 45 ° (plane of
maximum shear)
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Figure 2. Experiment performed, a) Placement of the specimen in the
press, b) Carrying out the experiment, c) Specimen tested.

B. XRD

In order to identify new crystalline phases present in the
diffractogram, product activation and changes the amorphous
halo, DRX is used in the base material and the geopolymeric
FA pastas. The technique was carried out on a diffractometer
equipped with a PANalyticalX'Pert PRO X-ray source CuKa
radiation testing was performed in the range 5 ° to 70 ° of 20
in steps of scanning 0.05s (Figure 3).

For the preparation of the sample a piece of geopolymers
tested in compression, which was ground in an agate mortar
until it reached the particle size of talc was used; 10 g of this
material was placed in the sample holder and then was
introduced in the X-ray diffractometer.

Figure 1 Diffractometer PANalyticalX’Pert PRO

. Results

The development of the geopolymers depends largely on
the type of FA used, its concentration, the type of alkali
activator, curing duration, the ratio of materials (silica-
aluminium), and possibly curing temperature between other
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The mechanical behaviour of geopolymers (particularly
compressive strength) reports when something goes wrong to
ages at which the gel matrix is created (curing process with
different temperatures); therefore the behaviour correlated
with this matrix microstructure can be an intuitive hypothesis,
and for which the use of XRD can help understand this
process, since it allows to discern: the existence in crystalline
formation, increasing its peaks, bands and gaps in changes in
their crystalline phases delimitation.

A. COMPRESSIVE STRENGTH

In Figure 3 the compression results obtained are presented
for the specimens cured at different temperatures and for ages
study. It can be seen that the variables GFA60°C and
GFAB80°C reach more resistance than the control variable;
Moreover, one can also say that the overall behaviour of the
variables is evolving over (more marked in the GFA80°C case)
time and the variables are more consistent over long ages, that
at early ages (anomaly to 7 days GFAG60°CRT.
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Figura 3. Compressive strength

With respect to the evolution of resistance gains due to the
temperature, in Table 1 the percentages of each variable gain
representing on the basis of study are presented to GFART; in
this, can be see that by the age of 7 days GFA80°C and
GFAB0°C C have a strength gain of 275% and 375% after 14
days 400% and 300% and at 21 days 371% and 228%
respectively.

Table 1. Comparison of resistance with reference to the control

sample.
Results MPa compressive
Geopolymers 7 days 14 days 21 days
GFAS80°C 275% 400% 371%
GFA60°C 375% 300% 228%
GFART 100% 100% 100%
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Therefore, it can be inferred that the temperature is critical
for the compression behaviour of the geopolymer, and that this
effect can be attributed to the reaction kinetic of compounds
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which develop cementitious phases in the case of alkali
activation —for the increase in temperature— [8]. Thus, it can
be said that there is a significant difference between the
geopolymers curing with high temperature and those carried
out at room temperature, since for this chemical reaction is
necessary a temperature of 35 ° C [9].

B. XRD

The crystalline phases were identified using XRD technique
for pasta to ages of 7 and 21 days (see Figure 4); also include
diffractogram without activating the CV as a reference or
change identification thereof. As shown, all variables studied
presented in the diffractograms, that with respect to the
reference, reported noticeable changes. As differentiating
parameters, shown:

1. Halo present (zone A) of the FA is 18 °to 30 °2 6
and the geopolymer about 23 ° is traversed at 40 ° 2 8 as
shown in Area C (imputed these structural changes

suffering the material forming the aluminosilicate
network).
2. For Geopolymers it present an intensity between 5 °

and 14 ° 2 6 (zone B) is when the reaction takes, is
attributed to the formation of the crystal lattice of the
crystalline phase attributed to gel.
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Figure 4. Geopolymers diffractogram.

iv. Conclusions

The Results of mechanical pastes of CV demonstrate that
polymers with higher temperature and curing time increase the
mechanical strength due to alkali activation that develops with
more effective.

Besides time and temperature, relative humidity conditions
in the initial curing processes also have an important role in
the manufacture of pasta de FA activated at the beginning. If
moisture conditions are not adequate affects the development
of the alkali activation and not is performed properly.
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The research conducted allowed to validate the feasibility
of alkali activation at room temperature of the FA, being
indispensable to the creation of geopolymer matrix is present
the decisive factor of the increase in temperature.
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