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ARTICLE INFO ABSTRACT

Article history:

Fly ashes (FA) are byproducts of electricity production from mineral coal in thermoelectric power plants.
The pozzolanic properties of FA have been utilized in various applications, including structural concrete,
yet the large part of FA is still discarded into the environment. To promote greater FA usage, this study
aims to produce a dense matrix, with mechanical properties satisfactory for civil engineering projects,
from alkali-activated fly ash-based geopolymers. Three variables were studied: the Na,O/SiO, molar ratio
(N/S0.20, N/S 0.30 and N/S 0.40); curing temperature in the first 24 h (50, 65 and 80 °C); and age (1, 7, 28,
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:fley ‘;Vsohrgz" 91 and 180 days). For this study, alkali-activated fly ash pastes and mortars were prepared. In pastes,
Alsl’(ali activation morphology was studied using scanning electron microscopy (SEM/EDS) and microstructural properties
Residues with X-ray Diffraction (XRD) analysis. Mortars were evaluated according to their mechanical perfor-

mance measured using compression strength tests. Compression strength results were analysed using
ANOVA. The results show that the N/S molar ratio plays an important role in the mechanical and morpho-
logical characteristics of geopolymers. The mortars prepared with a N/S 0.40 molar ratio had the greatest
compression strength. The analysis of paste morphology revealed that N/S 0.40 pastes had a denser

Geopolymers

appearance, which is in agreement with results of compression strength tests.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Fly ashes (FA) are byproducts of electricity generation in coal-
fired power plants. FA are classified as cementitious (CaO > 10%)
and pozzolanic (CaO < 10%) materials, and because of these proper-
ties, they are purchased by cement and concrete companies.

The southern region of Brazil has about 89% of the country’s
mineral coal reserves, which total about 28.8 billion tons. Esti-
mates indicate that these reserves are enough to generate power
for over one century [1]. Currently, coal-fired electrical power
plants generate about 2 million tons of fly ashes in the region each
year. Of this total, 20%-30% is used by cement and concrete indus-
tries in the region, and the rest is disposed of in coal strip mining
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trenches, which may cause extensive environmental damage, such
as air, soil and groundwater contamination [2,3].

Alkali-activation is a technology that opens new paths for ex-
panded use of several byproducts already traditionally used as min-
eral additives to cement, such as ground granulated blast furnace slag
(GGBFS) from steel mills that use a blast furnace to produce pig iron
[4-7], and fly ashes (FA) from coal-fired power plants [8-11].

According to Palomo et al. [12], the alkali-activation, often
called geopolymerization, is a chemical process that changes vitre-
ous structures (partially or fully amorphous and/or metastable)
into well-compacted and cementitious composites. Van Jaarsveld
et al. [13] added that polymerization requires a strongly alkaline
medium to dissolve a certain amount of silica and alumina and
to promote surface hydrolysis of the raw material particles. This
medium can be obtained using simple or combined alkaline solu-
tions, called activators. According to Roy [14], another feature of
alkaline activators is that they stimulate the latent hydraulic prop-
erties of materials used in the process.
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Hardjito and Rangan [15] have observed that geopolymers pre-
pared with a 14 M solution of NaOH showed greater resistances to
compression than the samples prepared with a 8 M solution of
NaOH, regardless of curing temperature and age. Bakharev [25]
and Hu et al. [16] have shown that the concentration of the NaOH
solution plays the most important role in the strength of alkali-
activated fly ash-based geopolymers. Palomo et al. [12], Silva and
Thaumaturgo [17] and Komnitsas et al. [18] have also observed
that the concentration of the activator has significant impact on
the resistance to compression of geopolymers. However, they have
found that there is an ideal concentration of the alkaline activator
which contributes to increase the resistance of geopolymers. Be-
yond this ideal concentration, there could be loss of the material’s
mechanical properties, due to the presence of free OH™ in the alka-
li-activated matrix, which could change the material’s geopolymer
structure. Other variables that have significant impact on the
mechanical properties of geopolymers are the curing temperature
and age. However, the influence of these variables is only signifi-
cant when the activator concentration is enough to drive the geo-
polymerization of aluminosilicates.

In that sense, this article aims to obtain a dense matrix, with
mechanical properties satisfactory for civil engineering projects,
from alkali-activated fly ash-based geopolymers. The studied pro-
cess variables were the concentration of the NaOH solution,
through Na,0/SiO, molar ratio, the curing temperature in the first
24 h and age.

2. Experimental
2.1. Materials

Fly ash used in this study was generated in a coal-fired power
plant located in southern Brazil. The fly ash used was Class F
[19], had a low calcium content, was predominantly in the vitreous
phase, and had some mullite, hematite and quartz crystalline
inclusions (Fig. 1). The chemical composition of FA was determined

using X-ray fluorescence spectrometry (Table 1). Mean ash particle
diameter was 23.74 um and surface area (Blaine) was 2700 cm?/g.
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Fig. 2 shows the morphological appearances of FA particles in
their original state. Numbers indicate sites where EDS analyses
were conducted; results are shown in Table 2.

The alkaline activator used in this study was 97% sodium
hydroxide (NaOH). The aggregate used was standard quartz sand
at 4 granulations - 1.2, 0.6, 0.3 and 0.15 mm. Each represented
25% of the small aggregate used to prepare mortars (1:3, fly ash:
aggregate), according to the NBR 7215 [20].

2.2. Methods

The methods used evaluated the effect of Na,0/SiO, molar ratio
(N/S 0.2, N/S 0.3 and N/S 0.4), curing temperature in the first 24 h
(50, 65 and 80 °C), and age (1, 7, 28, 91 and 180 days) on the
mechanical, morphological and microstructural properties of the
alkaline-activated samples.

For this purpose, alkali-activated pastes and mortars were pre-
pared. The pastes were prepared using the required water of nor-
mal consistency, according to NBR NM 43 [21]. When normal
consistency was achieved, the samples were poured into 3.0-cm-
and 5.0-cm-high plastic molds.

The mortars were prepared at 1:3 ratio (fly ash:sand; four dif-
ferent granulations), and the parameter was the consistency index
of each mortar, established at 160+ 20 mm. This index was
adopted because it ensured that the material could condense easily
in the 5.0-cm- and 10-cm-high cylindrical molds without exuda-
tion. Mortar was cast in the cylindrical molds according to NBR
7215 [20]: 4layers and 30 pestle strokes applied to each layer.
Compression strength of mortar samples for each age was calcu-
lated as the mean strength of four samples.

Pastes and mortar were cured at 50, 65 and 80 °C for 24 h and
then stored in a room at 24 + 1 °C and 50% relative humidity until
the different time points for morphological and microstructural
analyses of pastes (1, 28 and 180 days) and measurement of mortar
compression strength (1, 7, 28, 91 and 180 days). The surfaces of
the molds with paste and mortar were covered with polyethylene
film to simulate hydrothermal curing. According to Barbosa [22],
this process avoids excessive water evaporation in alkali-activated
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Fig. 1. XRD spectra of fly ash; Q = Quartz; M = Mullite; H = Hematite.
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Table 1
Chemical composition of fly ash (% of mass).

Sio, Al,03 Cao Fe,03 Na,0 TiO, MgO

K;0 S04 LR? (%) LO.IP (%) Specific mass© (g/cm?)

63.09 24.02 1.15 6.85 0.21 1.77 0.81

1.75 0.34 97.0 0.02 217

2 IR insoluble residue.
b L.O.I loss on ignition.
€ NBR NM 23 (ABNT, 2000).
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250kV.28 10000x 12.1 cinza volante

(b)

Fig. 2. Micrographs (secondary electron SEM) of fly ash in its original state: (a) spherical and non-spherical particle aggregates (4000x ); (b) detail of fly ash spherical particle

(10,000 ). Numbers indicate sites where EDS analyses were conducted.

Table 2
Semi-quantitative chemical analysis of fly ash determined by EDS; points of analysis
are shown in Fig. 2a and b.

Point Element

Content (%)

o] Al Si Ti Fe K
1 28.91 2331 44.95 0.90 - -
2 32.12 23.90 37.07 - - 0.92
3 33.73 22.07 42.86 - - 1.34
4 42.16 18.64 35.50 - 2.38 1.32

samples during thermal curing, an important step because water is
necessary for polymerization.

Table 3 shows the molar compositions to obtain normal consis-
tencies and to keep mortar consistency within the limits estab-
lished in the study methods (160 = 20 mm).

As the N/S values increased (greater NaOH concentration), the
amounts of water (w/b and H/N) necessary to ensure that the pastes
and mortars reach normal consistency and the reference consis-
tency (160 + 20 mm) decreased. This was associated with greater
fly ash particle solubilization caused by the alkaline activator,
which enabled the production of a greater amount of aluminosili-
cate gel. This gel was responsible for the greater workability of fresh
samples and for mechanical strength when the material hardened.

3. Results and analysis
3.1. Compression strength

Mean compression strength values for the N/A 0.20, 0.30 and
0.40 samples cured at 50, 65 and 80 °C in the first 24 h at different
ages are shown in Table 4.

Table 5 summarizes the results of ANOVA to evaluate the effect
of N/S molar ratio, curing temperature, age and the interaction of
these variables in the results of compression strength of alkali-acti-
vated samples. The level of significance was set at 95%. ANOVA re-
sults revealed that N/S molar ratio, curing temperature and age, as
well as the interaction of these variables, had a significant effect on
the results of compression strength of the alkali-activated samples
(Fig. 3).

At age 1 day, strength values were relatively low (between 1
and 4 MPa). From 7 days on, the mechanical performance of N/S
0.3 and N/S 0.4 samples is different from that of N/S 0.2 samples.
Results increased for the N/S 0.3 and N/S 0.4 samples up to 91
and 180 days, respectively. For the N/S 0.20 samples, mechanical
results changed very little along time. These results indicate that
fly ash samples prepared with low NaOH concentrations (N/S
0.20) do not have a satisfactory mechanical performance, as
strength values of about 2 MPa for a binder are not useful in civil
engineering. In this case, variables such as curing temperature
and age did not significantly affect the gain in compression

Table 3
Molar composition to obtain alkali-activated fly-ash pastes and mortars using NaOH solution.
Pastes and mortar Pastes® Mortars®
N/S S/A H/N w/b H/N w/b Consistency (mm)
0.20 445 16.07 0.550 18.11 0.622 174
0.30 10.34 0.502 11.64 0.566 171
0.40 747 0.458 8.51 0.522 165

N =Na,0; S =Si0,; A =Al,03; H=H,0; w/b - water/binder ratio.
2 Necessary ratios to obtain normal consistency.

b Necessary ratios to ensure that mortar consistency index was within the limits established in the study methods (160 mm * 20 mm).
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Table 4
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Mean compression strength values for the alkali-activated fly ash mortars prepared using different molar ratios and cured at one of three different temperatures in the first 24 h at

different ages.

Age (days) Mean compression strength (MPa)
N/S molar ratio
0.20 0.30 0.40
Curing temperature (°C)
50 65 80 50 65 80 50 65 80
1 0.74 0.64 0.89 2.20 1.78 3.61 0.90 1.18 2.69
7 1.76 1.59 1.31 3.01 3.63 5.53 2.40 3.15 5.25
28 2.18 1.76 1.79 9.22 8.99 11.85 8.94 9.57 13.74
91 2.20 2.06 2.23 12.41 11.67 14.30 16.26 15.32 17.69
180 2.39 1.94 1.48 12.52 12.08 14.91 19.34 19.38 21.28
Table 5 insufficient amount of aluminosilicate gel. This finding will be

Analysis of variance (ANOVA) of the effect of N/S molar ratio, curing temperature, age
and the interaction of these variables on compression strength of the alkali-activated
samples.

Factor Df QM CalF F0.05 Significance®
N/S ratio 2 81842 39798 3.10 S
Temperature 2 3329 16191 3.10 S

Age 4 463.86 2255.64 247 S

N/S ratio® temperature 4 9.80 47.67 247 S

N/S ratio® age 8 109.25 53127 204 S
Temperature? age 8 1.01 495 204 S

N/S ratio® temperature® age 16 0.62 303 176 S

Error 87 0.206

Df: Degree of freedom, S: Significant, QM: Quadratic mean, NS: Not significant, CalF:
Calculated value of F, F0.05: Table value for F at a level of significance of 95%.
¢ Significance: CalF > F0.05 = S, CalF < F0.05 = NS.

strength of the N/S 0.20 mortars. The low mechanical performance
of these mortars was due to insufficient attack to FA and,
consequently, inadequate FA solubilization and formation of an

evaluated in the microstructural description of the alkali-activated
pastes, as shown in Fig. 5.

At the same time, there was greater interaction between NaOH
and FA for the N/S molar ratio of 0.40 at later ages (91 an 180 days)
(Fig. 3). This means that age will more effectively affect the gain in
compression strength of samples that have higher N/S ratios. In
this case, it was from 28 days on that the mechanical performance
of the N/S 0.40 samples stood out when compared to N/S 0.30 sam-
ples. For example, between 28 and 180 days, the significant mean
increase in strength values of N/S 0.40 samples cured at 80 °C/24 h
was 55%, whereas the N/S 0.30 samples, cured at the same temper-
ature, had an increase of 25%.

The FA is composed of plerospheres, inside which the micro-
spheres are found. To ensure that the alkaline activator comes in
contact with the microspheres, and that polycondensation occurs,
it is first necessary to break the plerospheres, as can be seen in
Fig. 4 [23]. The alkaline activator reached the cenospheres only
after the partial dissolution of the external layer of the plerosphere,
which demonstrates that the polymerization of the plerosphere
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Fig. 3. Effect of interaction between age, curing temperature and Na,0/SiO, (N/S) molar ratio in compression strength (MPa) of the alkali-activated mortars.
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Fig. 5. Micrographs (SEM) of N/S 0.20 paste cured at 80 °C/24 h at: (a) 1 day; (c) 28 days; (e) 180 days. Micrographs (SEM) of N/S 0.40 paste cured at 80 °C/24 h at: (b) 1 day;
(d) 28 days; (f) 180 days. Images (a) and (b) magnified to 2000x; (c), (d), (e) and (f) to 1000x. Numbers in figures indicate EDS images.

structures occurs from the outside to the inside, where the micro-
spheres are attacked. These findings are in agreement with the
model of FA alkali-activation described by Ferndndez-Jiménez
etal [11].

This explains the gain in strength that is seen along time in the
alkali-activated samples, particularly between 7 and 28 days. The
reaction of these microspheres generated extra reaction products,
which packed up the microstructure and generated a significant in-
crease in strength of about 161% in this time interval for the N/S
4.0 samples cured at 80 °C/24 h.

Still according to Fig. 3, curing temperatures affected compres-
sion strengths of N/S 0.30 and N/S 0.40 samples. Regardless of age,
samples cured at 80 °C/24 h had the best compression strength re-
sults. Therefore, high curing temperatures resulted in a more effi-
cient alkaline attack to FA. However, at later ages, there was a
reduction in the difference in mean compression strength values
between samples cured at 80°C/24 h and those cured at lower
temperatures (50 or 65 °C). For example, at 1, 28 and 180 days,
the difference in mean compression strength between N/S

0.40 samples cured at 50°C and N/S 0.40 cured at 80°C was
198% (0.90 MPa and 2.69 MPa), 54% (8.94 MPa and 13.74 MPa)
and 10% (19.34 MPA and 21.28 MPa), respectively. Therefore, tem-
perature increases are important for faster gain in strength when
the goal is higher strengths in short periods of time.

The Fisher analysis of the results of N/S 0.30 and N/S 0.40 sam-
ples did not reveal any significant increase in compression strength
when curing temperature increased from 50 to 65 °C. This can be
seen in Fig. 3, in which the results of compression strength are very
close and always within the limits of the error bar, regardless of
age. There was no unusual gain in strength for the samples cured
at these temperatures. Temperature, therefore, had a significant ef-
fect on the N/S 0.30 and N/S 0.40 samples only at 80 °C in this
study.

Based on the explanations above, we concluded that age, curing
temperature and N/S molar ratio are the variables that significantly
affected compression strength of the alkali-activated samples only
for those samples in which aluminosilicate gel formation was
effectively found (N/S 0.30 and N/S 0.40 samples). We also found
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Fig. 4. Morphological appearance of an alkali-activated fly ash paste at 28 days; (a) partially solubilized plerospheres, and a view of microspheres inside them; (b) appearance
of the external layer of the microsphere attacked by the alkaline activator. Region highlighted in Fig. 4a.

that there was a strong association between these variables, partic-
ularly between age and N/S molar ratio. For those samples in which
aluminosilicate gel formation was deficient (N/S 0.20) or even
absent, temperature and age were not important in the alkali-
activation technology.

Therefore, the best mechanical performance was found for the
N/S 0.40 alkali-activated samples cured at 80 °C/24 h at 180 days.

The conditions described are not necessarily ideal for other
studies that may use alkali-activation because variables, such as
raw materials, curing conditions, age (curing time), type and con-
centration of activator, will significantly affect the physical and
mechanical properties of the end product. In addition, these vari-
ables are interdependent, which may make both performance
and control more difficult.

3.2. Phase composition of fly ash pastes

Fig. 5a, c and e shows micrographs of the fracture surface of N/S
0.20 pastes cured at 80 °C/24 h at 1, 28 and 180 days. The analysis
of the morphology of the paste revealed that, in general, the matrix
contains only aggregated and practically intact FA particles after
their contact with the alkaline activator even at 180 days. This
demonstrates that a molar ratio of N/S 0.20 was not enough to pro-
duce an attack to FA particles, which prevented the production of
aluminosilicate gel. The microstructural behavior of the matrix of
the N/S 0.20 sample, regardless of curing temperature and age, is
in agreement with its macrostructural behavior (compression
strength) shown in Fig. 3. There was no significant gain in strength
when age and curing temperature changed. Such results indicate
that these variables become unimportant when the alkaline activa-
tor concentration is not high enough to cause the solubilization of
fly ash particles and, later, the formation of aluminosilicate gel.
Crystalline formations were found in the alkali-activated paste at
28 days, as shown in Fig. 5c.

Table 6 shows EDS results and EDS points of analysis are shown
in Fig. 5a and c. Point 1 indicates the chemical analysis of an FA
particle (Fig. 5a), which contains 3.42% Na and an Si/Al atomic ratio
of 1.27. This value is close to the interval calculated for the Si/Al ra-
tio obtained with the original FA (1.30-1.55; Table 2), which con-
firmed the low dissolution of this paste when the N/S 0.20 molar
ratio was used.

At points 2, 3 and 4, Na contents were greater than the value
found in point 1. The sodium aluminosilicate phases formed at
these points, and this indicates that alkali-activation took place
at different points of the matrix. It is not ruled out, however, that
these formations might indicate the presence of carbonates. These

Table 6
EDS (semi-quantitative) chemical analysis of N/S 0.20 paste cured at 80 °C/24 h at 1
and 28 days. Points of analysis are shown in Fig. 5a and c.

Point Figure Element

Content (%)

0 Na Al Si
1 5a 32.13 3.42 27.68 36.78
2 5¢ 28.08 16.01 17.41 38.51
3 42.70 15.53 15.27 26.50
4 38.35 13.29 15.00 3335

compounds may coexist in the same region around an attacked
particle, as might be the case of the particle shown in Fig. 5c. The
formation of carbonates in these matrices was confirmed also
using XRD analysis (Fig. 6).

Therefore, the N/S 0.20 molar ratio was not ideal for the alkali-
activation of fly ashes used in this study, regardless of the curing
temperature and age, because our purpose was to obtain a dense
matrix with mechanical properties satisfactory for civil
engineering.

Fig. 5b, d and f shows the characteristic microstructures of the
N/S 0.40 paste cured at 80°C/24 h at 1, 28 and 180 days. Table 7
shows the results of the EDS semi-quantitative chemical analysis
of this sample at 1 and 180 days.

The microstructure of the N/S 0.40 sample at 1 day had a high
degree of solubilization of FA particles, but also multiple microfis-
sures. The EDS results in Table 7 show that the region in which a
larger number of FA particles were seen had a Si/Al atomic ratio
close to 1.41 (points 2 and 3, Fig. 5b), and the one that was more
solubilized had a value of 2.31 (point 1, Fig. 5b).

Fig. 5f shows the formation of the Na-rich crystalline phase in
the 180-day-old sample, according to the chemical analysis in Ta-
ble 7. XRD results, presented in this study, revealed the formation
of carbonated compounds.

These carbonate phases did not affect the mechanical perfor-
mance of mortars negatively. On the contrary, a significant gain
in compression strength of about 55% was found at 28 and
180 days.

Therefore, age was associated with visible changes in the micro-
structure of the N/S 0.40 sample, and crystalline compounds
formed along time. Moreover, microfissures were usually seen in
the alkali-activated matrices. A similar behavior was reported by
Ferndndez-Jiménez et al. [24] in a study with AAFA pastes. Accord-
ing to those authors, the origin of microfissures might be associ-
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Fig. 6. XRD spectra (a) un-reacted fly ash; N/S 0.20 24 h at 80 °C (b) 1 day, (c) 28 days, (d) 180 days; N/S 0.40 24 h at 80 °C (e) 1 day, (f) 28 days, (g) 180 days; Q = Quartz;

M = Mullite; H = Hematite; N = Nacolite; Na = Natrite; T = Trone; A = albite; Nt = Natron.

Table 7
EDS semi-quantitative chemical analysis of alkali-activated fly ash paste at 1 and 180
days: N/S 0.40 cured at 80 °C/24. Points of analysis are shown in Figs. 5b and f.

Point Figure Element (%)

(o] Na Al Si
1 5b 47.96 10.65 12.13 29.26
2 5b 34.98 7.23 23.54 34.25
3 5b 39.13 10.87 20.01 29.98
4 5f 24.50 18.47 23.59 33.45
5 5f 30.28 28.77 15.92 25.03

ated with some factors, such as: thermal curing; retraction due to
vacuum drying in SEM; or even the interaction between these two
variables. Silva and Thaumaturgo [17] also found that alkali-
activated GGBFS/MK-based pastes had microfissures in the matrix,
similarly to those seen in alkali-activated fly ash (AAFA) pastes.
According to those authors, the addition of mineral fillers or fibers
substantially improved the physical and mechanical properties of
the composite.

Microfissures were more easily detected in the samples with
greater solubilization (N/S 0.40 samples) than in the samples in
which FA dissolution was partial (N/S 0.20 samples). Although
microfissures were found in the alkali-activated matrix, together
with the formation of crystalline compounds, there was no reduc-
tion in compression strength along time.

3.3. XRD

Fig. 6 shows the XRD spectra of un-reacted fly ash (a) and alkali-
activated pastes prepared with N/S 0.20 and N/S 0.40 molar ratio,
cured at a temperature of 80 °C/24 h, and analysed at 1, 28 and
180 days.

The spectra of N/S 0.40 samples at 1 day (e) showed crystalline
peaks characteristics of nahcolite (NaHCOs3), natrite (Na,CO3) and
albite (NaAlSi3Og). A comparison with spectra of N/S 0.20 samples
at 1 day (b) revealed that there was an effect on the rate of reac-
tions of the alkali-activated pastes with the increase of the molar
ratio, and only the trona phase was detected at 1 day for the N/S
0.20 samples.

As the age of N/S 0.40 samples increased, new crystalline
phases formed. For example, at 28 days (f), trona was detected

(NasH(C0s3),-2H,0), and at 180 days(g), natron (Na,CO3-H,0). These
results are in agreement with SEM/EDS micrographs (Fig. 5f) which
found acicular crystalline formations in N/S 0.40 samples.

The original FA (a) crystalline peaks of quartz, mullite and
hematite were also found in the N/S 0.40 samples. However, these
peaks tended to lose intensity along time. This finding apparently
suggests that reactions disorganized the structure of the crystalline
phases of the FA particles (quartz, mullite and hematite) produced
by the alkaline activator as the age of the activated pastes in-
creased. This behavior was not observed in the spectra of the N/S
0.20 samples. As described, there was not enough solubilization
of the FA particles in these samples.

However, in addition to changing the reaction velocity with the
increase of the alkaline activator (NaOH) concentration, there was
also an increase in the number of crystalline compounds at 1 day in
the N/S 0.40 samples, which demonstrated an effect on the forma-
tion of new crystalline compounds (albite and natron) in these
samples, not detected in the N/S 0.20 samples.

The detection of crystalline compounds in the AAFA samples,
particularly those common to FA (quartz, mullite and hematite)
is in agreement with the results reported by Bakharev [25], Ferna-
ndez-Jiménez et al. [26], and Criado et al. [27] in AAFA pastes.

4. Conclusions

This study has shown that the N/S molar ratio played the most
important role in resistance to compression, in the morphology
and microstructure of alkali-activated fly ash-based geopolymers.
Temperature and age only affected the gain in strength in alkali-
activated fly ash samples when there was formation of aluminosil-
icate gel in the alkali-activated matrix. The N/S 0.40 molar ratio
sample was the one that yielded the greatest compression strength
for mortars and denser morphology in geopolymer pastes.

As the N/S molar ratio increased (greater concentration of
NaOH), the amounts of water necessary to ensure that the pastes
and mortars reach normal consistency and the reference consis-
tency decreased. This was associated with greater fly ash particle
solubilization caused by the alkaline activator, which enabled the
production of a greater amount of aluminosilicate gel. This gel
was responsible for the greater workability of fresh samples and
for mechanical strength when the material hardened.
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The XRD spectra revealed original crystalline phases of fly ash -
quartz, mullite and hematite — and crystalline phases containing
CO; and Na in all samples, regardless of the other variables under
study. However, a trend towards intensity reduction of the crystal-
line peaks of quartz, mullite and hematite was observed at later
ages for the N/S 0.40 samples. Apparently, some reactions promote
a structural disorganization of the crystalline phases of the FA par-
ticles in consequence of the alkaline medium produced by the
NaOH activator.
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