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Characterization of sugarcane bagasse ash (SBA)
and its evaluation for use in alkali-activated slag mixtures
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Abstract

This work proposed to incorporate the sugarcane bagasse ash (SBA) with a high content of organic matter (loss on ignition of
35.87%) in alkali-activated mixtures with blast furnace slag. After grinding SBA, replacement ratios of 10%, 20%, and 30% of the
ground ash were used for the flowability evaluation. The mixtures containing 20% and 30% showed a dry consistency, then only the
mixture with 10% of slag was used for the other tests. The use of an air-entraining admixture led to an improvement in the flowability
of the alkali-activated mixtures. X-ray diffraction results showed that both SBA and the air-entraining admixture did not interfere in
the mineralogical composition of the hydrated products. However, the use of SBA led to a decrease in the compressive strength of
about 20% to 28%. In conclusion, SBA proved to be viable for use in alkali-activated mixtures considering its effect on mechanical

performance.
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INTRODUCTION

Due to the growing concern of society with environmental
issues, the adoption of low environmental impact technology
solutions is a worldwide trend. Within this context is the
construction industry, which has a remarkable consumption
of natural and manufactured resources. Cement, the most
consumed product in this industry, was responsible for the
emission of 7% of the CO, generated worldwide in 2017
[1]. One of the solutions adopted for the reduction of
CO, generation is the use of supplementary cementitious
materials, which include mineral admixtures as metakaolin,
fly ash, silica fume, limestone filler, and blast furnace slag.
These materials are characterized by their low environmental
impact and increasing usage in civil construction [2]. They
can be used either as a partial replacement for Portland
cement or as a full replacement when employed as alkali-
activated binders (AABs) [3, 4]. AABs are characterized as
materials that have dissolution capacity and subsequently
produce resistant products only when activated by an
alkaline solution. Generally, the alkaline activators are
solutions composed of sodium hydroxide and sodium
silicate. Depending on the intrinsic alkalinity of the material
and its amorphous material content, the dosage of the
alkaline solution is studied to obtain compressive strength
values compatible with those generally obtained in Portland
cement products. As a rule, the higher the alkalinity of
the material, the less alkaline the solution required for its
activation. The alkalinity of materials can be measured by
several equations, such as Eq. A [5], where the material is
considered alkaline when A>1. Regarding crystallinity, the
higher the amorphous content, the greater the potential of
this material for activation.
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Taking into account the factors explained above, it can
be said that calcium-rich materials, such as blast furnace
slag (BFS), have greater potential for use as AAB, and their
use for this purpose has been occurring since the 1960s in
the extinct Soviet Union [6]. However, the main problems
that make the use of large-scale activated slag unfeasible
are its rapid loss of flowability and its intense autogenous
and drying shrinkage. Not yet exist in the literature [7, 8]
an admixture that can be used in sodium silicate activated
BFS, such as solutions that succeed in delaying setting time
or shrinking without reducing the mechanical performance
of the hardened mixture. Regarding shrinkage, partial
replacement of BFS by less reactive alkaline materials, such
as pozzolans, may help mitigate this problem, but may also
be responsible for decreasing the mechanical performance
[9, 10]. The most common pozzolans for alkaline activation
are metakaolin and fly ash, which are often used either as
a partial replacement for BFS or as binary mixtures with
each other [11-18]. The main product resulting from the
chemical activation of BFS is the C-(A)-S-H gel, whereas in
calcium-poor materials K,N-(A)-S-H gel and zeolites with
similar chemical compositions are formed. C-(A)-S-H has
a structure similar to that of reasonably polymerized 14 A
tobermorite, while K,N-(A)-S-H has a more polymerized
and cross-linked structure forming macromolecules [19].
Because of this feature, K,N-(A)-S-H gel-forming AABs are
often referred to in the literature as ‘geopolymers’.

One group of materials with potential for use as
supplementary cementitious material is composed of the
ashes from vegetable waste. These include the ashes of
rice husk, wheat, sugarcane bagasse, and sugarcane straw
[20]. These materials are characterized by the presence of
at least 50% of silica in their chemical composition and
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may reach 90% as in the case of rice husk ash. Part of this
silica, however, may be crystalline or amorphous, depending
on the conditions under which these materials are burned.
Sugarcane bagasse ash (SBA) is obtained by burning the
bagasse in a power plant boiler, where the temperature can
vary between 300 and 900 °C [21-23]. Due to the lack of
control of the burning temperature, SBA may come out of the
boiler with an organic matter content ranging from 17% to
32% [24-28], decreasing its potential for use as pozzolan or
alkaline activation. Controlled processes such as calcination
and grinding can improve SBA performance, however,
require a reasonable cost for large scale application. The
recycling of SBA and its use in ceramic materials are widely
discussed in the literature [23, 26, 27, 29-36]. This waste
has a limited capacity to be reutilized in the sugarcane
production cycle, due to its low alkalinity (to correct the
soil pH) [37]. Therefore, it is important to study sustainable
ways to dispose of this material and how to aggregate value
to this waste. In this context, it is proposed to evaluate the
incorporation of sugarcane bagasse ash in alkali-activated
mixes to aggregate value to this waste. Research on alkaline
activation, in general, used ash with low organic matter
content [38-40]. This research, however, aimed to use ash
with a high organic matter content and grinding as the only
processing employed.

EXPERIMENTAL

At first, the physical, chemical, and mineralogical
characterization of the materials was carried out. Then,
flowability tests were performed in two steps. First, the mini-
slump tests showed the feasibility to prepare pastes with
10%,20% ,and 30% of SBA. After, the use of admixtures was
tested in the mixtures. Lastly, tests on hardened pastes and
mortars presented their hydrated products and mechanical
performance.

Materials characterization: blast furnace slag (BFS) was
provided by a steel mill located in the metropolitan region of
Vitéria-ES, Brazil, and the raw SBA (R-SBA) was collected
at a sugar and alcohol plant in the Zona da Mata Norte region
of Pernambuco, Brazil. Fig. 1 shows photos of the materials
used. The R-SBA was ground using an alumina ball mill
until the specific surface area (Blaine) of approximately
1000 m2.kg"' was reached. After processing, the ground SBA
was named G-SBA. R-SBA was not employed in this work
due to its high water absorption and coarse granulometry,
which would make it impossible for the pastes to flow. The
physical characterization of solid materials was performed
by specific mass test (ABNT NBR 16605:2017 standard
[41]), laser granulometry (Fig. 2), and Blaine fineness
(ABNT NBR 16372:2015 standard [42]). The specific mass
test was performed using a Le Chatelier flask. The particle
size of the materials was analyzed by a laser granulometry
test (Matersizer 2000, Malvern Instr.). The Blaine fineness
was measured by an air permeability apparatus and along
the laser granulometry test allowed a better comprehension
of the particle size of the materials. Table I shows the

main results obtained in the physical characterization. For
the chemical and mineralogical characterizations, X-ray
fluorescence spectroscopy (XRF, Table 1), X-ray diffraction
(XRD, Fig. 3), and thermogravimetric analysis (TGA) were
employed. XRF was carried out with a spectrometer (RIX
3000, Rigaku). For the XRD, it was utilized a diffractometer
(D2 Phaser, Bruker) with Cu anode operated at 10 mA and

a) b) c)

Figure 1: Photos of: a) blast furnace slag (BFS); b) raw sugarcane
bagasse ash (R-SBA); and c) ground SBA (G-SBA).
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Figure 2: Cumulative and discrete particle size distribution curves
of raw and ground SBA, and BFS.
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Table I - Physical properties of the utilized materials.

Property R-SBA G-SBA  BFS
Blaine fineness (m%*kg) 252 981 485
Specific gravity (g/cm?) 2.17 2.18 2.79
d,, (wm) 9991 7.49 12.33
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Figure 3: X-ray diffractograms of G-SBA and BFS showing peaks
of quartz (Q), microcline (M), albite (A), calcite (C), merwinite
(W), and akermanite (K).
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Table II - Chemical compositions (wt%) of G-SBA and BFS.

Oxide G-SBA BFS
SiO, 5642 37.73
ALO, 1.96 10.91
Fe 0, 105 0.38
CaO 0.94 42.00
MgO 0.84 6.04
K0 162 0.46
Na,O 0.56 0.40
TiO, 021 0.52
SO, 007 033
LOI 35.87 1.24
LOI - loss on ignition.
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Figure 4: Curves of thermogravimetric analysis of BFS and SBA.

30 kV. The parameters used in this test were: goniometer
rotation at 10 rpm; speed scan of 5.1 °.min'; and 0.5 s of
time per step. TGA was performed with a thermal analyzer
(STA 449F3, Netzsch) with a heating rate of 10 °C.min’
(Fig. 4). This test provided information on materials that
presented gas release due to calcination in the range between
30 and 1000 °C.

Flowability test: primarily, the feasibility to replace 10%,
20%, and 30% (in volume) of BFS by SBA was studied.
At this stage, the consistency of the mixtures was assessed
visually. The tests showed that mixtures with 20% and 30%
of SBA showed a dry consistency, like ‘crumbs’, therefore
these contents were discarded for the next tests. The mixtures
with 10% BFS showed a suitable consistency, however, the
paste with the ratio water/binder w/b=0.28 (S90A10-28) did
not flow from the beaker. Hence, the liquid admixtures were
employed aiming to improve the consistency of the pastes,
because even the paste with no slag (S100-28) presented a
quick loss of flowability. Then, the flowability of the pastes
was analyzed utilizing the mini-slump test. This is a quick
and easy test to assay the consistency of fresh pastes and
the influence of admixtures on the flowability [43]. It is

commonly used as an alternative to the Marsh funnel test [44,
45], which uses a larger amount of material. The procedure
adopted in this test was the same as suggested in [46]. In
summary, the pastes were prepared in a beaker, and after the
mixing was finished, the samples were cast in a mini-cone
supported on a glass plate. After removing the mini-cone, the
samples spread in a circular shape, and then the spreading
diameter was measured. The final diameter was considered
as the average of two perpendicular measurements.

The solution used for alkaline activation was a sodium
silicate with silica modulus (Si0,/Na,O ratio) of 1.7. The
dosage used for silicate was ‘4NS’ [47], which sets the
percentages of alkaline activator Na,O and SiO, at 4.5%
and 7.65%, respectively, relative to the total binder mass.
Melo Neto [48] described this dosage as the one that results
in the highest values of compressive strength aiming at the
alkaline activation of the slag with sodium silicate. Besides,
this silicate dosage has been also used by Aradjo Jinior [49],
which obtained concrete with a compressive strength greater
than 100 MPa. The total binder considered in the dosage was
the sum of BES, CBC, and the solids of the sodium silicate
solution. Two water/binder ratios were selected: 0.28 and
0.40. The purpose of this choice was to obtain mortars with
different classes of compressive strength.

Aiming to improve the flowability of the mixtures,
two admixtures were tested: a polycarboxylate-based
superplasticizer (SP) and a sulfated salt-based air-entraining
(AE). The superplasticizers are widely employed in cement-
based mortar and concrete; however, researchers have
divergent conclusions about their effect in alkali-activated
mixes [44,50-52]. The AE admixture is employed mainly in
cement-based mortars to increase the air-entrained content
and improve the consistency of the mortars. Nevertheless,
its effect is not well known in alkali-activated mixes. Due
to the known quick loss of workability of alkali-activated
mixtures, the hypothesis was that SP or AE could be used
as a hydration retarder or as a flowability improver. In
cement-based materials, the dosage of superplasticizer is
generally at most 1% (the dosage of admixtures is presented
as the percentage, in mass, of the total amount of binder).
However, in preliminary tests, it was observed that this
dosage had no effect in alkali-activated mixtures. Therefore,
dosages from 2% were used. On the other hand, the air-
entraining admixture worked with dosages up to 1%; then,
this dosage was used. The admixture with a better influence
on flowability was selected for the preparation of pastes and
mortars for the later tests. In the end, the variables were:
the water/binder ratio (0.28 and 0.40), the type of admixture
(SP and AE), the content of SBA (0 and 10%), and the
dosage of admixture. In this last variable, the contents of
admixture were: 0.5% and 1.0% for AE and 2.0% for SP.
In addition, a combination of 4.0% SP and 0.5% AE were
tested to evaluate concomitantly the performance of these
two admixtures and the overdosage of SP. The mixtures
were named according to the contents of BFS (S) and
G-SBA (A) in volume, water/binder ratio (28 for 0.28 and
40 for 0.40), and the type and content of the admixture. For
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example, the mixture S90A10-40AE1.0 corresponded to a
paste with 90% slag and 10% SBA, a water/binder ratio of
0.40, and 1.0% AE.

Hardened state tests: the variations in the paste and
mortar mix design were the volume substitution content
of BFS by G-SBA in 0 and 10% and the water/binder ratio
of 0.28 and 0.40. The incorporation of air in 1.0% had the
greatest influence on the fluidity of the paste and, therefore,
this variation was included in the experimental program.
Finally, 8 pastes for X-ray diffraction (XRD), and 8 mortar
mixtures for compressive strength and ultrasound tests were
prepared. The nomenclature type used was the same as
for the mini-cone tests. The hydration stoppage employed
submersion of the samples in liquid nitrogen at the ages of
3 and 7 days of hydration. Subsequently, the samples were
freeze-dried at -59 °C and then stored in a desiccator. The
grinding of the pastes was performed with a laboratory mill,
and the samples passing through sieve n° 200 were separated
for the XRD test. The parameters of this test were the same
as those used for material characterization. Lastly, mortars
were prepared for the compressive strength and ultrasound
tests with the ratios of 1:1 cement:sand for w/b=0.28 and
1:2 cement:sand for w/b=0.40. The compression test was
performed on $5x10 cm cylindrical specimens, as prescribed
by ABNT NBR 7215:2019 standard [53], at the ages of 3
and 7 days. The testing machine used (AGX-V, Shimadzu)
had a maximum load capacity of 300 kN.

RESULTS AND DISCUSSION

Physical, chemical, and mineralogical properties of BFS
and SBA: in general, the properties of BFS were similar to
those found in the literature [5, 46, 54]. The BFS alkalinity
(A), according to Eq. A [5], resulted in a value of 1.27;
therefore, the BFS used in this research can be considered
as basic. Regarding mineralogical composition, calcite
(CaCO,, PDF 03-089-1305), akermanite [Ca,Mg(Si,0.),
PDF 03-076-0841], and merwinite [Ca,Mg(SiO,),, PDF
03-035-0591] were present, in addition to the characteristic

120 I‘

40

Spread (mm)
(o]
o

5 7 9 M1 13 15 17 19.21
Time (min)
- -+ - S100-28SP2.0

—&— S5100-28SP4.0+AE0.5
~—4&--890A10-28AE1.0

- $100-28
- S100-28AE0.5
~S100-28AE1.0

amorphous halo. Merwinite is considered a non-hydraulic
mineral [55], however, its presence up to 5% of the total
slag composition is associated with a reactive slag with high
compressive strength results [56, 57]. Calcite is a product of
slag carbonation, which mechanism is not yet well known,
because unlike Portland cement-based products, calcium
hydroxide (portlandite) hardly forms in the hydration
reactions of activated slag. A problem with the appearance
of calcite in XRD analysis in the pastes is due to the position
of its peak, around 29.6° (20), which generally coincides
with the C-S-H peak. In the TGA curves (Fig. 4), peaks
were observed at 659 and 889 °C due to the presence of
carbonates [58].

Through the characterization of SBAs, there was a
noticeable increase in the fineness of the ash after grinding.
In addition to the change in the particle size distribution
curves shown in Fig. 2, the average diameter (d, ) decreased
from 99.91 to 7.49 um (Table I). The chemical composition
(Table II) showed a loss on ignition of 35.87%, a value
above the range of results found in the literature [24-27].
This is an accurate indication of the incomplete burning
of the SBA, which probably must have been burned in the
boiler at a temperature in the lower level of the range of 300
to 900 °C mentioned above. The results of density presented
no significant difference between raw and ground SBA. The
mineralogical phases (Fig. 3) identified in G-SBA were:
quartz (SiO,, PDF 03-085-0794), microcline (KAISi,O,,
PDF 03-019-0932), and albite [(Na,Ca)Al(Si,Al),O,, PDF
03-041-1480]. The presence of quartz probably occurred
due to contamination of sugarcane bagasse during the crop
[32]. For use in cementitious materials, quartz is undesirable
because it reduces the content of materials with the ability
to react and form resistant products, in addition to making
grinding difficult, due to its high wear resistance [59].
Another problem with quartz is the high intensity of its
peaks, which hinders the visualization of smaller peaks. The
amorphous content measured by the software DIFFRAC.
EVA 4.5 showed the amounts of 40.1% in G-SBA and 86.1%
in BFS. TGA results (Fig. 4) showed an intense loss of mass
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Figure 5: Results from mini-slump tests of pastes with water/binder ratio of: a) 0.28; and b) 0.40.
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peaking at 60 °C, due to the loss of water from organic
matter. The calcination of the organic matter was clear due
to the loss of mass almost constant from 100 to 1000 °C.
Small variations in loss or gain of mass during calcination
also occur due to the oxidation and volatilization reactions
of organic matter [40].

Fresh state - flowability test: in the mini-slump test, the first
measurement was performed 5 min after the start of mixing,
and the subsequent measurements were performed every 5 or
10 min. It was considered as ‘zero’ when the paste did not
have enough fluidity to flow from the beaker. The results with
the ratio water/binder w/b=0.28 (Fig. 5a) showed that the
superplasticizer admixture had no effect on the mixture with
superplasticizers, even using levels of 2.0% and 4.0%, which
would be considered excessive in Portland cement-based
mixtures. This occurred due to the lack of chemical stability
of polymeric compounds based on polycarboxylate in an
alkaline medium [44, 52]. Air-entraining (AE) admixture
showed similar behavior to the others when dosed at 0.5% of
the binder mass; however, at 1.0%, it caused a slight increase
in the consistency of the paste. The incorporation of 10% of
SBA (S90A10-28) resulted in a considerable decrease in the
consistency of the pastes, making it impossible to perform the
test with w/b=0.28 due to the high viscosity. However, when
the air-entraining was added, there was an increase in fluidity,
even though initially the spreading values were below the
other mixtures in the first 5 min. Considering the w/b=0.40
(Fig. 5b), a small increase in time was observed with 1.0%
of AE. The use of 2.0% of superplasticizer also led to similar
behavior. One hypothesis for this phenomenon may have been
an increase in the w/b ratio, which resulted in a decrease in the
alkalinity of the solution. The addition of SBA without additive
led to a decrease in open time because of its intense water
absorption. As observed in the chemical composition, SBA
had a high content of organic matter, which was responsible
for retaining a high moisture content, a fact that was observed
by the intense peak at 60 °C in the TGA curve.

Hardened state tests. X-ray diffraction: XRD allowed to
analyze the influence of the incorporation of 10% of SBA
and the use of AE admixture in the formation of hydrated
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products in alkali-activated pastes. In addition to checking
if there could be any changes in hydrated products, it was
also analyzed whether there was any significant change in
the delay in the production of these products. As seen in Fig.
6, the mineralogical phases formed by the hydration of the
activated slag pastes were calcite and calcium silicate hydrate
(Ca, SiO, .xH,0, PDF 03-033-0306). At 29.5° (20), an
overlap of the C-S-H and calcite peaks was observed, which
increased in intensity from 3 days (Fig. 6a) to 7 days (Fig.
6b). At 7 days, an appearance of a ‘shoulder’ around 28.3°
was also observed, which corresponded to the presence
of C-A-S-H, indexed as a high-aluminum tobermorite
[CaSi,AI(OH)O ..5H,0, PDF 03-019-0052] [60, 61]. No
change in the mineralogical composition was observed due
to the AE, as for the appearance of new hydrated products
or for the delay in the production of C-S-H, which could be
demonstrated by a decrease in the intensity of the peaks. The
presence of quartz in the SBA resulted in the presence of this
mineral in the diffractograms of the pastes. There was also
no delay in the hydration chemical reactions.

Compressive strength: the results of compressive
strength tests are presented in Table III. The highest values
were from the reference mixtures (without SBA and AE) and
were 86.2 and 69.3 MPa at 7 days for water/binder ratios
of 0.28 and 0.40, respectively. Compressive strength was
a property notably affected by the incorporation of G-SBA
and AE. The latter was responsible for a notable decrease in
the compressive strength of the paste without G-SBA, due
to the increase in internal porosity with the production of air
bubbles. The high water absorption of G-SBA resulted in a
decrease in the fluidity of the mortars, mainly in the ratio
w/b=0.28 (S90A10-28), which harmed the compaction of the
mortar in the mold and was responsible for the 27% decrease
in strength at 7 days. With the addition of AE, however, the
S90A10-28 AE1.0 mixture showed a better cohesion. As a
result, unexpectedly, its compressive strength increased
from 50.1 to 59.8 MPa, in comparison to the analog mixture
without AE (S90A10-28). Some theories can explain
reasonably this phenomenon. The improvement in particle
packing has been crucial to allow better compaction, and
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Figure 6: X-ray diffractograms of pastes after 3 days (a) and 7 days (b) of curing. Q: quartz; C-S-H: calcium silicate hydrate; C: calcite; T:

aluminum tobermorite (C-A-S-H); M: merwinite.
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consequently, it reached a suitable consistency to expel the
air bubbles. It is known that in dry mixtures, the compaction
must employ greater energy to decrease the mixture porosity.
Besides, the AE admixture is composed of approximately
50% of water, thus it increased the total amount of water
in the mixture. Considering the ratio w/b=0.40, the effect
of SBA on the compressive strength followed the same
behavior. However, the addition of AE resulted in different
behavior. In this case, the mixtures had a higher fluidity, and
therefore G-SBA did not influence the compaction as much
as in the other case. Regarding the w/b=0.40, the mixtures,
even with G-SBA, presented a sufficient consistency to
allow the AE admixture to form the air-bubbles, leading to
an increase in the porosity and a decrease in the compressive
strength. In general, the high fineness of ash (filler effect)
did not compensate for its lack of reactivity and its high
potential for water absorption. Regarding the resistance gain
from 3 to 7 days, no significant influence was observed,
since the percentage of compressive strength gain varied
between 22% and 28%. Researchers [38-40] showed that
the incorporation of ash with low organic matter content
(LOI<5%) can stabilize or even increase the compressive
strength of mortar and concrete.

Ultrasound: the ultrasound test is often approached in the
literature as a reasonable tool to estimate the compressive
strength of concrete. However, the velocity of the ultrasonic
pulse is closely linked to the porosity, which is not always
directly linked to the compressive strength [62]. In this work,
the velocity of the ultrasonic wave explained satisfactorily
(R>>0.8, Fig. 7) the results of compressive strength. The
highest values of compressive strength corresponded exactly
to the highest values of wave velocity. This occurred because
when there is less porosity and, consequently, less air for
the wave to travel, the velocity of the wave that propagates
through the specimen is higher. It can be seen in Fig. 7a
that, despite having close compressive strength values, the
S90A10-40 and S100-40AE1.0 mixtures presented values
of ultrasound pulse velocity with a significant difference
(160 m/s) between them. A reasonable explanation for this
phenomenon is attributed to the filler effect and resistance of
SBA. Even with impaired compaction, the high fineness of

Table III - Compressive strength (MPa) results (mean =+
standard deviation) of mortars after 3 and 7 days of curing.

Sample w/b ratio 3 days 7 days
S100-28 70.5+0.8 86.2+2.9
S100-28AE1.0 50.1£2.0  614%1.3
S90A10-28 0-28 50.1+3.3 62.4+55
S90A10-28AE1.0 598405  74.9+37
S100-40 54.5+1.1 69.3+1.1
S100-40AE1.0 0.40 36.740.6  46.9+0.2
S90A10-40 44.5+0.8 56.4+2.8
S90A10-40AE1.0 413+10 530+14

SBA helped in closing the pores. However, it was not enough
to increase or maintain the compressive strength, as the SBA
particles were rich in organic matter and consequently had low
resistance to compression [22]. Particularly, the ultrasound
test allowed a better understanding of the effect of AE in the
S90A10-28 AE1.0 mixture. As seen in Fig. 7a, this mixture
presented a lower value than the analog mixture without the
AE agent. As the ultrasound test is directly related to the
porosity, it can be concluded that the AE admixture did not
produce air bubbles, likely due to the unsuitable consistency
of the mixture. On the other hand, it is remarkable that in
the mixture with w/b=0.40, the AE worked more effectively,
producing air bubbles and decreasing the porosity and the
values of ultrasound pulse velocity.
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Figure 7: Results of ultrasonic pulse velocity vs. compressive
strength at 7 days in mortars with water/binder ratio of: a) 0.28;
and b) 0.40.

CONCLUSIONS
From the results presented, it can be concluded that:

i) mixtures with a content higher than 10% of ground
sugarcane bagasse ash (G-SBA) proved to be unfeasible at
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water/binder (w/b) ratios of 0.28 and 0.40 due to the dry
consistency of the mixtures, caused by the intense water
absorption capacity of SBA; ii) the use of a polycarboxylate-
based superplasticizer did not cause significant effect in
the alkali-activated mixtures; on the other hand, the air-
entraining (AE) agent had a slight effect on enhancing
the flowability of the mixtures; this showed that the air-
entraining agent had a greater chemical stability than the
polycarboxylate superplasticizer; iii) no change in the
mineralogical composition of the hydrated products of the
pastes with the incorporation of SBA and AE was observed;
iv) unexpectedly, the air-entraining admixture led to an
increase in the compressive strength of the mixture with
10% G-SBA and w/b=0.28; this occurred probably due to
presence of water in the admixture, which could enhance
the compaction and allowed the expelling of voids; v) the
air-entraining agent reduced the compressive strength in
mixtures which presented sufficient consistency to allow
this admixture to work and produce air bubbles; vi) G-SBA
caused a 20% to 28% decrease in the compressive strength
of mixtures; the use of AE agent can be combined with ash,
as it only causes a drop in the resistance when the mixture
is highly fluid; vii) the low potential of SBA as a filler was
associated with a high content of organic matter because
even helping to close the pores, the organic particles have
low resistance. In the end, it was possible to suggest the
incorporation of SBA with a high content of organic matter
in contents below 10%, considering the probable decrease in
compressive strength. The employment of an air-entraining
admixture can allow a better flowability if the mixture
presents a dry consistency.
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