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Abstract: Sodium silicate is commonly used for activating alumina silicates to produce alkali-
activated binders that can compete with conventional Portland cement in concrete. However, the cost
and emissions related to activators can hinder the use of alkali-activated materials in the industry.
The novel, waste-based activators have been developed in the last years, using Si-rich waste streams.
Processing waste glass cullet not only reduces the glass landfill disposal but also allows the produc-
tion of sodium silicate for alkali activation. In this article, the chemical and microstructural properties
of neat fly ash and blended 60 fly ash/40 slag pastes activated by sodium silicate produced from glass
cullet were studied and compared to equivalent ones activated by commercially available sodium
silicate and sodium hydroxide solutions. Fourier transform infrared (FTIR) spectroscopy, X-ray pow-
der diffraction (XRD), thermogravimetric analysis (TGA) and scanning electron microscopy (SEM)
coupled with energy dispersive X-ray (EDX) were used to determine the microstructure and compo-
sition of the gel phase. Findings have confirmed that pastes activated by the processed waste glass
showed chemical and microstructural properties comparable to pastes produced with commercially
available activators.

Keywords: alkali activated fly ash and fly ash/slag; waste glass; sodium silicate; microstructural
properties; fourier transform infrared (FTIR) spectroscopy; X-ray powder diffraction (XRD); thermo-
gravimetric analysis (TGA); scanning electron microscopy (SEM)

1. Introduction

Almost eighty percent of 130 million tonnes of global production of glass each year
are being discarded as waste while only 21% of the waste glass (WG) is recycled [1,2].
The waste glass has been investigated either as a substitution for binder (because of its
pozzolanic properties) or as a replacement for aggregate in concrete. The substitution of
concrete filler and aggregate with waste glass can be conducted considering its alkali silica
reaction (ASR) properties [1,3]. Ke et al. showed that using waste glass with a particle size
coarser than 300 µm and a substitution rate higher than 30% induces ASR expansion [4].
Siddika et al. reported that the ASR expansion issue is less critical for geopolymers
compared with conventional concrete [1,2].

Due to its high content of amorphous silicates, waste glass is an ideal candidate for
the production of low carbon binders from alumina silicates for alkali activated (sometimes
referred to as geopolymer) concretes. To date, most of the studies that investigated the
use of waste glass as a constituent of blended precursor for geopolymer concrete have
shown that a substitution rate of 20% in binders reduces the shrinkage and improves the
carbonation resistance [5–8]. A high-temperature process is, however, required for blended
metakaolin-waste glass geopolymers [9]. Mácová et al. investigated the production of a
metakaolin-based alkali-activated concrete containing waste foam glass. Samples with high
porosity (>45%), a low thermal conductivity coefficient (<0.2 W/mK), and low mechanical
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properties were obtained, suggesting the suitability of the mix for thermal-insulation
applications [10].

Glass waste dissolved in NaOH (4 M) solution was used for soil treatment for brick
production [11]. Sasui et al. used sieved WG powder dissolved in NaOH (4 M) solution
in three different proportions, i.e., 10, 20 and 30 g per 100 mL of NaOH (4 M) solution
to activate Class C fly ash/slag mixtures. The results showed that reactive Ca supplied
from slag and the dissolved silica in the alkaline solution resulted in a homogeneous
and compact matrix with low porosity and high mechanical strength [12]. Melele et al.
investigated reactive hardeners from rice husk ash and waste glass separately prepared by
adding NaOH pellets, mixing with distilled water and stirring the solution for 30 min at
100 ◦C, to manufacture metakaolin-based geopolymer samples. They found that the
reactivity of waste glass solution can be improved by adding hardener from rice husk
ash to produce geopolymer cement with higher compressive strengths, denser matrix,
and a homogeneous and compact microstructure [13]. Bagheri and Moukannaa used a
hydrothermal approach for the activation of WG and dissolved the WG in an alkaline
medium at 65 ◦C for 2 h to produce a fly ash/slag blend based geopolymer with a 7-day
compressive strength up to 28 MPa [14].

Vinai and Soutsos proposed a simple method to produce sodium silicate from WG. The
effects of different process parameters, such as alkali ratio, temperature and water content
on the product mineralogy were assessed and the efficiency of the developed activator
product was investigated by comparing the compressive strength of fly ash/slag and fly
ash-based mortar cubes activated with the WG-based sodium silicate, with the strength of
samples produced with commercially available sodium hydroxide and sodium silicate [15].
WG-based activator gave lower early strength (1-day) but equal or superior 7 and 28-day
strengths than the commercially available activating solutions. Since the method was
proposed, it has been replicated and verified by several researchers (see, e.g., [16]), using
other silicate sources (e.g., [17,18]), and providing environmental analysis confirming a
potential for a 70% reduction in CO2 emissions when compared to Portland cement-based
concrete [19,20]. However, a detailed investigation of the microstructure of the reaction
products when a WG-based activator is used has not been carried out yet.

This article describes the results of an investigation of the microstructure of alkali-
activation reaction products obtained using the WG-derived sodium silicate proposed
by Vinai and Soutsos. Paste samples manufactured with commercial sodium silicate as
an activator for fly ash and fly ash/slag were also investigated and their microstructural
features were compared to those of samples produced with a WG-based activator.

2. Materials and Experimental Methods
2.1. Materials and Paste Sample Specifications

The glass cullet used was from domestic glass bottles and supplied from Enva Toome-
bridge a local recycler in Belfast, Northern Ireland including glass chips of different colours
and sizes. Glass waste was milled using a German Retsch PM400 Ball Mill, capable of
grinding around 440 g of glass (110 g in each of the four pots loaded with 10 steel balls
of 15 mm diameter) at a speed of 300 rpm each time. The D50 value (i.e., the value of the
particle size at 50% in the cumulative distribution) showed that the fineness of the material
was improved by the milling time. Milling time of 10 min resulted in an average powder
dimension equal to 12µm. Grinding the material for 10 min at 300 rpm was considered
suitable and adopted in the study [15]. The oxide composition of the glass powder was
obtained from the X-ray fluorescence test and presented in Table 1 [15].

Table 1. Oxide composition of the glass powder used in this study.

Element SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 SO3 LOI Total

Mass (%) 71.51 0.07 1.74 0.34 0.028 1.34 10.73 13.29 0.64 0.01 0.089 0.27 100.0
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WG-based sodium silicate was produced following the method proposed by Vinai
and Soutsos [15], mixing WG powder with NaOH prills at a mass ratio of 11:10, adding a
small amount of water for the creation of a paste, and processing the paste in an oven at a
temperature between 150 ◦C and 330 ◦C. Commercial grade sodium hydroxide (Atznatron
caustic soda from AkzoNobel, Mainz, Germany) in micro prills was used for the reaction
with the ground waste glass. The precursors used were ground granulated blast furnace
slag (GGBS) and low-CaO fly ash, provided by ECOCEM—Ireland, Dublin, and Drax
Power Minerals Ltd., Selby, North Yorkshire, UK, respectively. The grain size of fly ash was
in the range of 0.24–105 µm. The crystalline phases detected in fly ash were mainly Mullite,
Quartz and traces of Hematite, whereas the amorphous content was about 85%. GGBS grain
size was in the range 0.24–149 µm, and its nature was mainly (>90%) amorphous, showing
minor traces of Akermanite and Gehlenite. The oxide composition of these materials was
obtained from the X-ray fluorescence test, and it is shown in Table 2.

Table 2. Oxide compositions and particle size of GGBS and fly ash.

Precursor
Component (Mass% as Oxide) Particle Size (%)

SiO2 Al2O3 CaO Fe2O3 MgO Na2O K2O TiO2 SO3 Others LOI Fineness ≥ 45 µm

GGBS 35.7 11.2 43.9 0.3 6.5 0.5 0.2 0.5 0.3 0.59 0.31 7.74

Fly ash 46.8 22.5 2.2 9.1 1.3 0.89 4.09 1.05 0.9 7.57 3.6 18.39

Commercially available sodium silicate solution (Fisher Scientific UK Ltd. with SiO2
content of 25.5% and Na2O content of 12.8%, i.e., SiO2/Na2O = 2) and a sodium hydrox-
ide solution prepared by dissolving the Atznatron caustic soda in water at 30% mass
concentration were used to produce control paste.

Two series of paste samples were produced, using a blend of 60%/40% fly ash/GGBS,
as well as neat fly ash as a precursor. The alkali modulus (AM), i.e., the mass ratio
Na2O/SiO2 was kept equal to 1.0, whereas the alkali dosage (M+), i.e., the percentage
mass ratio Na2O/binder, was kept equal to 7.5%. The water to solid ratio (w/s) was
kept at 0.37 [15]. The WG-based powder activator was dissolved in the required water
volume. In order to take into account the variability in the quality of the produced sodium
silicate, mixes were manufactured dosing the WG-based activator, assuming an efficiency
of 70% (i.e., increasing the quantity of material from the theoretical value), as well as
an efficiency of 90%. The samples were prepared by mixing the powder and solution
using a Hobart blender and pouring the paste into sealed plastic bags and kept under
relevant environmental conditions (i.e., 70 ◦C oven curing for 100% fly ash, 20 ◦C for 60 fly
ash/40 slag mixes) until the test date. Fractions of the samples were broken and milled in a
pestle, and the obtained powders were used for FTIR, XRD and TGA analysis and some
broken fractions were used for each SEM test. The pastes investigated in this study are
summarised in Table 3.

Table 3. Paste code description.

Paste Code Description

60/40FG-70 (60/40%) fly ash/GGBS paste with assumed efficiency of the silicate powder equal to 70%

100F-70 100% fly ash paste with assumed efficiency of the silicate powder equal to 70%

100F-90 100% fly ash paste with assumed efficiency of the silicate powder equal to 90%

FG-CON Control pastes with commercial (Fisher sodium silicate, NaOH 30% solution) activators and (60/40%) fly ash/GGBS

F-CON Control pastes with commercial (Fisher sodium silicate, NaOH 30% solution) activators and 100% fly ash
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2.2. Experimental Methods

Fourier transform infrared (FTIR) spectrometry was carried out using a Jasco 4100
series FTIR Spectrometer (wavenumber range 7800 to 350 cm−1) recording data in trans-
mittance mode over the range 650 to 4000 cm−1, with a data interval of 0.964 cm−1. Jasco
software was used for data interpretation and deconvolution analysis.

X-ray diffraction (XRD) tests were carried out with a PANalytical X’Pert HighScore
PRO diffractometer using pure Copper-K-Alpha 1 radiation with wavelength 1.54 Å. The
X-ray generator was set to 40 kV and 40 mA, the recorded angular range was 5 to 65 or 70◦

(2θ) with a step close to 0.017◦. X-Pert HighScore software was used for data interpretation.
Thermogravimetric Analysis (TGA) was carried out on samples using a NETZSCH

PERSEUS TG 209F1 Libra. A small amount of sample (10 ± 1 mg) was tested at a controlled
heating rate (temperature increase per unit of time, 20 ◦C/min) to observe the evolution
of the sample mass vs. the temperature. The temperature range was from 30 ◦C to
900 ◦C. Furthermore, along with the data processing (post-experiment), the mass loss
values were converted to percentages which allowed a coherent comparison between the
different samples.

Scanning electron microscopy (SEM) with elemental analysis was carried out on
polished or crushed paste samples with a gold-palladium coating. An accelerating voltage
of 5 kV and a working distance of 10 mm was used for imaging. The equipment used was
PHILIPS/FEI QUANTA FEG-250 with OXFORD X-Act as an energy dispersive X-ray (EDX)
analyser, which was run by AZtec version 2.0 software for analysis.

3. Results and Discussion
3.1. FTIR Investigation on the Developed Activator and Activated Pastes

The FTIR test results for the commercially available sodium silicate, unprocessed and
processed waste glass powders produced at different temperatures (150, 250 and 330 ◦C)
are shown in Figure 1. The broad and strong absorption band at 999 cm−1 for unprocessed
WG powder could be ascribed to stretch vibration of the Si-O-Si or Si-Bridge Oxygen
(Si-BO) bond. In alkaline silicate activators, the peaks associated with the Si-O or Si-None
Bridge Oxygen (Si-NBO) groups are in the band 675–1000 cm−1 which are reactive and
can be dissolved and attend the geopolymer reaction. The commercial sodium silicate has
shown three peaks in the band 675–850 cm−1 that could be attributed to Si-O and a broad
and strong absorption band at 980 cm−1 ascribed to stretch vibration of Si-O-Na. All the
three processed WG have shown sharp peaks at 880 and 960 cm−1 associated with Si-OH
and Si-O-Na, respectively [21]. While the processed powder at 330 ◦C has shown a sharp
peak around 1024 cm−1 and depicts asymmetric silicon which is insoluble. Even if the
production of reactive sodium silicate proved to be successful at lower temperatures, this
study investigated the powder produced at 330 ◦C as this resulted in the more pronounced
peaks from FTIR tests [15].

Figure 2a details the FTIR spectra recorded in the range 1250–650 wavenumber for
fly ash before and after activation with WG-based, as well as commercial activators, cured
for 14 and 28 days. Before activation, the main peak was at 1042 cm−1, which displays
Si–O–Si stretching bands with several smaller peaks in the band 650–800 cm−1. After acti-
vation, the band centred at 1042 cm−1 was shifted towards a lower wave number of about
980 cm−1 in 14-day cured samples, further shifted at about 989 cm−1 in 28-day cured sam-
ples. These bands are ascribed to stretch vibration of Si-O-Na and Si-O-Al bonds that are
formed in neat fly ash geopolymer pastes with increasing alkali concentration, confirming
the depolymerisation (i.e., dissolution from the precursor) of silicate and/or aluminosili-
cate structures in the fly ash. During alkali activation, every bridging oxygen atom (BO)
on the surface of the original aluminosilicate is replaced by two negatively charged non-
bridging oxygen atoms (NBO), which are charge compensated by alkalis. When all the poly-
merised alumina-silicate has dissolved, layered silicates with a few siloxyl groups are left
in place. This corresponds to the measured stretching vibration at the wavenumber around
990 cm−1, and its structure is exclusively formed by Si–O–Al bridges [22,23]. Assuming
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that the area of the resolved bands is proportional to the concentration of the correspond-
ing bonds, then more Si-O-Si and Si-O-Al bond formation can be found for mixes made
with 100% fly ash activated by the WG-based activator than mixes made with commercial
activators. The strength of Si–O–Si and Si–O–Al bonds could explain the higher com-
pressive strength of the geopolymers activated with WG-based silicate observed in the
previous study [15].
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Figure 1. Detail of the 1100–650 wavenumber range for FTIR of commercially available Na2SiO3,
unprocessed waste glass powder and the processed ones at 150, 250 and 330 ◦C.

The infrared spectra of the fly ash and slag powders and hardened geo-polymeric
samples manufactured with a 60/40% fly ash/slag blend and cured at room temperature
after 14 and 28 days are shown in Figure 2b. In unreacted fly ash and slag powders, the
maximum value of the broad peak was about 1042 cm−1 and 926 cm−1, respectively. In the
reacted samples, this peak has shifted towards 954–959 cm−1. The effect of slag inclusion
in the mix can be observed by comparing the peak for activated neat fly ash (978–989 cm−1,
see Figure 2a) with the peak for mix with 60/40 fly ash/slag (954–959 cm−1, see Figure 2b).
The decrease is presumably due to the formation of C–S–H and C–A–S–H gels, associated
with a reduction in the amount of Al [24]. FTIR results seem, therefore, to confirm that
the activator developed from glass waste can depolymerise the original silicate and/or
alumina-silicate structures and be used to activate the aluminosilicates.

3.2. XRD Analysis of the Activated Pastes

The XRD diffractograms (in the range of 5–65◦ 2θ) of the activated pastes are shown in
Figure 3. The XRD patterns of the mainly amorphous activated neat fly ash (Figure 3a) show
that mullite (Al6Si2O13), quartz (SiO2), calcium aluminate (CaAl2O4), calcium aluminium
silicate hydroxide Ca2Al3(SiO4)3(OH) and hematite (Fe2O3) are the main crystalline min-
erals detected. When observing the diffractograms obtained from the fly ash/slag blend
(Figure 3b), calcium silicate hydrate (CaH2O4Si) can be observed instead of calcium alu-
minate. The sharp characteristic quartz, mullite, calcium aluminate and calcium silicate
hydrate peaks are associated with the development of alkali-silicate glasses with the par-
tial amorphisation of the phases. The crystalline phases (quartz, mullite and hematite)
observed in the fly ash remained almost unchanged after synthesis and could be attributed
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either to their non-participation in the reaction, as well as to the unreacted fly ash [14,20].
Furthermore, the broad halo observed between 20 and 35◦ 2θ for activated neat fly ash and
between 22 and 38◦ 2θ for activated 60/40 fly ash/slag indicates the presence of amorphous
N-A-S-H and C–A–S–H gels.
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1250–650 cm−1.

3.3. TGA Analysis of the Activated Pastes

Figure 4a, b show the results of the TGA analysis on the heat flow and percentage of
weight loss of the activated neat fly ash 60/40 fly ash/slag samples.

All neat fly ash samples exhibit a remarkable mass loss before around 150 ◦C while this
is 100 ◦C for 60% fly ash/40% slag samples. This is attributed to the loss of physically bound
water within the paste. Endothermic peaks in the range of 141 ◦C to 148 ◦C for activated
neat fly ash and 98 ◦C to 107 ◦C for activated fly ash/slag blend caused evaporation of
the absorbed water typically observed in mineral materials. The higher endothermic peak
at 148 ◦C in the activated sample seems to suggest a slightly denser structure of the 100%
fly ash mix produced with WG-based activator dosed by assuming an efficiency of 70%
(i.e., samples with the highest volume of WG-based activator). This sample has shown
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an evaporable water content of 4.5%, which is slightly higher than the one activated with
the WG-based activator dosed by assuming an efficiency of 90%, as well as the sample
produced with commercially available activators (2.6 and 2.4%, respectively).
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Figure 3. (a) XRD of neat fly ash activated with WG-based and commercially available activators
at 28 days. (b) XRD of 60/40 fly ash/slag activated with WG-based and commercially available
activators at 28 days.

After the evaporation of the physically bound water, all neat fly ash samples show a
remarkable heat flow increasing at 150 to 300 ◦C, followed by a less steep increase until
around 450 ◦C, while for activated fly ash/slag blend this behaviour was observed in the
temperature range from 100 to 200 ◦C. After around 450 ◦C, all the activated neat fly ash
mixes show a stable curve with limited mass loss observed for mixes made WG-based
activator dosed assuming 70% efficiency. The activated fly ash/slag blend showed a stable
curve after around 200 ◦C.

Between 400 ◦C and 830 ◦C, the mass loss of activated neat fly ash was slow and
attributed to the thermal decomposition of the remaining carbon from unreacted fly ash;
100% fly ash mix produced with WG-based activator dosed at 70% efficiency showed a
small change of the mass loss starting at 765 ◦C. A similar change was observed at 917 ◦C
for mixes activated with commercially available activators.
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Comparing TGA test results from samples at different curing ages (14 days and
28 days), no significant mass loss differences for activated neat fly ash were observed,
whereas activated fly ash/slag blend mixes showed a significant difference. The mass loss
trends at 14 days of 60/40 fly ash/slag pastes produced with WG-based and commercial
activators are almost identical, whereas 28-day old pastes activated with the WG-based
sodium silicate showed lower mass changes than the control sample (activated with com-
mercially available solutions).

Total mass loss for neat fly ash specimens activated with a WG-based activator at
28 days was equal to 10%, whereas pastes produced with commercially available solutions
were about 7%. When looking into fly ash/slag samples, total mass loss was equal to
17% for pastes produced with a WG-based activator at 28 days, whereas this was 20% for
samples produced with commercially available solutions.

3.4. SEM/EDX Analysis of the Activated Pastes

The micrographs of alkali-activated neat fly ash and 60%/40% fly ash/slag pastes are
shown in Figure 5. The WG-based activator seems to allow a satisfactory dissolution of
raw materials, not hindering the polycondensation rate during the geopolymer synthesis
and allowing the maximum geopolymer gel formation which is visible in Figure 5b. When
commercially available activators were used, the excess OH concentration left in the system
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weakened the structure of the geopolymer and reduced the uniformity of geopolymer gels.
The reduced water content led to difficulty in the diffusion of dissolved species, which could
hinder the polycondensation rate. Unreacted particles were observed in the microstructure,
and this could explain the lower compressive strength recorded. The features visible in
Figure 5a seem to confirm this interpretation. The lack of water for gel formation was more
obvious in 60%/40% fly ash/slag blend activated with commercially available solutions,
leading to the formation of micro-cracks resulting in increased porosity, see Figure 5c.
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Figure 5. SEM micrographs. (a) Neat fly ash activated with commercially available solutions.
(b) Neat fly ash activated with WG-based sodium silicate. (c) 60/40 fly ash/slag blends activated
with commercially available solutions. (d) 60/40 fly ash/slag blends activated with WG-based
sodium silicate.

EDX spectrum (Figure 5a) measured on the spherical shapes indicated the presence
of Si, Al, O, and K, but not of Na, confirming that these residues are unreacted fly ash
cenospheres. EDX spectra obtained from the spot indicated by red squares 1 (Figure 5b)
show that these areas mainly contain Si, Al, O, and Na, whereas areas indicated by the
square 2 in Figure 5c had a significant amount of Ca due to the presence of slag. These
elements are the major constituents of the reacted alkali-activated matrix. Fe was detected
in all the spectra, suggesting that the micro grains are likely hematite aggregates. Areas
under red square 3 (Figure 5c) resulted in a lower content of Na, suggesting partially reacted
particles. EDX spectra from the areas indicated by red square 4 (Figure 5d) identified mainly
Si, Na, and O. These three elements are the major constituents of WG-based activator
powder; thus, it can be deduced that the reaction in these areas was not complete. EDX
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spectrum of the area indicated by red square 5 mainly contains Ca, Si, Na, Al, Mg, and O
which are the major constituents that can be found in activated slag.

The EDX results are used to provide qualitative and quantitative evidence for the
formation of geopolymer gels. The average values of Si/Al, Na/Al, Al/Na, Ca/Si, Na/Ca,
and Mg/Al molar ratios, calculated from EDX results on an average of at least six points,
are shown in Table 4 along with their ranges of variability.

Table 4. Range and average of chemical elements ratios based on the point analysis of SEM
(EDX spectra).

Element
Ratio

100F-70-28Days-
Crushed FCON-28Days-Crushed 60/40FG-70-28Days-Crushed FG-CON-28Days-Crushed

Range Average Range Average Range Average Range Average

Si/Na 1.08–2.43 1.77 1.82–3.06 2.46 1.07–3.86 1.78 1.61–2.63 2.13

Si/Al 1.82–3.14 2.63 1.4–3.81 2.64 2.71–6.07 3.73 2.59–4.25 3.45

Al/Na 0.34–1.0 0.68 0.67–2.13 1.02 0.31–0.63 0.47 0.43–0.89 0.63

Ca/Si 0.09–0.25 0.13 0.03–0.13 0.08 0.60–2.87 1.2 0.64–0.90 0.75

Na/Ca 2.91–8.64 4.93 2.5–11.6 5.92 0.12–1.39 0.78 0.44–0.96 0.66

Mg/Al 0.08–0.12 0.09 0.05–0.12 0.09 0.23–0.43 0.35 0.13–0.75 0.33

The average molar ratio of Si/Al for neat fly ash control samples (i.e., activated with
commercially available solutions) at 28 days was equal to 2.64, very close to the value of
2.63 calculated for samples activated with the WG-based activator. The Al/Na ratio for
control samples was equal to 1.02, whereas the WG-based activated sample provided a
value of 0.68. As shown in Figure 5b, the Na contents were obtained from the reacted areas
seen in SEM images, which are likely to represent the geopolymer gels. Si/Al ratios of
geopolymer gels reported in the literature are in the range of 2–3 [25,26].

Si/Al ratios calculated for 60%/40% fly ash/slag samples at 28 days were higher than
3, and this is presumably due to the formation of C–S–H and C–A–S–H gels, as well as
due to a reduction in the amount of Al (which was provided mainly by fly ash). Although
Si and Al can be detected from either fly ash, slag and geopolymer gel, the ratios can
still provide qualitative indications of the nature of geopolymer gels formed through the
reaction. Al/Na ratios in the range of 1.0 are the typical value of geopolymers reported in
the literature [27]. Fly ash/slag blend samples displayed less incorporation of Al3+ ions
in their main geo-polymeric phase compared to neat fly ash geopolymers, as confirmed
by the lower Al/Na ratio and higher Si/Al ratio of the resultant geopolymer paste. The
gel of fly ash/slag pastes activated with the WG-based silicate showed a Ca/Si molar ratio
of 1.2, which is higher than the ratio of 0.75 calculated for control samples, and seems to
suggest the presence of a C–S–H type gel, which is in agreement with the literature [28].
This ratio was reported to be about 1.1 in alkali-activated slag [29] and 1.2–2.3 in Portland
cement [30].

4. Conclusions

Based on the results presented, the following conclusions can be drawn:

• The activator developed from glass waste can depolymerise the original silicate and/or
alumina-silicate structures and be used to activate common precursors.

• In the presence of a neat fly ash precursor, the WG-based activator seemed to develop a
denser structure when compared to the control (i.e., commercially available activating
solutions) samples. The total mass loss of the WG-based samples was higher than that
of control samples, suggesting a higher degree of reaction.

• When used with blended mixes of 60%/40% fly ash/slag, the WG-based activator
seemed to produce a denser structure, especially after 28 days.
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• The WG-based activator seemed more efficient at activating neat fly ash than blended
fly ash/slag mixes.

• Significant reacted areas can be observed in the SEM images of WG-based activated
samples, and quantitative ratios of the main chemical species confirmed the nature
of N-A-S-H and C-A-S-H gels which were broadly comparable between the control
samples and the WG-based activated samples, thus confirming the quality of the
WG-based sodium silicate in activating the typical precursors.
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