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Alkali activated materials (AAMs), also named geopolymers or inorganic polymers,
are materials that are produced when alkaline solutions react with precursors containing
aluminosilicate phases [1–5]. The most commonly used alkaline solutions, include sodium
or potassium hydroxides and/or silicates, while aluminosilicates may include suitable raw
materials and by-products/wastes produced from various industrial processes. AAMs
can be commercialized in various industrial sectors. When AAMs are produced with the
use of industrial wastes, including for example metallurgical slags of various types [6,7],
fly ashes [8,9], bauxite residues [10,11], construction and demolition wastes [12,13] or
leaching residues [14], the benefits are twofold. They also include the valorization of these
wastes for the production of value added products and the substantial reduction of the
environmental footprint of the construction sector, due to the considerable savings of virgin
raw materials [15–19].

This Special Issue of Minerals includes 14 papers highlighting the advances and future
trends in alkali activation of wastes for the production of AAMs that can be used as sensors,
adsorbents, catalysts, pH modifiers, as well as for the production of zeolite foams, low
carbon binders, cemented paste backfill, alkali activated mortars and concrete. Furthermore,
the elucidation of mechanisms involved during alkali activation, as well as the mineralogy,
microstructure and properties of AAMs with the use of advanced techniques are discussed.
All these papers aim to attract the interest of the readers and especially of young scientists
and students at graduate and post-graduate levels in this very important scientific field.

Vlachakis et al. [20] in their review paper outlined the current state-of-the-art in strain,
temperature and moisture sensors that can be developed with the use of AAMs, as main
structural materials or as self-sensing coatings applied to existing infrastructure. One
primary advantage of using AAMs for sensing is the elimination of the need for conductive
fillers due to the migration of the alkali metal ions in their matrix. Sensor fabrication
methods, electrical conductivity mechanisms, and comparisons with self-sensing ordinary
Portland cement were outlined to highlight best practices and propose future research
directions.

Medina et al. [21] investigated the adsorption efficiency of blast furnace slag (BFS) and
fly ash (FA) based geopolymers, synthesized with the use of the hydrothermal method and
cured at 60 ◦C, for the removal of Pb2+ ions from aqueous solutions. The alkali activator
used was a mixture of NaOH and Na2SiO3 solutions at a mass ratio of 2, while the Si/Al
molar ratio in the slurry was 3. The BFS-based geopolymers (GS) exhibited specific area
~25 m2/g, pore size ~8 nm and pore volume ~70 cm3/kg, while the FA-based geopolymers
(GA) exhibited specific area ~35 m2/g, pore size 9 nm and porous volume ~125 cm3/kg. In
addition, GS and GA exhibited cation exchange capacity (CEC) of ~240 and ~290 meq/100 g,
respectively, at neutral pH and room temperature. Scanning electron microscopy (SEM)
indicated that both geopolymers contained unreacted particles surrounded by amorphous
and semi-amorphous phases, while Fourier transform infrared spectroscopy (FTIR) sug-
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gested that Na and Ca can serve as exchangeable ions, thus increasing the adsorption
efficiency of the produced geopolymers.

Kalinkin et al. [22] investigated the synthesis of geopolymers at ambient temperature,
using NaOH solution as alkaline agent and blends of fly ash and calcite (0–10 wt.%),
which were mechanically activated in a planetary mill. FTIR, isothermal conduction
calorimetry, thermogravimetry coupled with mass spectrometry analysis of the evolved
gas, and SEM/EDS were used to assess the effect of mechanical activation on the reactivity
of the raw materials. The addition of calcite to fly ash improved the compressive strength
of the geopolymers, especially at the early stage of curing. After an ageing period of
7 days, the geopolymers produced with the use of 90 wt.% fly ash + 10 wt.% calcite blend,
acquired 8.0-, 3.5- and 2.9-fold higher strength compared to the geopolymers produced
from pure fly ash after mechanical activation for 30 s, 180 s, and 400 s, respectively. The
application of Mössbauer spectroscopy revealed that the iron present in the fly ash did not
play a significant role in the geopolymerization process. The dominant reaction product
was sodium containing aluminosilicate hydrogel (N-A-S-H gel). Calcite was transformed,
to a small extent, to vaterite and Ca(OH)2 during geopolymerization.

Qiu et al. [23] investigated the potential of using alkali activated blast furnace slag
(AAS) as low-carbon binder for the production of cemented paste backfill (CPB). With the
use of orthogonal experimental design, the optimum parameters for the production of
AAS binders and the flow ability of the fresh CPB slurry were determined. In addition, the
toxicity of the binders, as indicated by the leaching of Pb and Cd ions, was assessed with
the use of the Toxicity Characteristic Leaching Procedure (TCLP) test. Finally, a predictive
model based on multivariate analysis for the determination of the compressive strength of
CPB samples was developed.

Kou et al. [24] investigated the time-dependent rheological behavior of CPB containing
alkali-activated slag (AAS) as binder, using the controlled shear strain method and various
AAS-CPB samples with different binder content, silicate modulus (SiO2/Na2O molar ratio),
grain size of slag and curing temperature. The results showed that AAS-CPB samples with
higher binder content exhibited a faster rate of increase for yield stress and plastic viscosity.
They also exhibited better rheological behavior than CPB samples composed of ordinary
Portland cement (OPC) and identical binder content. The increase in the particle size of
slag had an adverse effect on the rheological behavior of AAS-CPB samples. Finally, the
rheological behavior of both OPC- and AAS-CPB samples was substantially improved
when higher curing temperature was used.

Bocullo et al. [25] investigated the effect of the addition of OPC and/or water glass
for the production of fly ash (FA) alkali-activated concrete (AAC) and mortars. The results
showed that FA concrete activated with the use of NaOH solution and water glass exhibited
higher resistance to freeze and thaw, carbonation, alkali-silica reaction (ASR) and developed
higher compressive strength and static elastic modulus compared with the FA concrete
activated only with NaOH solution. The addition of OPC contributed to the development
of denser microstructure for AAC. In the presence of water glass and OPC, the compressive
strength of the specimens increased to ~53 MPa, which is more than two times higher than
the reference sample (~21 MPa).

Gismera et al. [26] investigated the effect of the different particle size distribution of
two precursors (slag and fly ash), and three types of aggregates (siliceous sand, limestone,
and recycled concrete) on the rheology of AAM mortars and compared it with ordinary
Portland Cement (OPC) reference mortars. Stress growth and flow curve tests were carried
out to determine the plastic viscosity as well as the static and dynamic yield stress of the
AAM and OPC mortars and was found that a reduction of the aggregate particle size
resulted in an increase of the liquid demand to maintain their plastic consistency. The
partial replacement of the siliceous aggregates with up to 20% recycled concrete did not
affect the liquid uptake during the production of AAM or OPC mortars.

Vitola et al. [27] investigated the use of low-calcium porous AAMs as novel passive pH
stabilizers in water media. The effect of the aluminosilicate source and heat treatment on
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the main properties of the AAMs was assessed. The AAMs produced from fly ash exhibited
higher bulk density (up to 750 kg/m3), compared to those produced from metakaolin (up to
490 kg/m3). The chemical composition of raw materials and esepcially the SiO2/Na2O
and Al2O3/Na2O ratios affected the rate of zeolite formation, and thus, the structure
of the AAMs. Heat treatment did not have any noticeable impact on the mineralogical
composition and structure of the AAMs, but it affected the leaching of OH− ions.

Tišler et al. [28] investigated in detail the effect of post-synthesis modification of alkali-
activated natural zeolite foams on their chemical, mechanical and textural properties which
can determine their use as catalysts or adsorbents. Modification was carried out with acid
leaching, using mineral and organic acids, as well as with heat treatment up to 1000 ◦C.
Leaching resulted in the removal of elements from the structure, the purification of the
micro- and mesopores in the zeolite matrix and the increase of the specific surface area to
350 m2/g. Thermal treatment up to 600 ◦C indicated that the basic clinoptilolite structure
remained unaffected, while at higher temperature it was disintegrated and the foams were
converted to inert macroporous ceramics, as demonstrated by x-ray diffraction (XRD),
diffuse reflectance infrared Fourier transform spectroscopy (DRIFT) and N2 physisorption.
On the same topic, Hrachovcová et al. [29] produced basic natural zeolite foams through
alkali activation of natural zeolites using as activator KOH and Na2SiO3 solutions and
as foaming agent hydrogen peroxide. These foams were compared with CaO, MgO and
metakaolin modified zeolite foams. In this respect, the effect of the modification and the
subsequent leaching on the textural, mechanical, and chemical properties was determined,
with the use of Hg porosimetry, N2 physisorption, NH3-TPD, XRF and XRD. From the
data obtained, it was deduced that all modified zeolites exhibited increased strength and
pore volume in the mesoporous region, while the surface area increased to values close to
290 m2/g. As a result, they may be used as catalysts and adsorbents.

Ouyang et al. [30] investigated the effect of activator modulus (SiO2/Na2O) and slag
addition on the properties of fresh and hardened alkali-activated fly ash/slag (AAFS) pastes.
Four activator moduli (SiO2/Na2O) and five slag-to-binder ratios were studied. The setting
time, the flowability, the heat evolution, the compressive strength, the microstructure
and the reaction products of the AAFS pastes were determined. The results showed that
the activator modulus and slag content had a combined effect on the setting behavior
and workability of the AAFS mixtures. The dissolution of elements from slag was more
pronounced when NaOH was used as activator. The use of Na2SiO3 significantly refined
the pores in AAFS mixtures by incorporating soluble Si, while further increase of the
modulus from the optimum value of 1.5 to 2.0 had an adverse effect, resulting in lower
heat release, coarser pore structure and reduced compressive strength.

Kioupis et al. [31] investigated the synthesis of geopolymeric binders from construction
and demolition wastes (CDW). Ceramic waste was the only aluminosilicate precursor used,
while glass waste after appropriate processing was used for the preparation of the activating
solution. A fractional experimental design was used and the optimum synthesis parameters
were defined, based on compressive strength values. The final products were characterized by
means of XRD, FTIR and SEM. The CDW-based geopolymers produced acquired compressive
strength in the range of 10–44 MPa. The developed products contained 80–90 wt.% CDWs,
indicating the noticeable valorization potential of this waste stream which is produced in
large quantities worldwide.

Petrakis et al. [32] studied the grinding process of a Polish ferronickel slag and evalu-
ated the particle size distributions (PSDs) of the products obtained after the use of different
grinding times. It was found that grinding exhibits non-first-order behavior and the reduc-
tion rate of each size is time dependent. Among the different models tested to simulate
the PSD, Rosin–Rammler (RR) was found to be the most suitable. Furthermore, selected
grinding products were alkali activated in order to investigate the effect of particle size on
the compressive strength of the produced AAMs. Among the parameters studied, particle
size of the raw slag and curing temperature had the most noticeable impact on compressive
strength, the maximum value of which reached ~60 MPa.
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Finally, Komnitsas et al. [33] explored the valorization potential of marble waste with
the addition of metakaolin, via alkali activation. The activating solution used consisted
of NaOH and sodium silicate solutions. The effects of marble waste to metakaolin ratio,
particle size of raw materials, curing temperature, and Na2O/SiO2 and H2O/Na2O molar
ratios present in the activating solution on the main properties and the morphology of the
produced AAMs were evaluated. The durability and structural integrity of the AAMs after
firing them at temperatures between 200 and 600 ◦C, immersion in deionized water and 1
mol/L NaCl solution for different time periods and subjection to freeze–thaw cycles were
also investigated. The highest compressive strength (~36 MPa) was acquired by AAMs
prepared using precursors with marble waste to metakaolin mass ratio of 0.3 after curing
at 40 ◦C.
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