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Extended abstract

1. Introduction

Wind erosion and dust emission pose significant environmental challenges, particularly in arid and semi-
arid regions, affecting over 41 percentage of the Earth's land surface and nearly two billion people, primarily
in developing nations (Komaei et al., 2023). Unsustainable agricultural practices, deforestation, and climate
change have exacerbated soil degradation, leading to annual dust emissions of up to 3000 million tons,
which adversely impact air quality, water resources, and agricultural productivity (de Farias et al., 2020).
Traditional soil stabilization methods, such as Portland cement and lime, are energy-intensive and
contribute substantially to CO: emissions (Shariatmadari et al., 2021). As an eco-friendly alternative,
geopolymers—aluminosilicate-based materials activated by alkaline or acidic solutions—have emerged as
sustainable binders for soil stabilization (Tchakouté et al., 2017). Acidic geopolymers, particularly those
activated by phosphoric acid, exhibit superior mechanical strength and thermal stability due to the formation
of Si-Al-P networks (Tchakouté et al., 2017)

Industrial by-products, such as ceramic tile waste (CTW) and iron ore tailings (IOT), are promising
precursors for geopolymer synthesis, offering both economic and environmental benefits (Behforouz et al.,
2020). CTW, rich in amorphous silica and alumina, and 10T, containing iron oxides and aluminosilicates,
are ideal for geopolymer production (Prates et al., 2023). This study investigates the feasibility of using
CTW and I0T-based acidic geopolymers for sand dune stabilization, focusing on their compressive
strength, microstructure, and ecological impact.

2. Methodology

In this study, phosphoric acid was combined with different ratios of IOT and CTW, and five types of acidic
geopolymers were prepared, including CTW g0, CTW7510T 25, CTWSs0lOTs0, CTW2510T7s, and 10T 100. The
compressive strength of sand treated with 10 and 20 percent levels of acidic geopolymers was determined,
and finally the polymer with the highest compressive strength was selected for further tests. The surface
morphology of the geopolymer selected based on the compressive strength results was obtained by SEM.
The chemical composition and mineral phase composition of the geopolymers were also determined using
XRF and XRD, respectively. The pH value, electrical conductivity (EC), seed germination, microbial
population and wind erosion resistance of the geopolymer-treated sand were also investigated.

3. Results

The results of the compressive strength evaluation for sand treated with 10% and 20% levels of acid-
geopolymers synthesized from IOT and CTW showed that in all treatments except CTWaqo, increasing the
geopolymer percentage from 10% to 20% led to a significant increase in compressive strength. At the 20%
level, with an increase in the proportion of IOT in the geopolymer composition, the compressive strength
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increased significantly. The highest compressive strength values were observed in the CTWsI0T7s (2.2
kg/cm?) and 10T 1o (3.2 kg/cm?) treatments, which were above the minimum standard (2 kg/cm?) set by the
Environmental Protection Agency. Accordingly, these two geopolymers were selected for further testing.
X-ray diffraction (XRD) results of the IOT100 geopolymer revealed the formation of antigorite, chlorite,
and iron phases. In the CTW2sIOT7s geopolymer, albite, chlorite, and quartz phases were identified.
Scanning electron microscopy (SEM) images confirmed a dense and cohesive structure in both
geopolymers, indicating the presence of an aluminosilicate gel and the formation of compact tetrahedral
phases with low porosity. These microstructural characteristics are the primary reason for achieving high
compressive strength.

The application of both geopolymers resulted in a significant decrease in the pH of the sand compared to
the control sample. While the CTW2sIOT7s geopolymer had no significant effect on EC, 10T g0 caused a
significant increase. However, the values of both parameters remained within the acceptable range of
environmental standards. The results of the sorghum seed germination test showed that the application of
these geopolymers had no negative effect on the germination percentage. Furthermore, the microbial
population of the sand was significantly affected by the geopolymers, with the microbial population
increasing by 400% and 275% in the CTW2s10T7s and 10T100 treatments, respectively, compared to the
control. The most significant outcome was the geopolymers' remarkable effect on controlling wind erosion;
the wind erosion rate in sand stabilized with either geopolymer was reduced to nearly zero compared to the
control sample, which had no resistance.

4. Discussion & Conclusions

The discussion centers on the critical role of acidic activation and precursor composition in developing the
cohesive and dense microstructure of geopolymers, which is fundamental to their performance. The
formation of a consolidated geopolymer matrix, as observed in SEM micrographs, is attributed to the
phosphoric acid-driven reaction that creates aluminosilicate gels, effectively binding sand particles together
(Nikolov, 2020). The high reactivity of IOT, characterized by their silica, iron oxide content, and high Si/Al
ratio, facilitates the development of dense, compact tetrahedral structures with low porosity through
reactions with the acidic activator. This dense structuring is a key factor in achieving excellent mechanical
properties and is consistent with the mechanisms described in the literature for acid-based
geopolymerization (dos Santos et al., 2019; Lazorenko et al., 2021). The observed microstructural integrity
provides a scientific basis for the material's effectiveness, aligning with findings from other studies on acid-
activated systems (de Carvalho et al., 2023; Kaze et al., 2021).

The efficacy of the synthesized geopolymers is further discussed in the context of their environmental
compatibility and functional performance beyond mere mechanical strength. The significant increase in
microbial population in treated sand is theorized to be a direct result of the mulch's ability to retain moisture,
thereby creating a more favorable habitat for microorganisms and mitigating moisture stress, which is a
critical constraint in arid environments (Dtugosz et al., 2024; Qu et al., 2023). This highlights a beneficial
ecological side effect of the treatment. Furthermore, the near-zero wind erosion rates observed are directly
linked to the formation of a resistant and stable surface crust by the geopolymer, which effectively shields
the soil from displacement by wind forces (Komaei et al., 2023; Shahnavaz et al., 2017). The absence of a
negative impact on seed germination underscores the potential environmental safety of these materials for
use in soil stabilization projects, as they do not introduce phytotoxic conditions (Banedjschafie et al., 2021;
Abtahi, 2019).
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