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1 2 Parthiban, D., Vijayan, D. S., Koda, E., Vaverkova, M. D., Piechowicz, K., Osinski, P., & Van Duc, B. (2022). Role of industrial based precursors in the stabilization of weak soils with geopolymer–A review. Case Studies in Construction Materials, 16, 
e00886.

Principale of soil stabilization by geopolymerization. 

Context 
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Context Objectives

Valorize local excavated clay and silt soils into building materials through
geopolymerization.

Optimize material properties for sustainable construction applications.
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According to the literature,
the optimum are:
• Ca/Si ratio: ~0.8-1.2 
• Al/Si ratio: ~0.3-0.5

• Raw materials Table 1. Chemical composition of clay and 
silt

Ratio Silt Clay
Ca/Si 0,4 0,5
Al/Si 0,3 0,2

Fig.1. (a) Natural excavated clay; (b) ground clay 
powder.
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1 Murison, R. A., Jacobsz, S. W., Gaspar, T. A., da Silva Burke, T. S., & Osman, A. S. (2023). Drying and wetting soil-water retention behaviour of a highly expansive clay under varying initial density. In E3S Web of Conferences (Vol. 382). EDP Sciences.
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Fig.2. (a) Natural excavated Silt; (b) ground silt 
powder.

Element
(%)

Clay Silt

Na2O 4,5 -

MgO 1,5 3,5

Al2O3 11,2 15,4

SiO2 54,0 52,0

P2O5 0,4 0,7

SO3 0,4 0,5

Cl 0,2 0,2

K2O 2,4 5,1

CaO 18,0 13,0

TiO2 1,1 1,2

MnO 0,2 0,1

Fe2O3 6,0 8,4

ZrO2 0,1 0,1
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• Raw materials preparation

Grinding protocol with TM300 :
• 1/3 raw material
• 1/3 grinding balls with sizes (20 mm, 10 mm, and

5 mm)
• 1/3 empty volume

• Rotational speed of 80 rpm for 60 minutes.
• Sieving until a particle size of less than 100 µm.

Silt

Drying at 105°C/24H TM300 Ball Mill
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• Particle Size Distribution 
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Clay exhibits a higher
proportion of fine 

particles (2–20 µm).

The silt contains a 
higher proportion of 

coarse particles (20-80 
µm)
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Properties !" (%) !# (%) !$%&'()*
(%)

Density
(g/cm³)

Clay 50 70 39.4 2.9
Silt 25 60 22.5 2.7

A/P NaOH Meta-Si Curing
0.4 10 mol/L Na₂SiO₃/NaOH = 

2
65 °C / 24 H
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Meta-Si: Na2SiO3/NaOH=2
C: Clay
S: Silt

• Clay exhibits the highest compressive strength. 
• Sodium silicate (Meta-Si) is the most effective activator. 

1 Yadong Li, Jianfeng Li, Jie Cui, Yi Shan, Yanfei Niu, Experimental study on calcium carbide residue as a combined activator for coal gangue geopolymer and feasibility for soil stabilization, Construction and Building Materials, Volume 312, 2021, 125465, ISSN 0950-0618, https://doi.org/10.1016/j.conbuildmat.2021.125465.
2 Yu, Ping, Kirkpatrick, R. James, POE, Brent, et al. Structure of calcium silicate hydrate (C-S-H): Near-, Mid-, and Far-infrared spectroscopy. Journal of the American Ceramic Society, 1999, vol. 82, no 3, p. 742-748.
3 I. Lecomte, C. Henrist, M. Liégeois, F. Maseri, A. Rulmont, R. Cloots, (Micro)-structural comparison between geopolymers, alkali-activated slag cement and Portland cement, Journal of the European Ceramic Society, Volume 26, Issue 16, 2006, Pages 3789-3797, ISSN 0955-2219,
https://doi.org/10.1016/j.jeurceramsoc.2005.12.021.

• Compressive strength
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• < 300 °C: Loss of physically adsorbed water and dehydration of geopolymer gels (N-A-S-H and C-A-S-H).
• 400-550 °C: Decomposition of illite and montmorillonite.
• 600-800 °C: Decomposition of carbonate minerals.

1 Shuang Tian, Peike Sun, Ting Li, Shanzhen Li, Liang Tang, Xianzhang Ling, Shi Liu, Experimental investigation of a mixture of coal gangue and rubber crumbs stabilized with a geopolymer cementitious material with freeze – Thaw cycle effects, Construction and Building Materials, Volume 493, 2025, 143337, ISSN 0950-0618.
2 Sen Wang, Lloyd Gainey, Daniel Baxter, Xiaodong Wang, Ian D.R. Mackinnon, Yunfei Xi, Thermal behaviours of clay mixtures during brick firing: A combined study of in-situ XRD, TGA and thermal dilatometry, Construction and Building Materials, Volume 299, 2021, 124319, ISSN 0950-0618, https://doi.org/10.1016/j.conbuildmat.2021.124319.
3 Yadong Li, Jianfeng Li, Jie Cui, Yi Shan, Yanfei Niu, Experimental study on calcium carbide residue as a combined activator for coal gangue geopolymer and feasibility for soil stabilization, Construction and Building Materials, Volume 312, 2021, 125465, ISSN 0950-0618, https://doi.org/10.1016/j.conbuildmat.2021.125465.

• TGA
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Si-O-Si
Si-O-AlO-H C-O-C

• FTIR

• 2800–3600 cm⁻¹: O-H stretching of adsorbed water and N-A-S-H/C-A-S-H gels.
• 1500 cm⁻¹: Carbonate (O-C-O) vibrations.
• 1100–1000 cm⁻¹: Si-O-Si and Si-O-Al stretching.
• 400 cm⁻¹: Si-O-Si and Si-O-Al bending.
Lecomte, I., Henrist, C., Liégeois, M., Maseri, F., Rulmont, A., & Cloots, R. (2006). (Micro)-structural comparison between geopolymers, alkali-activated slag cement and Portland cement. Journal of the European Ceramic Society, 26(16), 3789-3797.

Yadong Li, Jianfeng Li, Jie Cui, Yi Shan, Yanfei Niu, Experimental study on calcium carbide residue as a combined activator for coal gangue geopolymer and feasibility for soil stabilization, Construction and Building Materials, Volume 312, 2021, 125465, ISSN 0950-0618.
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q This study confirmed the potential of excavated clayey and silty soils as precursor
materials for geopolymer production.

qMeta-Si activation proved to be an effective strategy for improving the overall
performance of the developed materials.

q These findings provide a solid basis for the development of sustainable alternatives to
conventional cementitious materials.

Study the influence of mineral additions and the Na₂SiO₃/NaOH ratio on the performance
of excavated soil-based geopolymers.

Perspectives
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