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Abstract. A bio-composite building material composed of locally sourced
soil reinforced with powdered apricot nut shells (PANS) was investigated
with respect to its hygroscopic behavior under different temperature
conditions. Moisture adsorption and desorption isotherms were determined
at 30 °C, 40 °C, and 50 °C using the static gravimetric method. The study
focused on a reference soil (0 % PANS) and a soil-PANS composite
containing 2 % PANS by mass. The results show that increasing temperature
leads to a systematic reduction in equilibrium moisture content, while higher
relative humidity enhances moisture uptake. The obtained sorption
isotherms exhibit a Type IV profile, characteristic of mesoporous materials.
The Peleg model provided an excellent fit to the experimental data for both
adsorption and desorption branches, with correlation coefficients exceeding
0.97. The incorporation of 2 % PANS modifies the moisture-buffering
behavior of the soil matrix by enhancing pore connectivity and moisture
retention capacity. These findings contribute to a better understanding of the
hygric performance of soil-PANS bio-composites and support their
potential application in sustainable building envelopes exposed to variable
climatic conditions.

Keywords: Bio-composite materials; Hygroscopic behavior; Sorption isotherms; Peleg model;
Sustainable construction; Moisture buffering capacity; Powdered apricot nut shells (PANS).

1 Introduction

Hygroscopic behavior plays a crucial role in the long-term performance of porous
construction materials, particularly those based on natural or bio-based constituents.
Moisture exchanges between materials and the surrounding environment directly influence
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durability, dimensional stability, and indoor hygrothermal comfort [1-3]. In earthen
materials, the ability to adsorb and desorb water vapor contributes significantly to the
regulation of indoor relative humidity and the mitigation of condensation-related pathologies.
In recent years, the building sector has shown growing interest in the development of
sustainable materials incorporating agricultural by-products, as such approaches reduce the
consumption of virgin resources and promote circular-economy strategies [4,5]. Among
these by-products, apricot nut shells represent an abundant yet underexploited residue of
fruit-processing activities. When ground into a fine powder, apricot nut shells exhibit a
porous structure and low density, making them suitable for incorporation into earthen
matrices [6,7]. Their use contributes not only to improved hygric performance but also to the
valorization of agricultural waste in construction materials [8].

The equilibrium moisture content of soil-based composites is mainly governed by ambient
relative humidity and temperature. As temperature increases, the kinetic energy of water
molecules rises, weakening hydrogen bonding forces and leading to a decrease in moisture
adsorption [9,10]. Conversely, under humid conditions, multilayer adsorption and capillary
condensation phenomena become dominant, especially in mesoporous materials [11].
Sorption isotherms therefore provide valuable insight into pore structure, moisture storage
capacity, and vapor—solid interactions.

The present study aims to investigate the influence of temperature on the hygroscopic
behavior of a soil-PANS bio-composite intended for building applications. The analysis
focuses on a comparison between a reference soil (0 % PANS) and a composite containing 2
% powdered apricot nut shells, through the determination of adsorption—desorption isotherms
and their modeling using the Peleg approach.

2 Materials and Methods

2.1 Preparation of powdered apricot nut shells

Apricot nut shells were first cleaned to remove residual organic matter, then oven-dried at 60
°C until constant mass. The dried shells were mechanically ground and subsequently sieved
using calibrated stainless-steel sieves. Only particles with a diameter equal to or smaller than
1 mm were retained. This granulometric control ensured uniformity of the powdered apricot
nut shells used in the composite formulation. Random samples of the powder were visually
inspected to confirm the homogeneity of particle size distribution.

2.2 Soil-PANS composite formulation

Local soil collected from the Marrakech region was air-dried and sieved at 2 mm to remove
coarse particles. Two formulations were investigated in this study: a reference soil without
PANS (0 % PANS) and a bio-composite containing 2 % PANS by mass. The soil and
powdered apricot nut shells were dry-mixed for 10 min using a mechanical mixer to ensure
uniform dispersion. Water was then gradually added, followed by additional mixing to obtain
a homogeneous paste. Cylindrical specimens were molded and dried to constant mass before
hygroscopic testing.

2.3 Hygroscopic measurements

Moisture adsorption and desorption isotherms were determined using the static gravimetric
method. Specimens were placed in sealed desiccators containing saturated salt solutions,
providing controlled relative humidity levels ranging from low to high values (Fig.1).
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Experiments were conducted at three temperatures: 30 °C, 40 °C, and 50 °C. Equilibrium
was assumed when the mass variation between two successive measurements was less than
+0.001 g.

The equilibrium moisture content was calculated according to:

(Mi—My)
Xeq = M—ff (1

where M; and M¢ denote, respectively, the initial and dry masses of the specimen.

Fig. 1. Experimental setup for adsorption—desorption measurements.

3 Results and Discussion

3.1 Effect of temperature on sorption behavior

Figure 2 presents the adsorption and desorption isotherms of the reference soil (0 % PANS)
and the soil-PANS composite containing 2 % PANS at different temperatures. All curves
exhibit a sigmoidal shape corresponding to Type IV isotherms, which are typical of
mesoporous materials.

For both materials, an increase in temperature results in a systematic decrease in equilibrium
moisture content at a given relative humidity. This behavior can be attributed to the reduction
in sorption energy as temperature rises, which limits the stability of water molecules adsorbed
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on the solid surface [12]. At high relative humidity levels, moisture uptake increases
markedly due to multilayer adsorption and capillary condensation processes.

Compared to the reference soil, the composite incorporating 2 % PANS shows higher
equilibrium moisture content over most of the relative humidity range. This indicates that the
addition of powdered apricot nut shells enhances the moisture storage capacity of the soil
matrix, most likely due to increased porosity and improved vapor-accessible pore networks,
in agreement with previous studies on bio-based composites [13,14].
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Fig. 2. Adsorption and desorption isotherms of soil-PANS composite at various temperatures.

3.2 Modeling and hysteresis analysis

Figure 3 presents the adsorption—desorption hysteresis loops of the soil-based material for 0
% PANS (reference soil) and 2 % PANS incorporation. The percentage values indicated in
the legend correspond to the mass fraction of powdered apricot nut shells added to the soil
matrix. Only these two formulations are considered, in accordance with the scope of the
study.

The Peleg model accurately represents both adsorption and desorption branches for the two
materials, with correlation coefficients exceeding 0.97 at all investigated temperatures. This
confirms the robustness of the model for describing the hygroscopic behavior of soil-PANS
composites.

The hysteresis observed between adsorption and desorption curves reflects capillary
condensation and ink-bottle pore effects typical of mesoporous structures [15]. Compared to
the reference soil, the composite containing 2 % PANS exhibits a wider hysteresis loop,
indicating enhanced moisture-buffering capacity. This behavior is attributed to modifications



EPJ Web of Conferences 371, 02001 (2026) https://doi.org/10.1051/epjconf/202637102001
AMT 2026

of the pore structure induced by PANS addition, which increase pore volume and improve
pore connectivity, thereby facilitating reversible moisture adsorption and release.
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Fig. 3. Hysteresis between adsorption and desorption curves for soil-PANS composite.

4 Conclusion

This study examined the temperature-dependent hygroscopic behavior of a soil-based bio-
composite reinforced with powdered apricot nut shells. The analysis focused on a reference
soil (0 % PANS) and a composite containing 2 % PANS by mass. The results demonstrate
that increasing temperature significantly reduces equilibrium moisture content, while higher
relative humidity enhances moisture uptake for both materials.

The incorporation of 2 % PANS modifies the hygroscopic response of the soil matrix by
increasing moisture storage capacity and enlarging the adsorption—desorption hysteresis
loop. The sorption isotherms exhibit a Type IV profile, confirming the mesoporous nature of
the composite, and the Peleg model provides an excellent representation of the experimental
data.

Overall, the results highlight the potential of soil-PANS bio-composites as moisture-
regulating building materials suitable for sustainable construction, particularly in climates
characterized by significant thermal and hygrometric variations. Future work will focus on
the investigation of thermophysical properties, such as thermal conductivity and diffusivity,
to further assess the building performance of these materials.
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