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Abstract:

This study presents the development of sustainable biocomposites based on polylactic acid (PLA) reinforced
with Argania microcrystalline cellulose (A-MCC) extracted from argan nutshells, an abundant agricultural by-
product. Different A-MCC loadings (1 to 5 wt%) were evaluated to analyze their impact on the structural,
thermal, and surface properties of the composites. To improve interfacial compatibility, A-MCC was
functionalized using 3-aminopropyltrimethoxysilane, while PLA was modified with maleic anhydride-grafted
styrene-ethylene/butylene-styrene (SEBS-g-MA). These molecular modifications significantly enhanced
interfacial adhesion, resulting in notable improvements in mechanical strength (from 50.9 MPa to 62.5 MPa),
water resistance (contact angle increased from 74.7° to 84°), and thermal stability (from 357.2 °C to 367.1 °C).
The results highlight the crucial role of tailored chemical interfaces in enhancing the overall performance of
biocomposites, demonstrating their potential for sustainable and high-performance material applications.
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Introduction

Biocomposites, characterized by their rigidity, toughness, and lightweight nature, have attracted considerable
interest, thereby driving market growth. Lightweight biocomposite materials, particularly those reinforced
with fillers in a polymer matrix, have emerged as promising alternatives to conventional materials [1-4].
Recently, the use of biodegradable polymers has increased significantly in response to environmental concerns
related to solid waste management and the depletion of petroleum resources [5-8]. Polylactic acid (PLA), a
biocompatible and biodegradable polymer derived from renewable resources, exhibits advantageous physical
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properties that make it a sustainable alternative [9,10]. However, limitations such as low thermal stability and
high brittleness hinder its broader application [11].

Therefore, this study aims to clarify the contrast between the advantages of PLA and its limitations while
proposing innovative solutions to enhance its performance. The use of argan microcrystalline cellulose (A-
MCC) as reinforcement, derived from an agricultural by-product, represents a sustainable alternative to
mineral fillers. This work investigates the improvement of interfacial adhesion using silanes and SEBS-g-MA,
revealing significant potential for the development of high-performance and sustainable biocomposites.

Methodology

The matrix material used was polylactic acid (PLA) supplied by ExxonMobil Chemical, with a density of 0.9
g/cm?® and a melting temperature of 165 °C. Argan nutshells (ANS) were collected from local cooperatives
located in the Souss-Massa region, specifically in the province of Chtouka-Ait Baha (southwestern Morocco).
Prior to use, the argan nutshells were ground using a precision grinder (FRITSCH Pulverisette 19) equipped
with a 1 mm sieve. The resulting fraction was then sieved through a 100 pm mesh to remove any wax residues.
The coupling agent used was a styrene—ethylene/butylene—styrene triblock copolymer grafted with 1.4-2 wt%
maleic anhydride (SEBS-g-MA), supplied by Shell (Kraton FG-1901X).

To prepare A-MCC, ANS particles were treated with a NaOH solution for 24 hours. After neutralization with
acetic acid, the particles were dried. Bleaching was subsequently carried out in a NaOH/H,0, solution,
changing the particle color from brown to white. After cooling and washing to neutral pH, the samples were
dried to produce alpha-cellulose. The obtained alpha-cellulose was then hydrolyzed with HCI to extract A-
MCC, followed by rinsing with water to remove residual HCI.

The chemical composition of ANS particles was determined according to the French standard NF T 12-011.
Extractive substances were removed by extraction using an ethanol/toluene mixture (2:1, v/v). Hemicellulose
was extracted by alkaline treatment using a 2% (w/v) NaOH solution, while lignin content was determined by
acid hydrolysis using concentrated sulfuric acid, followed by gravimetric quantification.

Tensile tests were carried out in accordance with ISO 527-1:2012 using a Tinius Olsen Horizon H10KT
universal testing machine (USA), equipped with a 100R extensometer and a 5 kN load cell.

The tests were conducted at a crosshead speed of 20 mm/min. For each formulation, five specimens were
tested to determine the average mechanical property values.



Congres International de I’ Arganier 2024

30f7

Type of bio-filler  Cellulose (%) Hemicelluloses  Lignin (%)  Ash (%)
(%)
Almond shells 21.7 27.4 36.1 6.85
Coco shells 29.57 17.01 47.97 0.95 Results
and
Argan shells 25,7 34,3 34,5 5,4
Discussion

The chemical composition of the natural bio-filler, including cellulose, hemicellulose, lignin, ash, moisture,

and unidentified components, is detailed in Table 1. Minor components such as soluble extracts, proteins,

starch, and other inorganic products are also present. Substances other than lignin, cellulose, and

hemicelluloses are considered extrinsic components, including extractives and ash.
The chemical composition of the bio-filler depends on its origin, with cellulose generally representing the
major fraction (20-50%), lignin concentrations ranging from 20 to 50 wt%, and hemicelluloses accounting for
10-30 wt%. Cellulose fractions are particularly high in wood flour, followed by apricot shells. Notably, the ash
content of almond shells reaches 6.85%, which is higher than that of other bio-fillers. As these compounds are

heteropolymers, they exhibit significant chemical variability depending on their origin and strongly influence
the overall properties of the bio-filler.

Table 1: Chemical (lignocellulosic) composition of the selected bio-fillers.
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Tensile Test

The overall mechanical properties of polymers and biocomposites depend on several factors, such as the aspect
ratio of the reinforcement, the crystallinity of the polymer matrix, the optimal amount of reinforcement, and
the interfacial adhesion between the polymers and the reinforcements. Figure 2 presents a comparison of the
essential mechanical properties of PL.A and its biocomposites.

As expected, the incorporation of A-MCC fillers leads to a substantial improvement in the stiffness of all
nanocomposites compared to the neat PLA matrix. The Young’s modulus, plotted as a function of A-MCC
content, shows a remarkable increase with increasing filler loading, which is more pronounced for the sample
containing the highest percentage of A-MCC. For instance, the Young’s modulus increased by 40.2%, rising
from 1680 MPa for neat PLA to a maximum value of 2354 MPa for the biocomposite containing 5 wt% A-
MCC.

In contrast, lower improvements were observed for the ternary and silanized biocomposites, with increases of
31.2% and 28.9%, respectively, compared to native PLA. This enhancement in Young’s modulus can be
attributed to the high strength of microcrystalline cellulose as a reinforcing material, providing greater stiffness

and resistance than the PLA matrix, as well as to its good dispersion and distribution within the matrix.
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Figure 2 : Tensile Properties (Young’s Modulus) of Biocomposites
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Conclusion

Microcrystalline cellulose (MCC) was successfully prepared from argania waste. The effects of hydrolysis
conditions were evaluated, followed by an orthogonal experimental design to optimize four parameters:
hydrochloric acid concentration, hydrolysis temperature, reaction time, and solid-to-liquid ratio.
Characterization results revealed that argania MCC exhibits a cellulose I crystalline structure. The MCC is
characterized by shorter fibers with a rough surface morphology and perforations, as observed through
scanning electron microscopy (SEM) analysis. Thermal analysis demonstrated that the MCC possesses good
thermal stability.

Based on the obtained results, it can be concluded that hydrolysis is an appropriate technique for producing
MCC, and that argania MCC can serve as a safe and promising source for the production of biocomposites,
while also providing a sustainable alternative for the valorization of argania waste.

Furthermore, the high mechanical properties of the MCC used (Young’s modulus and tensile strength)
contribute to the enhancement of the mechanical properties of the final biocomposite. However, many other
parameters, such as chemical surface modification, filler content, MCC dispersion and distribution within the
polymer matrix, processing temperature, and the addition of compatibilizers, also influence the mechanical
and other functional properties of the biocomposites.

The technological maturity of this innovation is currently at TRL 4 and is progressing toward TRL 5-6 through
ongoing prototyping activities aimed at validation and demonstration under industrial conditions.
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