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ABSTRACT
The increase in industrial activity has led to a significant rise in human exposure to dyes and heavy metals. These
pollutants are classified as toxic and carcinogenic substances. The release of these substances into the environment
can cause a number of harmful effects. Consequently, various techniques are used to remove these pollutants.
However, adsorption remains the most suitable technology for this treatment due to its effectiveness and ease of
application. Nevertheless, the choice of adsorbents plays a decisive role and adds significant value to the
adsorption process.
The aim of this work is to develop bionanocomposites based on inexpensive and widely available biopolymers
supported by layered double hydroxides. Then, to assess the adsorption capacity of these hybrid materials in
removing dyes and heavy metals from aqueous solutions. To achieve this objective, methylene blue and Congo red
have been selected as representative examples of cationic and anionic dyes, respectively. Due to its high toxicity,
cadmium is chosen as a representative heavy metal.
The dyes adsorption was carried out using bionanocomposites based on sugarcane bagasse and layered double
hydroxides. These bionanocomposites are synthesized using three simple, different methods in order to investigate
the influence of the preparation protocol on the dye adsorption efficiency. Adsorption was studied by varying
several parameters, such as the pH of the solution, the adsorbent dose, the contact time and the initial dye
concentration. The results showed that the adsorption process is a rapid reaction. The pseudo-second-order kinetic
model provides the best fit with the experimental data on dye adsorption onto bionanocomposites. The adsorption
isotherm data for the dyes were well fitted to the Langmuir and Freundlich models.
The cadmium adsorption study was carried out through comparison of two bionanocomposites. One consists of
sugarcane bagasse and layered double hydroxides, whilst the other is based on chitosan and layered double
hydroxides. Various parameters were adjusted to control the operating conditions, such as the pH of the solution,
the amount of adsorbent, the contact time and the temperature. The adsorption isotherm data are in good
agreement with the Langmuir and Freundlich models. The calculated thermodynamic parameters indicated that the
adsorption process is endothermic and spontaneous.
The obtained results in this study have shown that all these bionanocomposites are cost-effective and alternative
adsorbents for removing toxic substances such as dyes and heavy metals from aqueous solutions.
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