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Abstract
The current research focuses on the preparation and characterization of polystyrene/bentonite composite materials with 
improved physicochemical properties and biological activity. Bentonite particles were immobilized into the polystyrene 
matrix by mechanical dispersion, and composite films were obtained. New data on the structure and properties of polystyrene/
bentonite composites were discovered using SEM, optical microscopy, XRD, IR and UV spectrometry, tensile and micro-
biological testing. The effect of the filling agent on morphology and crystal structure composites was revealed. Insertion of 
bentonite into polystyrene resulted in an increase in interplanar layer distance in clay. It was found that the adsorption kinetics 
of methylene blue by pure polymer and the polystyrene/bentonite composite films was controlled by the pseudo-first-order 
kinetic equation. Isotherms were in good agreement with Langmuir model. For a composite with 5 wt% filler content, the 
maximum monolayer adsorption capacity was ten times greater than in the unmodified polymer. It was concluded that the 
modification of polystyrene with bentonite resulted in development of new adsorption-active centers. The strengthening 
testing results showed that insertion of bentonite (5 wt%) into the polystyrene matrix resulted in improved tensile strength. 
In addition, the polystyrene/bentonite composite films showed an antifungal effect against Candida albicans.

Keywords Polystyrene/bentonite composites · X-ray diffraction · IR spectroscopy · Tensile properties · Antifungal activity

Introduction

In recent years, considerable attention is given to research 
aimed to create multi-functional composite materials, based 
on natural or synthetic polymers filled with inorganic parti-
cles [1–3]. Among the inorganic particles that are most often 
used as fillers in polymers, one can refer to silica [4], carbon 
nanotubes [5], clay [6], and fullerenes [7–9]. This is largely 
due to the prospects for using these materials in engineer-
ing instrument, electronics, building sector, food industry, 
medicine, and etc. Suitable polymer fillers are laminar alu-
minosilicate, such as montmorillonite and bentonite.

Polymer/clay composites have attracted much attention 
for academic and industrial aspects, because they often 
exhibit remarkable improvement in material properties 
when compared with pure polymer. In these composites, 
the filler particles are dispersed in polymer matrix to provide 

enhanced tensile strength, decreased flammability, and 
increased biodegradability [10].

According to the literature [11–14], the preparation meth-
ods of polymer/clay composites can be classified into three 
categories: intercalation polymerization, polymer intercala-
tion by the solution method, and polymer intercalation by 
the melt method. An important advantage of the solution 
method is that it gives a good control over the homogeneity 
of the components, which helps to understand the intercala-
tion process and the morphology of composites. This also 
leads to a better understanding of the structure and dynamics 
of intercalated polymers in these composites.

Layered silicates, which are commonly used for the 
preparation of polymer/clay composites, refer to the same 
general family of 2:1 layered or phyllosilicates. Their crys-
tal structure consists of layers made up of two tetrahedrally 
coordinated silicon atoms fused to an edge-shared octahedral 
sheet of either aluminum or magnesium hydroxide [10, 15].

Bentonite is one of the best-known and most important 
clay minerals that can be used for intercalation of polymers. 
It is inexpensive, easily accessible, and environmentally 
friendly. Bentonite fillers are suitable for polymers because 
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