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Abstract: The poly(lactic acid) (PLA) biodegradable polymer, as well as natural, siliceous reinforce-
ment in the form of diatomaceous earth, fit perfectly into the circular economy trend. In this study,
various kinds of commercial PLA have been reinforced with diatomaceous earth (DE) to prepare
biodegradable composites via the extrusion process. The structure of the manufactured composites
as well as adhesion between the matrix and the filler were investigated using scanning electron
microscopy (SEM). Differential scanning calorimetry (DSC) analyses were carried out to determine
crystallinity of PLA matrix as function of DE additions. Additionally, the effect of the ceramic-based
reinforcement on the mechanical properties (Young’s modulus, elongation to failure, ultimate tensile
strength) of PLA has been investigated. The results are discussed in terms of possible applications of
PLA + DE composites.

Keywords: PLA composites; diatomaceous earth; extrusion; biodegradable composites

1. Introduction

The latest trends in the development and manufacturing of novel materials are strictly
related to the idea of the circular economy because of the environmental concerns as well
as finite petroleum resources [1]. This approach particularly applies to polymer-based
materials and results in increasing interest in research and development (R and D) work
focused on biodegradable polymers.

One of the most promising and during the last decade the most intensively investigated
biodegradable polymer is poly(lactic acid) (PLA). An advantage of the PLA is its commercial
availability and remarkable properties which shall be tuned-up to meet the needs of
specific applications. Properties of PLA can be further enhanced by various reinforcements:
fibers (e.g., flax, kenaf, glass fibers) as well as particles (e.g., talc, hydroxyapatite, calcium
carbonate) [2]. In the context of circular economy, diatomaceous earth—naturally occurring
and consisting of fossilized remains of diatoms—is a promising modifier of PLA. One
characteristic feature of diatoms is their highly ornamented siliceous shells, called frustules,
which are known to have excellent resistance to cracking [3,4]. Recent research results
clearly show that diatoms may also impart useful functional properties to diatom-reinforced
composite materials [5–7].

Composites of PLA modified by DE have been recently studied by Dobrosielska
et al. [6]. They demonstrated that addition of diatomaceous earth results in an increase in
the tensile strength. Highest mechanical strength has been observed for the composites with
1 wt% of reinforcement, which transforms to 5.5 vol%. Additionally, intact diatoms frustules,
obtained by aqua-agriculture, have been used as PLA reinforcement by Li et al. [8]. They
reported penetration of the siliceous frustules by polymeric matrix. The results obtained
by X-ray diffraction and differential scanning calorimetry analysis revealed that this type
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