Oxidation Communications 48, No 1, 369-380 (2025)

Synthesis of eco-friendly plastics
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ABSTRACT

This research deals with the preparation and analysis of composites based on polylactic
acid (PLA) and natural fibres like jute, hemp, or sisal for environmentally friendly
and biodegradable green plastics. The fibre was pre-treated with alkali to enhance
its compatibility with the PLA matrix and composite specimens were produced with
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fibre fractions of 10, 20, and 30% based on the weight of the fibres. Mechanical
properties were assessed by tensile strength, flexural strength, and impact strength
tests according to ASTM procedure. The findings demonstrated that tensile and flex-
ural strength declined with fibre content, while impact strength increased; the best
improvement in tensile strength and impact strength was identified in the composites
of hemp-reinforced PLA with a tensile strength of 52 MPa and the impact strength
of 16 kJ/m? at 20% fibre loading. The thermal behaviour of the synthesised materials
was characterised by differential scanning calorimetry (DSC) and thermogravimetric
analysis (TGA). This indicates that 7, (melting temperature) and 7|, (glass transi-
tion temperature) increased slightly after the addition of fibres; nevertheless, the T
of PLA composites was approximately 155°C. On the other hand, thermal stability
improved with the addition of fibres in the PPSU matrix with 30% cofibre increasing
the temperature at 5% weight loss by 15%. Under the soil burying and composing
analysis test, testimonies have it that the composites still maintained an attribute of
being eco-friendly since they leap out 25% of their weight under the condition of
composing for 20 fibre reinforced PLA. In general, the research showed that natural
fibre-reinforced PLA composites provide better impact strength, fairly good mechani-
cal properties along biodegradability. The results obtained in these studies indicate
the possibility of using these materials as environmentally friendly substitutes for
conventional plastics, particularly for packaging and automotive sectors.
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AIMS AND BACKGROUND

Polylactic acid (PLA) is a biodegradable synthetic polymer that has emerged as a
popular green material in the packaging industry, and it is synthesised from renew-
able biomass feedstock including cornstarch and sugar cane instead of petroleum.
These favourable features render PLA suitable for green plastic development, in
addition to its environmentally friendly characteristics and comparable mechanical
reinforcement to certain synthetic polymers. However, the high degree of crystallinity,
inherent brittleness, and lower thermal stability of PLA still present some challenges
in applying PLA for more general use. Towards these ends, much attention has been
devoted to incorporating different materials, particularly natural ones, into the PLA
matrix to enhance its mechanical, thermal, and barrier properties while maintaining
its biodegradability'.

Silk natural fibres like jute, hemp, flax, sisal, and kenaf fibre have been proactively
defined as reinforcement for PLA composites. These fibres are generic, reusable,
and degradable, which makes the materials suitable for improving the mechanical
characteristics of PLA. Furthermore, they provide less carbon emissions than syn-
thetic fibres like glass or carbon automotive components®. The development of PLA
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