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Abstract

The growing environmental concerns associated with petroleum-based plastics have accelerated the development of
sustainable polymeric materials derived from renewable resources. Starch and tannins are among the most promising
natural feedstocks due to their abundance, biodegradability, low toxicity, and excellent chemical functionality.
Thermosetting resins synthesized from these biomaterials exhibit improved mechanical strength, thermal stability, and
environmental compatibility while reducing dependence on fossil resources. This mini-review summarizes the chemistry
of starch and tannins, green synthesis approaches, material properties, applications, and current challenges. The review
highlights the potential of starch—tannin thermosets as eco-friendly alternatives for packaging, wood adhesives, coatings,
and composite materials.
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1. Introduction

The widespread use of petroleum-derived plastics has resulted in severe environmental issues, including plastic
accumulation, greenhouse gas emissions, and depletion of non-renewable resources. Sustainable bio-based polymers
have emerged as viable alternatives that support circular economy principles. Among these, starch is an inexpensive,
renewable polysaccharide with excellent film-forming ability, whereas tannins are naturally occurring polyphenols that
provide rigidity, antioxidant activity, and enhanced thermal stability.

When combined through environmentally friendly crosslinking reactions, starch and tannins form three-dimensional
thermosetting networks capable of replacing conventional phenol-formaldehyde and epoxy resins in several engineering
applications.
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2. Literature Review Methodology

This review summarizes recent publications (2015-2025) retrieved from major scientific databases, including Scopus,
Web of Science, ScienceDirect, and SpringerLink. Articles focusing on starch-based thermosets, tannin-derived
polymers, formaldehyde-free adhesives, and sustainable resin technologies were critically analyzed.

Figure 1. Sustainable Thermosetting Resin Production
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3. Results and Discussion
3.1 Chemistry of Starch and Tannins
Starch consists of amylose and amylopectin, whose hydroxyl groups readily participate in crosslinking reactions.
Tannins contain multiple phenolic hydroxyl groups that contribute to dense polymer networks, improved thermal
resistance, and enhanced mechanical strength.
3.2 Green Synthesis
Recent research emphasizes formaldehyde-free curing systems using citric acid, glyoxal, and bio-based epoxy
compounds. These green crosslinkers produce environmentally friendly thermosetting resins with reduced toxicity and
lower carbon footprints.
3.3 Properties and Applications
Starch—tannin thermosets demonstrate:

e Improved tensile strength and hardness

e Better thermal stability and flame resistance
e Biodegradability and low environmental impact
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e Reduced dependence on fossil-derived chemicals

Table 1. Comparison of Conventional and Bio-Based Thermosetting Resins

Property Petroleum-Based Resin Starch—Tannin Resin
Raw material ~ Fossil resources Renewable biomass
Biodegradability Poor Excellent

Toxicity Moderate—High Low

Carbon footprint High Low

Sustainability =~ Limited High

3.4 Challenges and Future Scope

Despite significant progress, starch-based thermosets remain susceptible to moisture absorption and variability in natural
raw materials. Future research should focus on nanofiller reinforcement, self-healing bioresins, advanced green
crosslinkers, and scalable manufacturing processes to improve commercial viability.

4. Conclusion

Starch and tannins offer a sustainable platform for developing next-generation thermosetting resins. Their renewable
origin, biodegradability, and favorable mechanical properties make them attractive alternatives to petroleum-based
polymers. Continued advances in green chemistry, nanotechnology, and materials engineering are expected to accelerate
their adoption in packaging, construction, coatings, and composite industries, supporting the transition toward a circular
bioeconomy.
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