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Polyesters for Fibers

Project Overview

What are strategies to address the significant and growing amount of textile waste ending up

in landfills?

The textile industry is facing many sustainability challenges. Since 1975, annual textile production has
tripled from 34 million to 109 million tons. Currently, 92 million tons of textile waste are produced each
year, with a majority ending up landfilled. Fifty-seven million tons, or 52% of all new fibers and textiles,
consist of poly(ethylene terephthalate) (PET), commonly known as polyester. PET is synthesized from
terephthalic acid, a petroleum-derived monomer, and 1 kg of PET textile accounts for nearly 30 kg of
CO- equivalent, or CO-e, over its entire life cycle. PET textiles also contribute to microplastic pollution.
Biodegradable copolyesters derived from bio-based 2,5-furandicarboxylic acid offer a promising
solution to these environmental challenges.

ww This team, led by Professors Bradley Olsen and Gregory Rutledge (Chemical
Engineering), as well as graduate students Natalie Mamrol and Katharina Fransen,
is addressing this challenge through three significant efforts. First, they
implemented a high-throughput strategy to expedite the discovery of furanoate
copolyesters that may be suitable candidates to replace PET in textile applications.
They systematically screened 246 furanoate copolyester compositions for
crystallinity and biodegradability, two key factors influencing fiber processability
and environmental impact. The high-throughput tools developed and applied in this
work help overcome traditional barriers of time and material demands in polymer
development, allowing for rapid down-selection of promising chemistries from an
extensive design space.

Second, the team designed and constructed a custom polycondensation reactor to
precisely control polymer chemistry and scale up promising formulations for fiber-
spinning trials. By examining reaction kinetics during the polycondensation
process in situ, the work addresses significant bottlenecks in scaling, enabling
precise control over molecular weight and composition, which are crucial
parameters for producing fiber-grade materials.

Gregory Rutledge

Third, they uncovered critical insights into how common textile additives, such as dyes and chemical
modifiers, affect the biodegradability and microbial toxicity of textile materials and their resulting
microplastics. By analyzing approximately 16 isolated additives using high-throughput assays and
microbial models, this work bridges a critical knowledge gap created by the proprietary and complex
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nature of additive formulations. Each effort aims to lower the environmental impact and increase the
scalability and performance of alternative textile materials.

~
Q(} The project aligns closely with the MCSC'’s Circularity pathway.

Findings & Outcomes

Using a high-throughput approach, the team identified three possible replacements for

polyester, and addressed common challenges in how they might be scaled.

From the team’s extensive dataset, three furanoate copolyesters (with ethylene glycol as the majority
diol and 1,2-propanediol, 3-methyl-1,5-pentanediol, or triethylene glycol as the minority diol) emerge as
promising for fiber applications. In addition, 36 of the 224 copolyesters synthesized showed
biodegradability, and most copolyesters derived from crystallizable homopolyesters exhibited
crystallinity at low incorporations of the minority comonomer. As a rule, minority comonomer contents
as high as 46% were crystallizable, while contents greater than 20% were required for biodegradability.

The unique design of the “Kugelrohr” polycondensation reactor allows for easy scaling to 100-200 g
batches of copolyester while ensuring homogenous heating and adequate mixing. By scaling, the
researchers will have the capability to produce fibers and conduct more detailed analyses of the impact
of comonomer incorporation on biodegradability and mechanical properties.

Disperse dyes are polar molecules containing anthraquinone or azo groups, and are widely used for
dyeing polyester textiles. Subtle differences in the dye chemical structure resulted in significant
differences in the biodegradation rates of dyed and undyed polyesters. Cell toxicity is not the underlying
cause of reduced biodegradation, however; morphological changes in the cell colonies suggest that the
reduction in biodegradation rate stems from other factors.

Outcomes:
e “Screening of Bio-Based Furanoate Polyesters for Sustainable Fibers,” American Chemical
Society Spring 2025 Meeting and Expo; San Diego, Ca.

¢ “Impact of Additives and Dyes on the Biodegradability of Textile Materials,” American Chemical
Society Spring 2025 Meeting and Expo; San Diego, Ca.

Opportunities for Implementation

¢ The identification of three promising copolyesters with enhanced biodegradability and sufficient
crystallinity for the production of fibers with PET-like properties demonstrates the importance of
high-throughput methods to accelerate the discovery of next-generation textile fibers.

e Scale-up capabilities allow for more in-depth analyses of new bio-based copolyester
compositions and production of spools of fiber for subsequent development. Additional
experiments are necessary to find optimal spinning parameters.

¢ Collaboration with interested industrial partners would facilitate demonstration of the robustness
of these new fibers in knitting or weaving operations.



