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Water pollution poses a significant global challenge, with contaminants such as antibiotics, organic dyes, and 
heavy metal ions threatening ecosystems and human health. Traditional remediation methods often rely on non-
renewable materials, exacerbating environmental strain. In this context, lignin, an abundant biopolymer and a 
major by-product of the pulp and paper industry, emerges as a promising resource for sustainable materials  
development. Annually, over 50 million tons of lignin are produced worldwide, yet only a fraction is valorized, 
with the remainder often discarded or burned for energy (Ge and Li, 2018).

Lignin, the second most abundant natural polymer after cellulose, possesses a complex aromatic structure 
rich in functional groups such as hydroxyl, carboxyl, and methoxy moieties, which confer inherent adsorptive  
properties. As a by-product of lignocellulosic biomass processing, it represents an eco-friendly alternative to 
synthetic  polymers,  aligning  with  circular  economy  principles.  Our  research  focuses  on  fractionating  and 
functionalizing lignin to enhance its  compatibility  with polymeric matrices,  enabling the creation of  hybrid  
microspheres  via  suspension  polymerization  or  photopolymerization  techniques.  These  methods  involve 
copolymerizing  lignin  derivatives  (e.g.,  kraft  lignin  or  lignosulfonates)  with  monomers  like  styrene, 
divinylbenzene, or 4-vinylbenzyl chloride, resulting in porous, high-surface-area materials (Ge and Li (2018),  
Goliszek et al (2019), Goliszek et al (2018)).

The synthesized microspheres exhibit tailored morphologies, with particle sizes ranging from 100-500 μm 
and specific surface areas up to 500 m²/g, as characterized by techniques including scanning electron microscopy 
(SEM), Fourier-transform infrared spectroscopy (FTIR), and Brunauer-Emmett-Teller (BET) analysis. Thermal 
stability, assessed via thermogravimetric analysis (TGA), reveals decomposition temperatures exceeding 300°C, 
attributed to lignin's cross-linking effects. These properties make the microspheres ideal for sorption applications.

In  sorption  studies,  the  lignin-based  microspheres  demonstrate  exceptional  performance  through 
mechanisms involving hydrogen bonding and π-π interactions between lignin's aromatic rings and pollutant’s 
structure (f.ex. tetracycline hydrochloride) or through ion exchange and complexation with lignin's functional 
groups in sorption processes of heavy metal ions, including Pb²  and Cu² (Goliszek-Chabros ⁺ et al (2025), Goliszek 
et al (2019), Geet et al (2016), Dai et al (2023)). 

This  research  supports  the  advancement  of  circular  economy  approaches  in  water  management  by 
valorizing an industrial by-product into high-performance, bio-based sorbents. It contributes to enhanced water 
circularity  through resource recovery from wastewater-generating industries,  advanced tertiary treatment  for 
emerging contaminant removal, and the production of safer reclaimed water suitable for multiple uses. The work 
focuses on industrial and urban water circularity, pollutant mitigation to reduce environmental and health risks,  
and the transformation of waste streams into valuable materials that close loops in the water-energy-food nexus. 
The regenerable  nature of  these microspheres,  combined with their  low-cost,  green synthesis,  enables cost-
effective innovations that foster systemic changes toward sustainable water reuse under climate pressures.

This  work not  only valorizes  lignin waste  but  also advances green chemistry by providing scalable,  
biodegradable alternatives for water remediation. Future directions include optimizing fractionation processes for 
diverse  lignin  sources  and  exploring  multifunctional  composites  for  simultaneous  pollutant  removal.  By 
transforming  industrial  by-products  into  high-value  materials,  this  research  contributes  to  sustainable 
environmental management.



Figure 1. SEM micrograph of lignin-containing polymer microspheres (Goliszek-Chabros et al (2025).
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