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Lignin, as the second most abundant biopolymer, plays a crucial role in the circular economy [1]. Its integration into linear low-density polyethylene (LLDPE) blends offers opportunities to enhance the sustainability and properties of the final material. The stiff and brittle nature of technical lignin, due to strong interactions and low molecular weight, complicates the creation of high-performance blends. To develop tailored lignin-based products, it is essential to understand the assembly and molecular architecture of lignin in polyolefin blends, correlate these with the final properties, and examine the molecular composition and structure of different lignin types.
In this work, two types of (hardwood and softwood) Kraft lignins and a hardwood lignosulfonate with monovalent counterions (Na+) were chosen for blending with LLDPE. 
The lignins were ground to 38-75 μm, blended with LLDPE (up to 10%) using a twin-screw extruder, and then injection molded into dumbbell-shaped specimens. Lignin-lignin interactions were investigated by a thoroughly characterization including gravimetric, spectroscopic, chromatographic, and thermal measurements. Interfacial interactions between lignin aggregates and LLDPE were studied using morphological and mechanical analyses. Additionally, soil burial and in-vitro fungal tests were conducted on the blends. 

The LLDPE blend containing 10% sodium lignosulfonate exhibited good dispersion (particles less than 200 nm) and a favorable combination of stiffness (0.7 GPa), tensile strength (11 MPa), elongation at break (47%), and thermal stability (455 °C). This blend also exhibited a weight loss ten times higher than neat LLDPE in biodegradation tests conducted in soil and Aspergillus niger cultures over 90 and 180 days, respectively. In contrast, blends with eucalyptus Kraft lignin had poor tensile strength, while blends with pine Kraft lignin had similar tensile strength to lignosulfonate-based blends but with lower biodegradation and thermal properties.
Coulomb forces in sulfite lignins with monovalent counterions enhance lignin disaggregation and miscibility during processing, improving the properties of LLDPE blends. Selecting the appropriate type of lignin can lead to the development of high-performance, sustainable polymer blends suitable for injection molding applications.
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