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Highlights
Efficient separation of cellulose, lignin, and polyethylene from kraft paper cups achieved through a sustainable deep eutectic solvent process.
Abstract
[image: ]Over time, the use of plastic packaging, initially regarded as an innovation in the materials market, has become an environmental concern. As an alternative, biomass-based lignocellulosic packaging has stood out for its more sustainable characteristics, such as paper cups.1 However, to ensure their effectiveness as packaging, a thin layer of polyethylene is applied as an impermeable barrier, which hinders the recycling process and makes the separation of its components a technical and economic challenge.2 In this context, this work aimed to separate the components of kraft paper cups — a multilayer material composed of lignin, cellulose, and polyethylene — using a deep eutectic solvent (DES) formed by choline chloride dihydrate and oxalic acid in a 1:1 molar ratio (ChCl/OA). To evaluate the purity and efficiency of the extraction, FTIR spectroscopy and thermogravimetric analysis (TGA) were employed. The separation process occurred in three stages: (1) dispersion of the cup components in the ChCl/OA DES; (2) separation and cleaning of the polyethylene; and (3) separation and purification of cellulose and lignin3 (Figure 1). The results indicated yields of 58.72% cellulose, 5.56% polyethylene, and 3.67% lignin relative to the initial paper mass, as well as 78.18% solvent recovery. Part of the DES was lost due to its high viscosity, and a fraction of the lignin remained dissolved in the solvent, giving it a dark coloration.4 Although still under optimization, the proposed methodology proved to be viable, allowing the isolation of distinct and purified fractions of polyethylene, cellulose, and lignin, contributing to the development of more sustainable recycling strategies for multilayer materials.
Figure 1. Schematic diagram of the extraction process of kraft paper cup components.
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