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Abstract
[bookmark: _CTVP001cc787fd46f834c0c98c3a944b0a310c2][bookmark: _CTVP00199c82641f39f4d12937e43f2d678b14b][bookmark: _CTVP00197cd1e60cbeb40889d9b63a284f8534c][bookmark: _CTVP001d545c6b868f74924b2b65ed0f61159df]The biopolymer lignin, recovered as a byproduct from pulp and paper mills in large amounts, consists of a densely connected network of phenolic units and functional groups such as hydroxyl groups, carboxylic acids and aldehydes.[1] This makes its incorporation into polymeric binders desirable both in terms of the valorization of waste materials leading to a more circular economy, and in terms of the novel properties that it can introduce in binders. While lignin has already successfully been used to replace phenol in phenol-formaldehyde resins in various adhesive applications including particle boards[2], plywood[3] and laminated veneer lumber[4], its covalent incorporation into other binders not cured through condensation mechanisms remains underexplored. The reason for this lies on one hand in the difficulty of processing lignin, which is a non-melting solid with low solubility in common solvents, and on the other hand in its heterogeneity and multifunctionality, which make it difficult to produce a chemically exactly defined material from it. 
[bookmark: _CTVP00182d1a6e7057648baa895eb5180317f16]In this work, lignin was chemically modified with different renewable building blocks, such as succinic acid, 1,2-propanediol and fatty acids, and non-renewable building blocks, such as polyethylene glycol and ε-caprolactone, to give products suitable for use as binders in applications such as adhesives, coatings and printing inks.[5] Different methods are explored that allow the targeting of specific properties, such as the variation of the melting point and viscosity of the binders, as well as the tuning of the polarity to allow formulation in different solvents and for applications that require a certain hydrophobicity. Application examples which utilise the specific properties of lignin show that it is a very promising starting material for binder synthesis, and that many different products can be obtained through appropriate chemical modification.  
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Figure 1:

Representative structure of lignin
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