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Abstract: This study realized the in situ synthesis of carboxymethyl lignin (CML) based on the inherent alkaline
environment of black liquor. Compared with conventional methods, this approach avoids the addition of external
alkali, simplifies the production process, and significantly reduces production costs. The effects of reaction
conditions on the conversion rate and carboxyl content of CML were systematically investigated, and the influence of
factors such as pH and solution ionic strength on intrinsic viscosity, particle size, and dispersibility was further
explored. The results showed that under a reaction temperature of 70 ‘C and a material ratio of 1:1, the conversion
rate of CML reached 86.21%, with a carboxyl content of 2.185 mmol/g. The dispersibility evaluation using a silica
suspension indicated that CML with a carboxyl content of 2.185 mmol/g exhibited good stability at pH 7, with the
stability index decreasing to 1.02. Furthermore, the effects of solution concentration, pH, and ionic strength on the
molecular ionization, chain conformation, and aggregation behavior of CML were investigated, and a model

describing its aggregation mechanism in aqueous solution was constructed.
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Fig. 1  Flowchart of the in situ synthesis of carboxymethyl lignin from papermaking black liquor
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Fig. 2 Effects of reaction temperature and reagent ratio on conversion rate and carboxyl content
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Fig. 3 FT-IR and XPS spectra of lignin before and after modification
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Fig.7 Schematic illustration of the effects of concentration, solution pH, and ionic strength on the solution behavior of sodium

lignocarboxylate in water
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