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Adsorption characteristics of carboxymethylated lignin
at a hydrophobic solid/water interface
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Abstract Carboxymethylated lignin (CML), a water-

soluble lignin derivative with more carboxylic groups

introduced by chemical modification, can be used as dis-

persant in industry. In this paper, using the methods of zeta

potential measurement, X-ray photoelectron spectroscopy

and UV spectroscopy, natural graphite (NG) and high-

purity graphite (HPG) were selected to investigate the

adsorption characteristics of CML at the hydrophobic

solid/water interface. The adsorption isotherm of CML on

HPG was more suitable for the Langmuir model than the

Freundlich model, whereas the opposite result was

obtained for the adsorption of CML on NG. Moreover, the

amounts adsorbed of CML on HPG increased with higher

ionic strength and lowering solution pH. However, the

uptake of CML on NG increased dramatically with adding

NaCl under acidic condition, while the ionic strength had

no obvious influence on the adsorption under neutral con-

dition. With increasing solution pH, the amounts of CML

adsorbed on NG were dropped under acidic condition

followed by increases under alkaline condition. It is sug-

gested that the interactions between CML and the minor

metallic impurities on NG surface probably contribute

considerably to the differences between adsorption

behaviors of CML on NG and HPG in varying solution

conditions. Moreover, the results showed that the

adsorption mechanism of CML at graphite/water interface

could be described by Lennard-Jones potential.
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Introduction

Lignin is a kind of natural polymer widely found in wood

and plant resources, and it is generally present as byproduct

in industry, i.e., acid lignin from the bioethanol production

using acid saccharification [1–3] and alkali lignin in con-

sumed soda pulping liquor of paper and pulping industry

[4]. With the severe problems of scarce natural resources

and environmental deterioration, utilization of the waste of

biomass in industry has attracted worldwide concern.

Preparation of water-soluble carboxymethylated lignin

(CML) from acid lignin or alkali lignin by chemical mod-

ification is one of the effective methods, and CML with

more carboxylic groups is endowed with special functions

like chelating metal ions [5]. In view of the favorable ad-

sorptivity and dispersive ability, CML can be used in many

areas, such as ceramics [1], gypsum paste [3], graphite [6]

and wastewater treatment [2, 5]. As it is known, study on the

adsorption of polymer on solid surface plays an important

role in many industrial processes such as mineral flotation

and dispersion of solid particles [7]. Therefore, the perfor-

mance of CML depends on its adsorption properties at solid/

liquid interface. A better understanding of the adsorption

characteristics of CML is essential to facilitate its value-

added applications in industries.

As it is known, due to the complex and irregular surface

of the dispersed solid particles, it is difficult to reveal the

adsorption characteristics of polymer at solid/liquid
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