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h i g h l i g h t s

" Lignosulfonate (LS) is the important pollutant in pulp and paper mill wastewater.
" The kinetic and equilibrium studies on LS adsorption by fly ash were conducted.
" LS could be adsorbed onto fly ash with good removal efficiency.
" The adsorption process could be influenced by the solution chemistry.
" Fly ash as low-cost adsorbents showed the potential for the removal of LS.
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a b s t r a c t

Experiments were performed to determine the adsorption of calcium lignosulfonate (CLS) onto Shand and
Boundary Dam (BD) coal fly ashes. The results showed that both Shand and BD fly ashes exhibited poten-
tial for CLS adsorption. The removal efficiency increased with increasing adsorbent dosage and the max-
imum was obtained in the dosage of 20 g/L. Adsorption processes were time-dependent and the maximum
adsorption capacity was achieved in the contact time of 120 min. Also, the processes were temperature-
dependent and the maximum adsorption capacity was obtained at 20 �C. Additionally, adsorption of CLS
could well fit the Pseudo-second-order kinetic model and the isotherm experimental data were correlated
well with the Freundlich and Langmuir equations. Thermodynamic studies suggested that the adsorption
of CLS onto both kinds of fly ashes was exothermic, the thermodynamic parameters were as follows: DG
(4.56, 5.06 kJ/mol), DH (�15.58, 12.12 kJ/mol), DS (�0.0688, �0.0588 kJ/(mol K)) for Shand and BD fly
ashes, respectively. Adsorption efficiency decreased with increasing pH over the range pH 2–8 and there
was a slight increase as pH further increased. The maximum was obtained in pH 2–3. Also, the adsorption
behaviors of CLS onto fly ash could be influenced by the ionic strength and the maximum was obtained in
NaCl concentration of 0.1 mol/L. The results will have significant implications for the treatment of complex
pulp and paper effluent by adsorption on low-cost adsorbents.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

A large quantity of wastewater has been generated from various
processes of the pulp and paper industry all over the world [1]. The
pulp and paper mill wastewater (PPMW) exhibits the high level of
chemical oxygen demand (COD), suspended solids (SS), toxicity,
and color, which may lead to the pollution of surface water [2].
The composition of the PPMW may vary considerably, depending
on the type of process, type of the wood materials, process technol-

ogy applied, management practices, etc. [3]. As a regenerative raw
feedstock, lignocellulosic material (LCM), including cellulose pulp,
agricultural residues, waste paper, and non-wooden materials, has
been widely used in paper production. Correspondingly, the pro-
duced wastewater often include large amount of lignosulfonate
(LS) in manufacturing process of cellulose by the sulfite pulping
method [4]. LS, as the sulfonated derivative of lignin, is a tridimen-
sional phenolic polymer which can be formed through a dehydrog-
enative polymerization of three phenylpropanoid precursors
linked together by different bonds. The sulfonation of side chains
makes LS to exhibit a higher resistance to biodegradation even
than lignin [5]. The release of excess LS presents a significant risk
for environment. Thus there is an urgent need for effective and safe
treatment of such pollutant.
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