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A B S T R A C T

With the continuous increase in the demand of dyes, the dye wastewater is becoming a major
environmental threat. Adsorption techniques are widely used to remove dyes from wastewater using clay
minerals, especially a naturally available one-dimensional palygorskite due to high surface area,
moderate cation exchange capacity, excellent salt resistance compared with other clay minerals.
Although the maximum adsorption of natural palygorskite toward dyes far exceeded the cation exchange
capacity of palygorskite, it is difficult to completely release the adsorption capacity of palygorskite
toward dyes due to the existence of the bulk crystal bundles or aggregates originated from the
interparticle Van der Waals’ and hydrogen bonding interactions. Therefore, it is indispensible to
disaggregate palygorskite crystal bundles and introduce functional groups to improve the microscopic
structure of palygorskite and increase the adsorption sites via various physical and chemical
modifications. This review article summarizes the development on the modified palygorskite with
different physical or chemical methods and palygorskite-based composite used as adsorbents for the
adsorption of dyes from aqueous solution by reviewing a comprehensive literature combined with our
group’s research achievements. In addition, few conclusions and suggestions have been proposed for
future research.

ã 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

The dye effluent is one of the most serious water pollution
sources related to various industries such as textile, paper, plastic,
leather, etc. It is difficult to exactly estimate the amount of dyes
discharged from various processes in the environment. However, it
is reported that approximately 100 tonnes/year of dyes is dis-
charged into water streams with a consumption of more than
10,000 tonnes/year in the textile industry worldwide [1]. Due to
the growing use of dyes, the dye wastewater is becoming a major
environmental threat, even very small amounts of dyes in water
(less than 1 ppm for some dyes) is highly visible and undesirable.
However, it remains a difficult challenge to remove these dyes from
wastewater, especially the removal of the low concentration of
dyes. In recent decades, several physical, chemical and biological

techniques have been reported to remove dyes from wastewater
including adsorption, coagulation, membrane separation, chemical
oxidation, photocatalytic degradation, electrochemical and aerobic
and anaerobic microbial degradation, etc [2–8]. By contrast,
adsorption is one of the most effective and feasible methods for
the wastewater treatment owing to high efficiency, ease of
operation and insensitivity to toxic pollutants. Adsorption as
technique for dye adsorption can be traced back in 1912, which was
employed to separate particular dye molecules [9]. In recent years,
many efforts have been spent in developing the low-cost and high-
effective adsorbents, such as natural materials, biosorbents, and
solid wastes from agriculture and industry, as shown in Fig. 1.
Among them, natural clay minerals (Fig. 2) are familiar to mankind
from the earliest days of civilization, and they are acknowledged to
be exceptionally promising candidates as low-cost, sustainable,

Fig 1. The common low-cost adsorbents for the removal of dyes from aqueous solution.
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