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Abstract. Synthetic nanomaterials have the disadvantages of large-scale investment, high energy 

consumption, complex production process and heavy environmental load. Palygorskite mineral nanofibers 

are typical porous materials widely existing in nature and have the advantage of high surface area, moderate 

cation exchange capacity and excellent salt resistance, which have been widely applied as adsorbents in the 

dyes’ removal from waste water. Due to the aggregation of palygorskite crystal bundles, it is difficult to totally 

release the adsorption capacity of palygorskite. Therefore, it is necessary to modify the microscopic structure 

of palygorskite with various physical or chemical techniques. Based on the above reason, this paper briefly 

summarizes the palygorskite-based composites research progress of palygorskite mineral nanofibers, and 

related research orientations have also been proposed. 

Introduction 

Palygorskite is a naturally available layer- ribbon porous hydrated magnesium aluminum silicate clay mineral, 

belonging to orthorhombic monoclinic system with the theoretical formula of Mg2Al2Si8O20(OH)2 

(OH2)4·4H2O [1, 2]. The layer-ribbon porous structure is formed via alternately stacking Mg, Al, O 

octahedral layer and Si, O tetrahedral layer, making it many physical and chemical properties due to the 

special structure features of palygorskite [3-6].  

 

 

Fig.1 Diagram of crystal structure of palygorskite 
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The diagram of crystal structure of palygorskite is shown in Fig. 1. Basic construction unit of palygorskite 

is composed of double ribbons of SiO4 tetrahedron, parallel to the c-axis. Each ribbon is connected to the 

next by the inversion of SiO4 tetrahedron along the oxygen atom. This kind of arrangement makes the 

tetrahedrons continuously bonded via the ribbons, thereby composing of ribbons of phyllosilicate [7-9]. From 

the cross section vertical to the c-axis, the octahedron is sandwiched by two tetrahedron layer units to 

constitute the layer- ribbon units, forming zeolite-like channels with a size of about 0.38 nm×0.63 nm via the 

alternate arrangement of layer-ribbon units and channel units [10, 11]. Palygorskite has the peculiar structure, 

which contains zeolite water channels and pores making organic molecules and ions entering the inner 

structure of palygorskite, and exhibits good adsorption properties, rheological properties and catalytic 

performance [12, 13]. 

Palygorskite-Based Composites for the Adsorption of Dyes  

In practice, some simple operation processes are applied in the preliminary process of the raw mineral to 

improve the adsorption and slurrying properties. However, it is limited that the adsorption capacity of 

palygorskite toward dyes can not be enhanced via these traditional methods. It is indispensable to adopt other 

treatments to modify the microstructure of palygorskite for the improvement of adsorption capacity, such as 

acid-activation, alkali-activation, thermal treatment, hydrothermal treatment and solvothermal treatment [14]. 

In recent decades, many reports mainly focus on the preparation pf palygorskite-based composites in 

order to improve the adsorption capacity and the active adsorption sites of palygorskite. 

Clay/Palygorskite Composites  

It is scarcely reported that the clay composite adsorbents consist of palygorskite and other clay minerals for 

the adsorption of dyes. A kind of mineral aggregate in natural sediments named diatomite is usually composed 

of amorphous silica and some other minerals. Due to the high porosity, diatomite displays excellent 

absorbability [15]. Based on the characteristics of diatomite and palygorskite, the palygorskite/diatomite 

composites are prepared by compounding, granulation, calcination and activation [16]. 

Bentonite is one kind of natural two-dimensional phyllosilicates with high specific surface area and high 

cation exchange property [17]. Meanwhile, the type of salt is adopted to fix dyes on the textile, but the salt 

resistance and hydration rate of palygorskite is higher than that of bentonite. 

Carbon/Palygorskite Composites 

Activated carbon has been worldwide introduced as adsorbents for the organic or inorganic pollutants’ 

removal from the waste water treatment through the shift from the liquid phase to the solid phase [18]. 

However, the application of activated carbon as adsorbents in the waste water treatment is limited due to the 

high fabrication costs, which is motive to explore low-cost precursors for the replacement of the costly 

activated carbon [19, 20]. 

As a novel adsorbent, carbon/clay mineral composite has paid substantial attention to the potential 

applications of the water treatment [21]. In recent decades, Wu’s group [22] focused on the preparation and 

properties of one-dimensional carbon/palygorskite composites. In 2013, the modification of palygorskite and 

the study on morphology and adsorption properties were carried out via a series of biomass carbon sources 

incorporating xylose, fructose, sucrose and cellulose via hydrothermal method [23]. Liu et al. [24] addressed 

the fabrication of carbon/palygorskite nanocomposites through a facile one-pot hydrothermal process in the 

existence of palygorskite and D-xylose. Anadão et al. [25] prepared the carbon/montmorillonite composites, 

which were derived from the used bleaching montmorillonite salt for the adsorption of MB and gasolin. 

Wang’s group [26, 27] prepared carbon/palygorskite composites by one-step carbonization process with 

the palygorskite –based spent bleaching earth as the raw materials. 
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Palygorskite-Based Composite Hydrogels for the Adsorption of Dyes 

Hydrogel is a physically or chemically cross-linked natural or synthetic 3D network, and the hydrophilic 

structure renders them capable of holding large amounts of water in their three-dimensional networks [28]. 

Since hydrogels have the unique properties and numerous hydrophilic groups (amido, amino, carboxyl, 

hydroxyl, etc.) in the polymer chains,  this series of hydrogels have been employed in a variety of industries, 

such as agriculture (water-reserving in soil and controlled release of agrochemicals), drug delivery system, 

separation technology, sludge/coal dewatering and so on [29, 30]. Recently, the trend of research has 

engaged in the integration of functional nanoparticles, such as quantum dot, metal or metal oxide and 

carbon-based nanocomposites so as to obtain hybrid composite hydrogels with fluorescene, magnetism, 

dielectric and catalytic properties for a large amount of practical usages [31-33]. The conclusion has been 

drawn that the composites of hydrogels not only overwhelm the disadvantages of hydrogels by combining the 

advantages of constituents, but also reduce the capital of the industrial polymers. 

The superiority of clay-based hybrid hydrogels is obvious for removal of heavy metal ions, dyes and other 

pollutants. First, the assembly of the palygorskite-based materials into hydrogels can cut down the cost of 

water treatment, which vastly impacts the improvement of water treatment industry. Second, the diversity of 

clay materials leads to different kinds of hybrid hydrogels with specific pore structure, which contributes to the 

adsorption capacity towards pollutants. Third, the incorporation of clay minerals can improve the mechanical 

properties of hydrogels, which makes the recycling of adsorbents into reality. The presented 

palygorskite-based hydrogels are comprised of bulk hydrogels, granular hydrogels and 

environmental-sensitive intelligent hydrogels. 

Bulk Hydrogels 

During the synthesis process of hydrogel, palygorskite can be integrated into the polymeric network to form a 

loose and porous surface. The hybrid hydrogels have the properties of various adsorption sites, high 

adsorption rate and low cost of the preparation process. Li et al. [34] firstly synthesized poly (acrylic acid) / 

palygorskite superabsorbent composite by graft copolymerization reaction of acrylic acid on palygorskite 

using N, N-methylenebisacrylamide and ammonium persulfate as crosslinker and initiator, respectively. In 

order to improve the water absorbency of a superabsorbent in saline solution, the nonionic monomer of good 

salt-resistant acrylamide was introduced into poly (acrylic acid)/ palygorskite composites to prepare the poly 

(acrylic acid-co-acrylamide)/ palygorskite composites. Wang et al. [35, 36] studied on the adsorption 

properties of the (acrylic acid-co-acrylamide)/ palygorskite composites towards methyl violet and prepare 

chitosan-g-poly (acrylic acid) / palygorskite composites for the removal of methylene blue from aqueous 

solution.  

Based on the above research achievements, the fabrication of the palygrskite-based hybrid hydrogels 

incorporated the organic crosslinker. Therefore, Liu et al. [37,38] improved the approach to synthesize the 

palygorskite/poly (acrylic acid) composite microgels via the one-pot radical polymerization with 

multi-functionalized palygorskite as crosslinker, and the prepared composites exhibited better mechanical 

stabilities and selective adsorption to heavy metal irons, especially to Pb2+ . 

Granular Hydrogels 

The usual polymerization techniques such as emulsion polymerization, suspension polymerization, dispersion 

polymerization and precipitation polymerization have been adopted to synthesize the granular hydrogels [39]. 

However, during the reaction process, a large amount of toxic organic solvents, surfactants and dispersants 

are by-products, which may bring about the rise of the production cost, the environmental pollution, etc. 

In recent decades, Wang’s group [40] dedicated in the fabrication of granular hydrogels and clay-based 

hybrid hydrogels and the vastly usage of adsorption heavy metal ions, rare earth ions and dyes. Additionally, 

the oxidation-reduction initiator system composed of vitamin C and H2O2 was also successfully chosen to 

fabricate the granular hydrogels, which could get rid of the influences of iron element on the particles [41]. 
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Summary and Proposals in Future 

Based on the studies on comprehensive literatures, the conclusion can be made as follows. Firstly, the original 

separation methods of adsorbents from solution are filtration, sedimentation and centrifugation, and all of 

these methods are time-consuming and uneconomic. The magnetic separation technology has been 

demonstrated as a kind of effective, rapid and cheap separation technique to separate the palygorskite-based 

adsorbents from the solution after adsorption pollutants. Therefore, it is indispensable to explore the facile 

approach to prepare the palygorskite-based composites with functional groups to accomplish the 

high-efficiency adsorption and separation process. Secondly, the sustainable application of the spent 

palygorskite-based adsorbents loading of dye molecules or other pollutants should be taken into account. The 

last but not least, it is the inevitable trend in future to optimize the functionalization of adsorbents. In summary, 

although it has been explored that a variety of adsorbents are devoted to remove pollutants from aqueous 

solution, more studies need to be accomplished. 
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