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Clays and clay minerals influence the source, transformation, and mobility of 
contaminants via diverse interfacial reactions and processes in the natural environment. 
Owing to their unique physicochemical characteristics, clay materials can immobilise 
and/or eliminate both inorganic and organic environmental contaminants from soil, 
water and air. Following physical, chemical or biological modifications, the contaminant 
immobilisation or clean up abilities of clays can be further enhanced, leading to practical 
applications of these engineered materials for wastewater treatment, soil remediation or 
air filtration. Various routes of modification, such as with surfactants, polymers, metals, 
nanoparticles and microorganisms, can yield improved functionality and performance of 
clay minerals for the remediation of environmental contaminants. This session aims to 
provide a platform to share and discuss recent research advances on the interactions of 
natural and modified clay materials with organic, inorganic and biological contaminants 
in liquid, solid and gaseous phases. Papers highlighting methodological advancement to 
unravel complex clay-contaminant interactions, and performance evaluations and 
standardisation of mineral materials under pilot and field-scale applications, are also 
welcome. The conveners of this session plan to arrange a special issue of a high-quality 
journal with submissions of full papers presented in this session. 
 
Keywords: Clay-contaminant interactions, Clay modification, Environmental 
biogeochemistry, Environmental remediation, Functional clay materials, Interfacial 
reactions and processes. 
 
Potential Journals: Chemical Engineering Journal, Environmental Pollution, Journal of 
Hazardous Materials, Applied Clay Science, Clays and Clay Minerals.  
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Clay-polymer nanocomposites for pollutant adsorption – from design to application  

Clay-polymer nanocomposites (CPNs) have been studied for more than two decades as 
sorbents for water pollutants, but their applicability remains limited. Our aim in a recent 
review in Water Research was to present the latest progress in CPN research using a meta-
analysis approach and point out the key steps necessary to bridge the gap between the 
basic research and CPN application. Based on results extracted from 99 research articles 
on CPNs and 8 review articles on other widely studies sorbents, CPNs had higher 
adsorption capacities for several inorganic and organic pollutant classes (including heavy 
metals, oxyanions, and dyes, n = 308 observations). We applied principal component 
analysis, analysis of variance, and multiple linear regressions to test how CPN and 
pollutant properties correlated with Langmuir adsorption model coefficients. Adsorption 
was mainly influenced by CPN fabrication method, polymer functional groups and 
pollutant properties. For example, among the pollutant classes, heavy metals had the 
highest adsorption capacity but the lowest adsorption affinity. On the other hand, dyes 
had high adsorption affinities, as reflected by the linear correlation between adsorption 
affinity and pollutant molecular weight. Scaling from ‘Scientific investigation’ to a 
‘technological application’ requires testing CPN performance in real water, application in 
columns, comparison to commercial sorbents, regeneration, and cost evaluation. 
However, our survey indicates that of the 158 observations, only 20 compared the CPN’s 
performance to that of a commercial sorbent. 

We suggest that future research must also consider the overlooked aspect of polymer 
conformation on the clay mineral surface, and its influence on CPN adsorption 
performance. Polymer adsorption on a clay mineral often transitions from a flat 
conformation, as monomer “trains”, to an extended conformation, as monomer “loops 
and tails”. Polymer loading, chemistry, and conformation on the clay surface should be 
thoroughly characterized in future studies, and the effects of these physicochemical 
properties on adsorption performance should be tested to optimize CPNs.  

Our recent studies indeed addressed this approach. Polycation configuration at the 
adsorbed state - as trains, loops and tails - was controlled by 1. solution ionic strength 2. 
polycation concentration 3. polycation charge density. Composite micro- and nano-
structure was characterized by zeta potential, FTIR, X-ray diffraction and thermal 
gravimetric analyses. The removal of the micropollutants from tap water or from treated 
wastewater by composites in which the polycation adsorbs as loops and tails, was 
significantly higher than by the composites in which the polycation is dominantly as trains, 
even upon normalizing to the polymer loading. On the other hand, polymer configuration 
did not affect dissolved organic matter (DOM) removal. The removal by both composites 
was obviously higher from tap water but the reduction in micropollutant removal from 
treated wastewater was not dramatic. Furthermore, the degree of reduction in 
micropollutant removal was specifically low by the composite with a loops and tails 
configuration. We identified three diverse adsorption sites for the removal of anionic, 
cationic and nonionic micropollutants.  These results supported our hypothesis that a 
loops and tails configuration is beneficial for the removal of the small micropollutants, 
within the size range of polycation loops and tails. Finally, the simultaneous filtration of 



micropollutants and DOM by composite columns was more efficient than by columns of 
commercial granulated activated carbon.  

We hope that our studies will promote the design of smart and functional CPNs, which 
can then evolve into an effective water treatment technology. 

 



Yael Mishael  
Prof. Yael Mishael received her BSc in Chemistry (1996) and completed her PhD in Soil and Water 
both from Hebrew University of Jerusalem (2003). Upon completing her postdoc in 
environmental chemistry at the University of Indian-Purdue, she joined the department of Soil 
and Water Sci., at Hebrew University (2005). 
Yael is an Associate Professor of Soil Physical Chemistry at the Department of Soil and Water Sci., 
Faculty of Agri. Food and Environment of Hebrew University.  
Her scientific interests are within the field of soil chemistry centers on colloid and interface 
phenomena. Her approach has been to conduct basic science studies which serve as a basis for 
environmental application-oriented research. In her research she harnesses classical colloid and 
interface scientific knowledge to advance the design of composite materials, for environmental 
applications. She designs composite materials based on adsorbing or grafting organic molecules 
to or from the clay surfaces, respectively, and focuses on characterizing these composites with an 
array of classical and advanced tools to better understand the nano- and micron composite 
structures and link between composite structure and performance. Material performance is 
optimized, as a function of its application, including; pollutant adsorption from water, slow-
release pesticide formulations, toxin removal from agricultural produce, disruption of parasite-
plant interactions and more. 
 
Over 50 publication https://scholar.google.com/citations?user=eVEZGewAAAAJ&hl=iw&oi=ao 
 
Currently, the Director of HU Center for Sustainability. The Center for Sustainability 
https://sustainability.huji.ac.il/ brings together the Hebrew University's vast efforts to advance 
sustainability through research, education, and action — within Hebrew University, throughout 
Israel, and worldwide.  
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