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Renewable biosorbent, This article reviews various researches in the field of eco-friendly and cost-effective
Modification of adsorbent renewable biosorbents, modification of their surface properties, adsorption operating
properties, conditions, adsorption isothermal and maximum adsorption capacity of these adsorbents.
Polymeric adsorbents, Among the renewable biosorbents, green adsorbents can better achieve the goal of the
Agricultural waste recycling. circular economy of the future, where there will be no waste. Among the examined

renewable biosorbents, the adsorbents obtained from agricultural wastes are the best
condidates for their high adsorption capacities, originated from the presence of abundant
carboxyl and hydroxyl groups on the surface of their pores, easy access, non-toxicity and low
price. Modification of biosorbents by using minerals and organic acids leads to an increase
in the number of active sites in the adsorbent, which increases their adsorption capacity.
Some methods of modifying the properties to increase the absorption capacity of the
biosorbents like combination of green adsorbents with other adsorbents, modification with
acidic compounds, introduction of different functional groups on the surface of the
adsorbent, and the combination of mineral and metal adsorbents with natural and synthetic
polymers have been used in order to increase the adsorption capacity. By chemically
modifying green adsorbents and creating cross-links, the properties of these adsorbents and
their adsorption capacity and selectivity can be improved. The isothermal models of
Langmuir and Freundlich have shown better agreements with the adsorption equilibrium
data of renewable biosorbents. The optimal value of the mass ratio of adsorbent to pollutant
has a significant impact on the removal.

Extended Abstract

nvironmental pollutants and their elimination, as well as the problem of removing pollutants from water and industrial

effluents, are receiving more attention with the rapid growth of population and industries. Heavy metals, paints, oil

pollutants and other toxic substances that are obtained from various industries such as dyeing, printing, mining,
metallurgy, power plants and battery manufacturing have caused serious environmental concerns. Therefore, pollutants that are
produced in a large volume must be treated before being discharged into the environment [1]. The main advantage of green
adsorbents is their low cost, high efficiency in removing all kinds of pollutants from aqueous media, the ability to regeneration
and wide availability. The cost of synthesis of green absorbents is almost zero. Also, in the case of synthesizing these adsorbents
in the form of nanoparticles, they are of great interest due to the increased catalytic effects and increased surface area.
Modification of green absorbents increases their adsorption capacity. Because it leads to an increase in the number of active
sites on the adsorbent surface and the generation of new functional groups. Modification of these adsorbents can be done using
basic solutions made from minerals, organic acids and organic compounds. Among the effective factors in the efficiency of
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green adsorbents, adsorbent dose, pH, temperature increase and pollutant concentration are of greater importance. These factors
have been investigated in many studies. Based on the general survey in this field, one can conclude that the effects of pH on
the adsorbents properties (like ionization state) and adsorbing solute characteristics (like surface charge) are conspecuoues. By
changing the pH of the solution, it is possible to remove the pollutants with different ionic charges using the green absorbents.
An increase in temperature can also lead to an increase in kinetic energy and an increase in the surface activity of the biological
adsorbent. Based on the exo-/endo-thermic nature of adsorption, temperature can have adverse impacts. The optimal amount
of adsorbent dose is also one of the effective factors in adsorption efficiency, because excessive use of adsorbent mass may
cause a decrease in adsorption. Increasing the concentration of the pollutant is another effective parameter in increasing the
percentage of removal. The multi-purpose feature of green adsorbents obtained from agricultural wastes for adsorption of
different pollutants from aqueous solutions is facilitated by the combined processes like ion exchanges and electrostatic
interactions. The adsorption isotherms in most of the researches correspond to the Langmuir and Freundlich isotherms and
follow second-order kinetic pattern. The presence of carboxyl, hydroxyl, carbonyl, amide, amine, sulfhydryl and potential other
functional groups enables the surface of biological wastes for making complexes and chelates with heavy metals in water. In
agricultural waste, citrus peel has the highest adsorption capacity for heavy metals [2]. Common suggestions for future research
directions in biosorption can be summarized as follows. 1. Identification of better and more selective biosorbents. 2. Further
development of biosorption isotherm and kinetic models. 3. Better identification of biological adsorption mechanisms using
molecular simulation and quantum chemistry approaches. 4. More evaluations and development of market size and cost. 5.
Solutions such as mixing metal oxides with bisorbents, loading metal nanoparticles on their surface, combining with different
polymers to modify them are also under progress by researchers. Renewable biosorbents showed a very good performance in
the process of surface adsorption and are considered as one of the best and safest adsorbents. The adsorption process using
renewable adsorbents is cost-effective and economically favorable. The development of a group of renewable biological
absorbents, which are considered green absorbents, are an excellent alternative to the classical absorbents derived from valuable
fossil fuels [3]. The biosorbents investigated in this research include carbon nanostructures, biomass, cellulose, polymers and
chelating materials. Green adsorbents synthesized from poultry products have OH and NH: functional groups, which are useful
for interacting with heavy metal ions. In adsorption, apart from temperature, pH also plays very important role in the adsorption
and desorption behaviors. Some of the methods of modifying the properties to increase the adsorption capacity of biosorbents
such as the combination of green absorbent with other absorbents, modification with acidic and basic compounds, inoculation
of different functional groups on the surface of the absorbent, and the combination of mineral and metal absorbents with natural
and synthetic polymers have been investigated in order to improve the adsorption properties of these adsorbents. By chemically
modification of green adsorbents and creating transverse connections, the main properties of these adsorbents can be served
beside improving adsorption capacity and selectivity [2]. The adsorption capacity and antibacterial activity can be increased
by combining green adsorbents with metal nanoparticles, especially bimetallic nanoparticles. Although choosing a suitable
biosorbent for a specific removal purpose involves a lot of investigation regarding its suitable removal efficiency, low cost,
and availability. Green adsorbers as a subset of bio-adsorbents can actually better achieve the goal of the circular economy of
the future, where there will be no waste. With more envirimental-friendly and cheaper treatment methods, it is possible to
convince small and large industries to apply suitable and safe wastewater treatment methods for the safety and well-being of
humans and the environment. By using cheap and renewable biosorbent materials, this goal will be achivable.
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