
Vol.:(0123456789)1 3

Iranian Polymer Journal (2020) 29:501–514 
https://doi.org/10.1007/s13726-020-00814-8

ORIGINAL RESEARCH

Insight into adsorption kinetics and isotherms for adsorption 
of methylene blue using gum rosin alcohol/psyllium‑based green 
adsorbent

Priti Wadhera1,2 · Rajeev Jindal3 · Rakesh Dogra2

Received: 18 September 2019 / Accepted: 31 March 2020 / Published online: 12 April 2020 
© Iran Polymer and Petrochemical Institute 2020

Abstract
Present work focused on synthesis of green hydrogel polymer of gum rosin alcohol/psyllium crosslinked poly (acrylic acid) 
[(GrA-Psy)-cl-PAA] under vacuum condition. Use of both psyllium and gum rosin alcohols as backbones could lessen 
the burden on the environment, as more natural aspect is drawn in the hydrogel polymer. The various reaction parameters 
for the synthesis of hydrogel polymer were systematically optimized as a function of percentage swelling. The optimized 
ecofriendly hydrogel polymer was characterized using XRD, FTIR, FE-SEM and TGA techniques, which supported the 
successful formation of crosslinked three-dimensional network structures. (GrA-Psy)-cl-PAA was further studied as an 
adsorbent for the removal of methylene blue dye from an aqueous solution. Adsorption parameters such as the amount 
of adsorbent and pH were optimized to obtain the maximum percentage of dye removal. Kinetics of the adsorption pro-
cess was analyzed using pseudo-first-order, pseudo-second-order and Elovich kinetic models. Adsorption kinetics followed 
pseudo-second-order model (non-linear) for all the concentrations studied. Non-linear forms of Langmuir, Freundlich and 
Dubinin-Kaganer-Radushkevich isotherm models were studied for the adsorption process and it was observed that it goes 
well with both Langmuir and Freundlich isotherms. Thermodynamic parameters were also evaluated which indicated that 
the adsorption process was exothermic and spontaneous. Furthermore, the candidate polymer retained a reusability tendency 
for two consecutive cycles of adsorption/desorption. Thus, the synthesized novel material was taken as a potential to act as 
green adsorbent in treatment of industrial wastewater.
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Introduction

Hydrogels are the 3-D polymeric networks that have the abil-
ity to absorb a large amount of water without being dissolved 
in water due to crosslinked polymeric chains. The presence 

of functional groups on polymeric chains helps in the selec-
tive removal of reactive phosphorus [1], heavy metal ions 
[2, 3], colloidal particles [4] and dyes [5, 6]. Hence, they are 
being used for water treatment processes.

Water pollution is the serious environmental issue and is 
caused due to the release of untreated wastewater from the 
industries. Dyes are one of the most objectionable effluents 
present in wastewater. Different types of dyes have wide-
spread applications in cosmetic, textile, leather, plastic and 
paper industries, which discharge large amount of waste-
water. The release of dyes into the environment produces 
adverse effect on flora and fauna [7, 8]. For example, meth-
ylene blue (MB) has a wide range of applications, but it may 
possibly cause some debilitating effects in humans such as 
increase in heartbeat, jaundice, shock and tissue necrosis [8]. 
Therefore, decontamination of wastewater before discharge 
is important.
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