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of adsorption capacity in five consecutive adsorption/des-
orption cycles. These results demonstrate ST/RHA supera-
bsorbent composite as a low-cost, eco-friendly, robust and 
powerful adsorbent material for wastewater remediation.

Keywords Superabsorbent hydrogel · Hydrogel 
composite · Rice husk ash · Dye removal · Wastewater 
remediation

Introduction

Over the last two decades, researches on hydrogels have 
demonstrated that these soft materials are highly versatile 
from the starting materials to final applications [1]. Hydro-
gels, crosslinked macromolecular networks formed by 
hydrophilic polymers, have been prepared from a myriad 
of synthetic and/or natural polymers [2] through differ-
ent chemical and physical processes [3]. Therefore, ver-
satile synthetic routes allow one to obtain hydrogels with 
the most varied tailor-made properties, functionalities and 
dimensions [2]. These materials are endowed with desir-
able properties that are requested in several applications 
(i.e., agricultural and environmental [4], [5], medical [6], 
biotechnological [7], among others).

Currently, the development of hydrogels composites has 
enlarged this range of applicability [8]. Overall, the addi-
tion of some additives or fillers into the hydrogel matrix 
permits overcoming or ameliorating some limitation found 
in the conventional hydrogel (i.e., poor mechanical, ther-
mal, biological and electrical properties, low uptake capac-
ity, etc.) [9]. Furthermore, the association of the hydrogel 
matrix with other classes of materials (metals nanoparticles, 
cellulose nanowhiskers or silicates, for instance) can gener-
ate new property (e.g., retention capacity, biodegradability, 

Abstract Superabsorbent hydrogels composites based on 
the biopolymer starch (ST) and rice husk ash (RHA) were 
successfully developed and tested towards the removal of 
methylene blue (MB), a cationic dye. RHA content hit the 
morphology, mechanical and water uptake properties of 
the composite. Batch adsorption experiments, carried out 
under pH 5 at 33 °C and with 2000 mg L−1 as the initial 
concentration of MB, showed that at 5 wt% RHA the com-
posite exhibited a remarkable adsorption capacity reaching 
up to 1906.3 mg g−1 within 60 min. The adsorption kinet-
ics followed the pseudo-second-order model and intrapar-
ticle diffusion was involved in this process. The Langmuir 
adsorption isotherm suggested a monolayer formation and 
spontaneous process. Thermodynamic parameters con-
firmed the spontaneity of the adsorption and suggested 
electrostatic interaction among the cationic dye molecules 
and the anionic adsorption sites on the adsorbent surface. 
FTIR analysis confirmed the adsorption process occurs via 
electrostatic mechanism associated with hydrophobic inter-
actions. The adsorbents showed reusability with slight loss 
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