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Introduction

Organic dyes and heavy metal ions are considered as dan-
gerous materials for the environment due to their toxicity 
and potential bioaccumulation in many aquatic species [1]. 
Such pollutants, which pose serious threats to the environ-
ment, can arise from many sources especially from indus-
trial activities. Many industries like textile, dyeing, paper 
coloring, and printing are the source of colored effluents in 
water. Pulmonary toxicity, cancer, severe eye irritant, skin 
irritation and allergic dermatitis are reported as adverse 
effects of discharging cationic dyes into water [2, 3]. Sev-
eral methods such as coagulation and flocculation, mem-
brane separation, oxidation or ozonation and adsorption 
have been developing as different techniques for removal of 
the dyes from waste water [4, 5].

Heavy metal ions can come from many sources but most 
commonly from the purification of metals e.g., the smelting 
of copper and the preparation of nuclear fuel. Mining and 
electroplating industries also discharge a variety of toxic 
metals such as Pb2+, Cu2+, Ni2+, Zn2+, As2+ and Cd2+ ions 
into soils and bodies of water [6, 7]. Memory loss, mental 
confusion, fatigue and rashes are the problems that occur 
due to the accumulation of heavy metal ions in the human 
body [8]. Many techniques such as chemical precipitation, 
reverse osmosis, electro dialysis, ion exchange and ultra-
filtration have been utilized for removing heavy metal ions 
from contaminated water [9]. However, among the treat-
ment processes to remove those harmful substances, adsorp-
tion has been used as an effective, cheap and potential 
technique for removing many infectants. One of the very 
suitable adsorbents for elimination of dyes and heavy metal 
ions from aqueous effluent is polymeric hydrogel [10–13].

Hydrogels are water-swellable polymer networks that 
can absorb and retain a significant fraction of water within 

Abstract Collagen-based hydrogel nanocomposites, as 
adsorbent systems in wastewater treatment, were prepared 
by graft copolymerization of acrylamide and maleic anhy-
dride onto hydrolyzed collagen using ammonium persulfate 
as an initiator and sodium montmorillonite as a nanoclay. 
The properties of synthesized adsorbents were character-
ized by Fourier transform infrared spectroscopy, X-ray dif-
fraction patterns, and thermogravimetric analysis method. 
The morphology of the optimized product was examined 
by scanning electron microscopy. Batch adsorption experi-
ments were conducted as a function of contact time, ini-
tial pollutant concentration, pH and comonomer ratios 
to achieve maximum adsorption capacity. The hydrogel 
nanocomposites showed high adsorption of ~120 mg/g for 
Pb2+ and Cd2+ metal ions over the feed concentration of 
100 mg/L. The dye adsorption of the prepared nanocom-
posites was 652 mg crystal violet/g at the initial concen-
tration of 800 mg/L and 179 mg methylene green/g in 
400 mg/L dye in water, respectively. The experimental data 
also showed that more than 90 % of the maximum adsorp-
tion capacity of the optimized sample for both metal ions 
and the dyes was achieved within the initial 10 min. Four 
non-linear isotherm models were performed to describe the 
adsorption capacity. The results fitted better to the Redlich–
Peterson model. The adsorption kinetic data conformed 
well to a pseudo-second-order model.
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