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Abstract. Adsorption on polysaccharide derivatives can be a low-cost 

procedure of choice in water decontamination for extraction and separation of 

compounds, and a useful tool for protecting the environment. In current study, 

polysaccharides-silica composites were synthesized by sol-gel method, physical 

and chemical adsorption of chitosan and carrageenan by silica surface. 

Obtained adsorbents were applied to adsorption of highly toxic compounds: 

cationic and anionic dyes, herbicides and heavy metals.  

Keywords: chitosan, carrageenan, dyes, herbicides, silica 
 

Introduction. In recent years, the functional polymeric compounds are 

broadly used to modify the silica surface, which allows one to obtain the 

corresponding organo-mineral composites having sufficiently high capacity 

while maintaining good kinetic characteristics peculiar to inorganic adsorbents. 

In this respect, application for these purposes functional biopolymers, such as 

amino- and sulfo-containing polysaccharides chitosan and carrageenan, are of 

great interest [1,2]. Thus, abundant in nature polysaccharides as chitosan and 

carrageenan have good biocompatibility, a wide range of pH stability, expressed 

chelating properties. Furthermore, these biopolymers have opposite charge of 

functional groups what allows one to complement properties of polymers. From 

the other side, silica characterized by advanced surface stability in the acidic 

medium, acceptable kinetics, thermal stability, and resistance to microbial 

attack.  

 

Experimental. Hybrid materials were prepared using various synthetic 

methods: adsorption and covalent binding of polymer on the silica, forming of 

inorganic matrix in polymer solution (sol gel method). The effect of route of 

polymer coating creation on thermal stability and ability to degradation, surface 

morphology, including pore size distribution and average surface area, as well as 
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other physicochemical characteristics of such hybrid biocomposites have been 

described. 

 

Results and discussion. It was found that physically adsorbed on the silica 

surface chitosan and carrageenan are effective as adsorbents with respect to 

highly toxic contaminants such as heavy metals, synthetic cationic and anionic 

dyes and herbicides from aqueous solutions, what is crucial in the development 

enterosorbents or adsorbents for water treatment. The hybrid biocomposite 

chitosan-silica gel was applied to study adsorption of sulfonated azo dyes. It was 

found that this composite is effective towards next dyes: Orange II and Acid 

Orange 8 (0.20 mmol/g), Orange G (0.12 mmol/g), Acid Red 88 (0.48 mmol/g) 

and Acid Red 1 (0.09 mmol/g).  

 

 
Fig. 1. Comparison of Isotherms of the Dyes on the Chitosan-silica gel composite: 

Acid Red 88 (1), Orange II (2), Acid Orange 8 (3), Orange G (4), Acid Red 1(5). 

 

The influence of temperature to the ability of synthesized composites to 

adsorb Acid Orange 8 dye was studied (Fig. 2). The strong decrease of 

adsorption with temperature increase was observed. Maximum adsorption 

capacity at 5
о
С determined from the Langmuir-Freundlich equation is about one 

third higher than the value at 45
о
С obtained. The estimated thermodynamics 

parameters ∆G
◦
, ∆H

◦
, and ∆S

◦
 for the system Acid Orange 8 dye – chitosan-

fumed silica adsorbent at 5 
о
С, 25 

о
С and 45 

о
С confirmed the exothermic and 

spontaneous character of the adsorption process. The kinetics study was shown 

that 10 minutes (at 45
о
С) and 20 minutes (at 25

о
С) is enough to achieve 50 % of 

dye removal, and 6 hours of the process is enough for achiving the adsorption 

equilibrium at those temperatures. Fast kinetic in the range of temperature 25
о
С 

‒ 45
о
С favors to use adsorption on these type of composites as a preliminary 

technics in wastewater treatment plant. The applying obtained results to several 

kinetics models, such as first-order equation, pseudo-first order equation, 

second-order equation, pseudo-second order equation, mixed 1,2-order equation 
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and multi-exponential equation, was shown very good correlation between 

experimental data and multi-exponential equation. 

 

 
Fig. 2. Temperature Effect on Adsorption of Acid Orange 8 from Aqueous Solutions 

on Composite Chitosan-Fumed Silica at Various Temperatures. 

 

Biohybride carrageenan-fumed silica has shown the highest adsorption 

capacity towards cationic synthetic dyes: Bismark Brown (0.54 mmol/g), 

Acridine Orange (0.88 mmol/g), Malachite Green (0.55 mmol/g), Methylene 

Blue (0.61 mmol/g), Crystal Violet (0.52 mmol/g). The study of adsorption of 

herbicides has shown that composite chitosan-fumed silica could adsorb up to 

0.31 and 0.35 mmol/g of 4-chlorophenoxyacetic and 2,4-dichlorophenoxyacetic 

acid, respectively.  

The composite synthesized by covalent binding of chitosan on the silica 

surface was found to show high adsorption activity with respect to milligram 

amounts of toxic metal oxoanions and moderately adsorbed cations. Thus, the 

composite extracted metal ions Zn(II), Cu(II), Cd(II), Pb(II) and Fe(III) with 

adsorption capacity range from 0.03 mmol/g for Fe(III) to 0.17 mmol/g for 

Zn(II) in the neutral medium, and adsorbed oxoanions V(V) and Mo(VI) from 

the acidic medium with adsorption capacity 1.6 and 1.5 mmol/g, respectively, 

and 0.5 mmol/g for Cr(VI) at neutral pH. Moreover, it was found that after 

functionalization of the surface of organomineral composite with iodoacetic 

acid, adsorption capacity are highly increased with respect to studied cations of 

heavy metals up to the range from 0.14 mmol/g for Pb(II) to 0.60 mmol/g for 

Zn(II) in the neutral medium. 

 

Conclusions. It was found that the biocomposites based on polysaccharides, 

such as chitosan, carrageenan and silica are effective as adsorbents with respect 

to highly toxic contaminants such as synthetic cationic and anionic dyes, 

herbicides, and heavy metals from aqueous solutions, what is crucial in the 

development enterosorbents or adsorbents for water treatment. 
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Резюме. Адсорбція похідними полісахаридів може застосовуватися як 

дешевий метод очистки води та як корисний інструмент для захисту 

навколишнього середовища. У цьому дослідженні композити полісахарид-

кремнезем були синтезовані шляхом застосування золь-гель методу, 

фізичної і хімічної адсорбції хітозану і каррагинану поверхнею кремнезему. 

Екстракція високотоксичних сполук: катіонних і аніонних барвників, 

гербіцидів і важких металів синтезованими адсорбентами була 

досліджена. 

Ключові слова: хітозан, каррагинан, барвники, гербіциди, кремнезем.  
 


