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Abstract - The present study describes the ad-
sorption of textile dye on rice hull. The adsorption 
parameters were obtained from Langmuir and 
Freundlich isotherms utilizing linear regression plots 
to fit the data. The results showed that Langmuir 
equation was more suitable than the Freundlich one 
to predict the experimental adsorption isotherms, 
indicating that the adsorption of dye molecules is lo-
calized in a monolayer on the surface of the adsor-
bent. Thermodynamic parameters such as Ha, Sa

and Ga were determined in this work. The heat 
evolved during adsorption is endothermic. The max-
imum sorption capacity of rice husk was satisfactory 
when compared to capacities of other low-cost ad-
sorbent materials.
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I. INTRODUCTION 
The discharge of dyes in aquatic environment generates 
severe pollution problems by inhibiting photosynthetic 
activity (Reife and Fremann, 1996). Conventionally, 
dye wastewater discharged by the textile industry is 
treated with various chemical and physical methods, 
such as chemical coagulation, biological treatment, ad-
sorption, ultrafiltration and advanced oxidation process-
es (Papic et al., 2000; Cassano and Alfano, 2000; 
Karadag et al., 2006; Mohorcic et al., 2006; Bielska and 
Prochaska, 2007; Alfano and Cassano, 2009; Foletto et 
al., 2010). Among several chemical and physical meth-
ods, the adsorption has been found to be superior com-
pared to other techniques for wastewater treatment in 
terms of its capability for efficiently adsorbing a broad 
range of adsorbates and its simplicity of design (Tan et 
al., 2008). Natural materials that are available in large 
amounts, or certain waste products from industrial or 
agricultural operations, may have potential as inexpen-
sive sorbents. Removal of dye by agricultural by-
products and other low-cost sorbents such as cotton fi-
ber (Pal and Esteve, 1959), kaolin (Nandi et al., 2009), 
coir pith (Namasivayam et al., 2001), carbon (Pereira et 
al., 2003), clay (Schoonheydt and Heughebaert, 1992), 
oxide (Foletto et al., 2009), and rice hull (Kumar and 
Sivanesan, 2007) has been investigated.  
 In the Rio Grande do Sul state (Brazil), the greatest 
national rice producer, about 8,900 million ton of rice 
were produced in harvest 2010/2011 (Rice 

Riograndense Institute, 2011). Knowing that the hulls 
represent 20% of this value, the annual production of 
this residue is about 1.782 million ton. In the present 
study rice hulls has been used as adsorbent for the re-
moval of red dye from its aqueous solution. Thus, the 
use of biomass sorbent may offer promising benefits for 
commercial purpose in the future.  

Adsorption of dyes in aqueous solution is a surface 
phenomenon involving the removal of the coloring mat-
ter (the adsorbate) by means of a material (the adsor-
bent). Adsorption process has been usually classified in-
to physical adsorption (physiosorption) and chemisorp-
tion. In the first type, the forces are the weak van der 
Walls, and the heat evolved during adsorption is less 
than 40 kJ.mol-1. In chemisorption the molecules are 
chemically bound to the adsorbent surface. The heat 
evolved during this type of adsorption is comparable to 
that of a chemical reaction (more than 80 kJ.mol-1) 
(Wedler, 1976).  

Various types of adsorption isotherms have been re-
ported in the literature to describe the adsorption of col-
ored compounds on adsorbents, however the most 
commonly used are the Langmuir and Freundlich ad-
sorption isotherms. The applicability of adsorption iso-
therms in the study of dyes removal from aqueous solu-
tions has already been reported in the literature (Walker 
and Weatherley, 2000; Wong et al., 2004; Allen et al., 
2004; Kumar and Sivanesan, 2007; Tanyildizi, 2011).   

The objectives of the present study were to investi-
gate the equilibrium of adsorption of reactive red dye in 
aqueous solution and to elucidate the forces between the 
rice hull and the dye molecules. The Langmuir and 
Freundlich models were used to fit the equilibrium iso-
therms, and thermodynamic parameters were evaluated 
to elucidate the extent of adsorption data. 

II. METHODS
A. Materials
Procion red H-E7B dye (CI Reactive Red 141), azo dye 
extensively used in the textile industry, was used as 
model compound. The chemical structure of dye is giv-
en in Fig. 1. Dye was provided by a textile industry lo-
cated in the Santa Catarina State (Brazil). The rice hull 
in the present investigation was obtained from a local 
rice mill. The whole rice hulls (seen image in Fig. 2) 
were washed thoroughly with distilled water to remove 
all the dirt particles. The material were then dried at 60 
ºC for 24 h and stored in plastic bottles for use. 


