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Abstract 
Dyes are hazardous, mutagenic and carcinogenic organic pollutants discharged into the 
environment from textile effluents, tanneries and other industries. Rice husk was believed to serve 
as good sorbent for many metals and basic dyes including Congo red dye. The present study 
targeted to remove Congo red dye from a prepared wastewater using rice husk as adsorbent, with 
view to use thermodynamic parameters such as entropy, enthalpy and free energy models to 
explain the mechanism for the dye adsorption using rice husk powder as adsorbent. In this 
research, rice husk was collected from Panshekara area, Kano state, Nigeria. The sample was 
processed using standard techniques. The sample was treated with sulphuric acid and used for the 
uptake of the dye by adsorption process. The filtered samples were developed using UV 
spectrometry. Thermodynamic studies were carried out using standard procedures. Congo red dye 
can be removed from aqueous medium by the process of adsorption using rice husk adsorbent. The 
thermodynamic studies of the adsorption process that were conducted using various temperatures 
(30, 35, 40 and 45°C) revealed that the reaction is endothermic, and there was increase in the 
randomness of the solid/solution interface during the adsorption of Congo red onto the rice husk. 
The thermodynamic parameters analyzed such as enthalpy (ΔH), entropy (ΔS), free energy (ΔG) 
and isosteric heat of adsorption (ΔHr), suggest that the overall adsorption process was 
physisorption. The enthalpy-entropy compensation theory can be applied to the sorption 
phenomena of rice, since sorption and desorption processes can be controlled by enthalpy. 
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Introduction 
Oryza sativa is a major and important crop of Asia, especially southern, eastern, and 
South-East Asia, and also important in Southern Europe, like France and the America. 
The hybrids of Oryza sativa are sterile. Oryza sativa has a diphyletic origin, and the two 
sub species namely O. sativa var. indica and O. sativa var japonica ecotype in temperate 
regions are clearly separated having diverged around 7 million years ago with different 
ancestral gene pools. Rice husk is the byproduct of rice milling industry, which accounts 
for about 20% of the whole rice grain. However, rice husk is insoluble in water, which 
possesses a granular structure with chemical stability and high mechanical strength (Brar 
and Singh, 2011). It was believed to serve as good adsorbent for many metals and basic 
dyes (Brar and Singh, 2011). 
 
Dyes are hazardous, mutagenic and carcinogenic organic pollutants discharged into the 
environment from textile effluents, tanneries, industries etc., during dyeing and rinsing 
processes thereby causing detrimental effects on workers. The discharge of dye 
wastewaters into water bodies adversely affects aquatic environment by reducing light 
penetration and photosynthesis (Safa and Bhatti, 2011) the removal of dyes and other 
organic compounds in an economic fashion remains an important problem, although a 
number of successive systems have been developed with the adsorptive technique. The 
conventional methods for removal of dyes and other pollutants from aqueous solution 
such as ozonation, adsorption, coagulation, chemical oxidation, catalysis, membrane 
separation and advanced oxidation are difficult, ineffective and not eco-friendly. Bio-
sorption is therefore considered as an alternative and promising technique for the 
removal of pollutants due to its cost effectiveness and efficiency. Activated carbon is 
generally used commercially, but high cost limits its use. However, rice husk is readily 
available and cheap agricultural byproduct, which can effectively be used in bio-sorption 
for the removal of dyes (Safa and Bhatti, 2011). It is therefore, fundamental to remove 
dyes by using various techniques. 
 
Congo red dye is an anionic azo dye having IUPAC name as 1-napthalene sulfonic acid, 
3, 3-{(4, 4-bis-phenylene) bis (azo) bis (4-aminodisodium)}. The chemical formula is 
C32H22N6Na2O6S2. Congo red dye is carcinogenic, which comes in the effluents of textile 
industries during dyeing and rinsing processes. It is benzene based dye known to 
metabolize to benzedene, a known human carcinogen and can also cause allergic 
dermatitis and skin irritation. It is usually released from tanneries, textiles, paper and 
other industries. Congo red is water-soluble, yielding a red colloidal solution; its 
solubility is greater in organic solvents(Markandeya et al., 2017). However, the use of 
congo red has long been abandoned, primarily because of its carcinogenic properties 
(Markandeya et al., 2017). 
In this study, thermodynamic study of adsorption of congo red dye onto rice husk is 
investigated. The adsorbent was investigated under variable system parameters such as 
temperature and other thermodynamic parameters as adopted by Sharma and Janveja 
(2008). 

 
Structure of Congo red dye 
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For this reason, this present study was designed to remove Congo red dye from a 
prepared wastewater using rice husk as adsorbent, with intention to use thermodynamic 
parameters such as entropy, enthalpy and free energy models to explain the mechanism 
for the dye adsorption using rice husk powder as adsorbent.  
 
MATERIAL AND METHODS 
Sample Collection  
Rice husk was collected in the month of June, 2019 from Panshekara area, Kano state, 
Nigeria. The sample was washed, air-dried to remove moisture and ground into powder. 
It was then strained by passing through 1mm pores mesh. The sieved sample was stored 
in fine powdered form in polythene bags for further investigation. The experiment was 
carried out at Chemistry Laboratory at Bayero University, Kano. 
 
Sample Preparation and Processing   
The samples were each prepared into stock solution using 92g of the powdered rice husk 
in 50ml of sulphuric acid as a diluent in ratio of 1:1. The pH was adjusted using a 
calibrated pH meter  (Ibrahim et al., 2011). A mass of 1.5g of sulphuric acid treated 
powder of rice husk was dispensed into 50ml of 0.03g/L in a polythene bottle for four 
hours. The samples were filtered using Whatman No. 1 filter paper, and finally 
developed using ultraviolet analysis (UV spectrometry) to determine the absorbance of 
the residual dye in the sample. The temperature of the adsorbent was adjusted from room 
temperature to the temperature of 45°C, and the percentage removal of the dye by each 
batch of the adsorbent was determined using the equation: 
 

Co	 − 	Ce
Co

× 100 
 
Where, Co and Ce are initial concentration and concentration at equilibrium time (Al-
Anber and Al-Anber, 2008). Thermodynamics study was carried out using the methods 
adopted by Zeymer et al. (2018) and Ghatbandhe et al. (2012). 
 
Adsorption Equilibrium Studies 
A 500 mL round bottom flask containing 250 mL of distilled water was immersed in the 
thermostat bath. The content were constantly stirred at 800 ± 50 RPM and allowed to 
attain the temperature of the bath. After the temperature was reached, a calculated 
quantity of the stock solution was introduced into the distilled water with the help of 
graduated pipette. The solution was allowed to mix thoroughly and the same quantity of 
the resulting solution was pipetted out to maintain the final volume 250 mL, which was 
then used for the determination of initial concentration. 0.25±0.001 g of the adsorbate 
sample was then introduced into the solution with the stirring speed at 800 ± 50 RPM. 
Stirring was continued till the concentration of the aqueous phase showed no detectable 
change in UV absorbance(Ghatbandhe et al., 2012). 
 
Determination of thermodynamic Parameters 
The adsorption equilibrium data for the adsorbate-adsorbent systems studied were 
expressed by Langmuir isotherm model and a simplified rate expression based on 
Langmuir adsorption theory, which was used to evaluate the adsorption Ka rate constant. 
From the variation of b (thermodynamic distribution coefficient or Langmuir constant) 
with temperature, thermodynamic parameters ΔG°, ΔH° and ΔS° namely, the standard 
free energy change, standard free enthalpy change, and standard free entropy change 
respectively, were calculated using the following equations: 
Δ𝐺° = −RT ln b 
and Vant’ Hoff equation, 
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ln	b = .
ΔS
R 2

−	(ΔH°/RT) 
Where 𝑏 is the Langmuir constant and C initial adsorbate concentration 
The equilibrium constant (Kc) can be changed with temperature, therefore it was used to 
deduce the thermodynamic parameters such as free energy, enthalpy and entropy 
associated to the adsorption process, which were determined as adopted by Al-Anber 
and Al-Anber (2008), using the equation: 
Kc= Cs/Cb 
ΔG= - RT ln Kc=-ΔH/RT+C 
ΔS=(ΔH-ΔG)/T 
Where C= concentration of the adsorbate in liquid phase (mol/L) 
R= Universal gas constant (JK−1 mol−1) 
T= Temperature of the system (K). 
 
Results and Discussion 
Table 1 shows the calibration at various concentrations of the adsorbent. The absorbance 
ranges from 0 to 1.10002. This shows that the adsorption density increases as the 
temperature increases. This shows that the amount of adsorbent on adsorbent at 
equilibrium is concentration dependent in relation to the temperature. This concurs with 
the findings of Sharma and Janveja (2008). 
 
Table 1: Calibration curve of sulphuric acid treated rice husk in relation to 
concentration and absorbance 
Concentration (mg/L) Absorbance 
 0 0 
0.005 0.1059 
0.1 0.3143 
0.015 0.4633 
0.2 0.6154 
0.025 0.7974 
0.03 1.1002 
 
Table 2 shows the dye adsorption contact time for the period of four hours at various 
temperature ranges. There is no specific pattern of adsorption and contact time of the 
adsorbent and the dye. This shows that the adsorption capacity of rice husk is not 
dependent on contact time with congo red dye. This agrees with the findings of Zeymer et 
al. (2018), who reported that the increase in the adsorption capacity of activated carbon at 
higher temperature may be attributed to the enlargement of pore size or activation of the 
adsorbent surface or creation of some new active sites on the surface of adsorbent due to 
bond rupture.This could also be due to the enhanced mobility of 4, 4-bis-phenylenefrom 
the bulk solution towards the adsorbent surface and extent of penetration within rice husk 
structure overcoming the activation energy barrier and enhancing the rate of intra-particle 
diffusion 
 
Table 2: Adsorption concentration of sulphuric acid treated rice husk  in relation to 
contact time and temperature 
Time (minutes) Adsorbed concentration (mg/L) 
Temp 30°C 35°C 40°C 45°C 
30 0.029865 0.026717 0.029298 0.026171 
60 0.025373 0.029565 0.028546 0.028228 
     
90 0.029118 0.02233 0.028588 0.027835 
120 0.025055 0.027787 0.028999 0.028699 
150 0.2907 0.023535 0.013835 0.023793 
180 0.027607 0.023463 0.028984 0.02904 
210 0.026546 0.029109 0.028279 0.028501 
240 0.026738 0.02364 0.025103 0.025706 
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Table 3 shows the adsorption parameters for 0.03mg/L dye concentration. Similar 
findings were reported by Ghatbandhe et al. (2012), who reported that Langmuir theory 
assumes that the rate of adsorption is proportional to the product of adsorbate 
concentration in fluid phase and the fraction of the vacant adsorbent surfaces. 
 
Table 3: Adsorption parameters of sulphuric acid treated rice husk at 0.03mg/L 
concentration 
Concentration (mg/L) Absorbance    
 Temperature (°C) 30 35 40 45 
Ce (mg/L) 0.002443778 0.001058471 0.003748126 0.000158921 
Kd (g/L) 1127.60736 5468.555 350.2 37554.72 
% Adsorption 91.85407296 96.47176412 87.50624688 99.47026487 
Qc (mg/L) 2.755622 5.788305847 1.312593903 5.968216 
Kd= distribution coefficient, Ce= concentration at equilibrium, Qc= concentration of dye adsorbed on the adsorbent at 
equilibrium 
 
Table 4 shows enthalpy change and isosteric for the adsorption process. Highest enthalpy 
of 42.6kJmol-1 at concentration of 0.003mg/L of the dye was recorded, with least enthalpy 
of 9.8kJmol-1 at 0.02mg/L concentration of the dye. Whereas, highest isosteric change of 
2299kJmol-1 was recorded at 0.01mg/L concentration of the dye with least isosteric change 
of 129.67kJmol-1 at 0.005mg/L concentration of the dye. Since ΔH is positive for all the 
various concentrations used, then the reaction between the surface of the rice husk 
(adsorbent) and Congo red dye molecules is said to be endothermic. This, increase in 
temperature favours the adsorption of the dye. The isosteric heat of adsorption recorded 
instability. This showed that the isosteric heat of adsorption is heterogeneous as reported 
by Zeymer et al. (2018). 
 
Table 4: Enthalpy change (ΔH) and isosteric (ΔHr) for the adsorption process 
Concentration (mg/L) ΔH (kJmol-1) ΔHr (kJmol-1) 
0.005 28.2 129.67 
0.1 16.9 2299 
0.015 16.7 620.13 
0.2 32.5 310.10 
0.025 9.8 386.31 
0.03 42.6 428.4 
ΔH= Enthalpy change;ΔHr= isosteric heat of adsorption 
 
Table 5 shows Gibb's free energy for the adsorption process at various temperatures. The 
values obtained recorded that the reaction is exothermic in nature, since all the enthalpies 
showed negative values. This agrees with the findings of Sharma and Janveja (2008), who 
reported that the overall standard free energy tends to change during the adsorption 
process to negative for the experimental range of temperature, which usually corresponds 
to a spontaneous and a boundary of physisorption process of Congo red dye when treated 
with rice husk powder. This indicates that the negative values of free energy are the 
indicative of spontaneous process with a high affinity of the adsorbate to the surface of 
adsorbent. The positive value of enthalpy change points the endothermic nature of 
adsorption process. 
 
Table 5: Gibb's free energy (ΔG) for the adsorption process 

Concentration 
(mg/L) 

Temperature 

 30°C 35°C 40°C 45°C 
0.005 -78.12 -908 -63.54 -61.87 
0.1 -32.71 -21.35 -99.24 -26.03 
0.015 -12.40 -78.13 -18.54 -51.31 
0.2 -64.7 -28.18 -75.30 -17.56 
0.025 -11.11 -48.92 -12.49 -41.79 
0.03 -61.03 -84.72 -4.60 -13.84 
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Table 6 shows entropy for the adsorption process at various temperatures. Since the 
values of entropy are positive, indicating the increasing randomness of the solid/solution 
interface during the adsorption of congo red onto sulphuric acid treated rice husk 
powder. This concurs with the study of Ghatbhande et al. (2018), who reported that the 
negative value of ΔG indicated the spontaneity and the positive values of ΔH and ΔS 
showed the endothermic nature and increase in disorder of congo red dye, respectively. 
 
Table 6: Entropy (ΔS) for the adsorption process 
Concentration (mg/L) Temperature 
 30°C 35°C 40°C 45°C 
0.005 0.351 2.996 0.284 0.270 
0.1 0.164 0.122 0.360 0.129 
0.015 0.096 0.304 0.109 0.204 
0.2 0.320 0.194 0.334 5.366 
0.025 0.069 0.178 0.069 0.153 
0.03 0.342 0.407 0.395 0.169 
 
Table 7 shows the overall percentage of adsorption of congo red dye using sulphuric acid 
treated rice husk powder at various temperatures. Highest percentage adsorption of 
83.09% at the temperature of 35°C with least percentage adsorption of 54.128% at the 
temperature of 45°C was recorded.This may be due to pH of the solution under treatment, 
since at acidic pH condition, hydroxyl and carboxyl groups on the surface of the 
absorbents are ptotonated and they favour the sorption of the anionic congo red dye due 
to electrostatic attraction.This agrees with the findings of Ibrahim et al. (2013), who 
recorded percentage adsorption of 62.6% to 67.5% when testing uptake of congo red dye 
using sugarcane bagasse and Bambara groundnut shell. Ibrahim added that with an 
increasing pH of the dye solution, the surface groups are depronated resulting in an 
increase of negatively charged sites that inhibit the sorption of the anionic dye due to 
electrostatic repulsion. However, in the present study, we used sulphuric acid treated rice 
husk; therefore, ahigher percentage of the removalof congored may be due to absence of 
excess OH- ions competing with the dye anions for the adsorption sites. 
 
  Table 7: Overall adsorption process in relation to the temperature 
Temperature 30°C 35°C 40°C 45°C 
Adsorption 68.846 83.09 83.14 54.128 
 
 
Conclusion 
The results of this study implied that Congo red dye can be removed from aqueous 
medium by the process of adsorption using rice husk adsorbent. The thermodynamic 
studies of the adsorption process that were conducted using various temperatures (30°C, 
35°C, 40°Cand 45°C) revealed that the reaction is endothermic, and there was increase in 
the randomness of the solid/solution interface during the adsorption of Congo red onto 
the rice husk. The thermodynamic parameters analyzed such as enthalpy (ΔH), entropy 
(ΔS), free energy (ΔG) and isosteric heat of adsorption (ΔHr), suggest that the overall 
adsorption process was physisorption in nature. Rice husk can be used for the uptake of 
Congo red dye from aqueous solution, since the husk showed dye removal potential in 
this research study. 
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