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Abstract: Waste Water Treatment is the most concerned issue as the chemical industries are progressing over the 

years, as it has three adverse effects, namely, loss of material, degradation of the fresh source of water and 

environmental issues. Despite being researched over so many years, wastewater treatment is still a hot research topic as 

it incurs a lot of money and energy. This paper presents a comparison of single solute and multi solute streams and the 

kinetic modeling studies and adsorption isotherms modeling. The Langmuir equation and Freundlich equation were 

used to model adsorption and the reaction kinetics were identified. The experimental data was fitted to models and 

respective error analysis was performed using five standard equations. The study is made on Kale Acid Effluent but 

can be applied to other systems also. The results show better COD reduction and easier wastewater treatment method.  
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I. INTRODUCTION 

As a rule, an adsorption isotherm is a priceless curve 

depicting the phenomenon representing the retention (or 

release) or mobility of a substance from the fluid permeable 

media or aquatic environments to a solid-phase at a 

constant temperature and pH [1],[2]. Adsorption 

equilibrium (the ratio between the adsorbed amount with 

the remaining in the solution) is established when an 

adsorbate containing phase has been contacted with the 

adsorbent for sufficient time, with its adsorbate 

concentration in the bulk solution is in a dynamic balance 

with the interface concentration [3]. Ordinarily, the 

scientific relationship, which constitutes a vital part towards 

the demonstrating investigation, operational outline and 

material routine with regards to the adsorption frameworks, 

is normally portrayed by graphically communicating the 

solid-phase against its residual concentration [4]. 

Over the years, a wide variety of equilibrium isotherm 

models (Langmuir, Freundlich, Brunauer–Emmett–Teller, 

Redlich– Peterson, Dubinin–Radushkevich, Temkin, Toth, 

Koble–Corrigan, Sips, Khan, Hill, Flory–Huggins and 

Radke–Prausnitz isotherm), have been formulated in terms 

of three fundamental approaches [5]. Kinetic consideration 

is the first approach to be referred. Hereby, adsorption 

equilibrium is defined being a state of dynamic equilibrium, 

with both adsorption and desorption rates are equal [6]. 

Whereas, thermodynamics, being a base of the second 

approach, can provide a framework of deriving numerous 

forms of adsorption isotherm models, and potential theory, 

as the third approach, usually conveys the main idea in the 

generation of characteristic curve. However, an interesting 

trend in the isotherm modeling is the derivation in more 

than one approach, thus directing to the difference in the 

physical interpretation of the model parameters.[5], [7] 

II. ADSORPTION KINETICS MODELING  

In order to analyze the adsorption kinetics of Kale Acid 

Effluent the pseudo-first order (equation 1.) predicted by 

Lagergren model [8], time dependent method for COD 

reduction for kinetic study [9] (equation 2.) predicted by 

Rathi Puranik model and intra-particle diffusion [10] 

(equation 3.) predicted by Weber Morris model ae 

frequently used by various researchers to predict the 

adsorption kinetics. 

 (1) 

 
(2) 

 

(3) 

Here Ct is the amount of adsorbate adsorbed at time t (mg 

g−1), Ce is the adsorption capacity in the equilibrium (mg 

g−1), m is the pseudo-first-order rate constant (min−1), and t 

is the contact time (min). The wastewater samples from 

Kale Acid manufacturing plant were collected and analysed 

for COD reduction using activated carbon as adsorbent for 

batch adsorption studies for single solute streams as well as 

mixed solute streams for time of 2 hours at ambient room 

temperature of around 30
ο
C. 

III. RESULTS AND DISCUSSION  

In today’s era linear regression analysis is one of the 

most popular and inevitable tool which is commonly 

applied for analysis of experimental data obtained from 

adsorption process. It is used to justify the best fitted 

relationship that quantify the distribution of adsorbate and 
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also helps in the verification of the consistency of 

adsorption models and the theoretical derivations of the 

adsorption models. [5]  

Various methods chosen for error analysis are mentioned 

below: 

A. Error functions 

 

 Sum square error (ERRSQ) 

 

(4) 

 

It is the sum of the squared differences between each 

observation and its group's mean. It can be used as a 

measure of variation within a data set. If all cases within the 

data are identical the ERRSQ would then be equal to 0. The 

effect of concentration ranges on error analysis using 

ERRSQ has been discussed elsewhere. [3], [5], [11] 

 

Average relative error (ARE) 

 

 

(5) 

 

This error function attempts to minimize the fractional error 

distribution across the entire concentration range. [5], [12] 

 

Hybrid fractional error function (HYBRID) 

 

 

(6) 

 

This error function improves the fit of the ARE method 

at low concentration values. Instead of n as used in  

ARE the sum of the fractional errors is divided by (n-p) 

where p is the number of parameters in the isotherm 

equation. [5], [13] 

 

Sum of absolute errors (EABS) 

 

 

(7) 

 

The isotherm parameters determined by this method 

provide a better fit as the magnitude of the errors increase, 

biasing the fit towards the high concentration data. [5], [14] 

 

Coefficient of determination (R
2
) 

 
(8) 

The coefficient of determination is a key output of 

regression analysis. It is interpreted as the proportion of the 

variance in the dependent variable that is predictable from 

the independent variable.[5], [15] 

 

Standard deviation of relative errors ( ) 

 

(9) 

 

It tells whether the ―regular‖ standard deviation is a small 

or large quantity when compared to the mean for the data 

set. [5], [16] 

Nonlinear chi-square test ( ) 

 

 

(10) 

 

Chi-square calculations are used to compare observed 

and expected values. Usually, these calculations are used in 

the context of categorical outcomes, to compare observed 

and expected distribution of subjects among the 

categories.[5] 

 

The methodology for calculation has been mentioned in 

previous literature. [5] 

 

For the Weber – Morris Method, Hybrid Fractional 

Error, Average Relative Error and Non Linear Chi Square 

Tests are not applicable as certain measured values of qe,exp 

tends to be zero, resulting in an undefined value. 

 

 The table 1 shows the change in concentration in 

the Streams and Mixed Streams with completion time as 

well as half time, along with their fitted data in the models 

as discussed above. Table 2 shows the deviation in the 

results obtained from experimental values as well as fitted 

data. These errors have been discussed above and justify the 

result. Table 3 and 4 and Fig 2 and 3, shows the fitted result 

for Rathi-Puranik Model and Weber Morris Model 

respectively. Similarly, Fig 1 shows the fitted result for 

Lagergren model. 
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Table 1: Experimental Data Modeling  

 

 
Table 2: Data Analysis for Lagergren Model Fitting 

 

 
Table 3: Data Analysis for Rathi - Puranik Model Fitting 

 

 
Table 4: Data Analysis for Weber Morris Model Fitting 

 

 
Figure 1: Values obtained from fitting data into Lagergren 

Model 

 

 
Figure 2: Values obtained from fitting data into Rathi 

Puranik Model 

 

 
Figure 3: Values obtained from fitting data into Weber 

Morris Model 

IV. CONCLUSION 

This paper presents a comparison of single solute and multi 

solute streams and the kinetic modeling studies and 

adsorption isotherms modeling. The Langmuir equation and 
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Freundlich equation were used to model adsorption and the 

reaction kinetics were identified using Weber Morris, 

Lagergren and Rathi Puranik model. The experimental data 

was fitted to models and respective error analysis was 

performed using five standard equations. The higher value 

of coefficient of Determination predicted by Rathi Puranik 

model clearly indicates the better form of kinetic study 

predicted than by Weber Morris and Lagergren model. The 

non linear chi squared test also shows a better prediction for 

Rathi Puranik model over Lagergren model fitting. The 

study is made on Kale Acid Effluent but can be applied to 

other systems also. 

ACKNOWLEDGMENT 

The author is sincerely thankful to the Commisionerate of 

Technical Education, Gandhinagar for allowing in 

persuading for the research. 

REFERENCES 

 [1] G. Limousin, J.-P. Gaudet, L. Charlet, S. 

Szenknect, V. Barthès, and M. Krimissa, ―Sorption 

isotherms: A review on physical bases, modeling 

and measurement,‖ Appl. Geochemistry, vol. 22, 

no. 2, pp. 249–275, Feb. 2007. 

[2] E. N. El Qada, S. J. Allen, and G. M. Walker, 

―Influence of preparation conditions on the 

characteristics of activated carbons produced in 

laboratory and pilot scale systems,‖ Chem. Eng. J., 

vol. 142, no. 1, pp. 1–13, Aug. 2008. 

[3] K. Vasanth Kumar and S. Sivanesan, ―Sorption 

isotherm for safranin onto rice husk: Comparison of 

linear and non-linear methods,‖ Dye. Pigment., vol. 

72, no. 1, pp. 130–133, Jan. 2007. 

[4] N. Ayawei, A. N. Ebelegi, and D. Wankasi, 

―Modelling and Interpretation of Adsorption 

Isotherms,‖ J. Chem., vol. 2017, pp. 1–11, Sep. 

2017. 

[5] K. Y. Foo and B. H. Hameed, ―Insights into the 

modeling of adsorption isotherm systems,‖ Chem. 

Eng. J., vol. 156, no. 1, pp. 2–10, Jan. 2010. 

[6] I. Langmuir, ―The Constitution And Fundamental 

Properties Of Solids And Liquids. Part I. Solids.,‖ 

J. Am. Chem. Soc., vol. 38, no. 11, pp. 2221–2295, 

Nov. 1916. 

[7] K. Y. Foo and B. H. Hameed, ―A short review of 

activated carbon assisted electrosorption process: 

An overview, current stage and future prospects,‖ J. 

Hazard. Mater., vol. 170, no. 2–3, pp. 552–559, 

Oct. 2009. 

[8] S. K. Lagergren, ―About the theory of so-called 

adsorption of soluble substances,‖ Sven. 

Vetenskapsakad. Handingarl, vol. 24, pp. 1–39, 

1898. 

[9] A. K. Rathi and S. A. Puranik, ―Treatment of 

wastewater pollutants from direct dyes.,‖ Am. 

Dyest. Report., vol. 88, no. 7, pp. 42–50, 1999. 

[10] W. J. Weber and J. C. Morris, ―Kinetics of 

adsorption on carbon from solution,‖ J. Sanit. Eng. 

Div., vol. 89, no. 2, pp. 31–60, 1963. 

[11] F. Gimbert, N. Morin-Crini, F. Renault, P.-M. 

Badot, and G. Crini, ―Adsorption isotherm models 

for dye removal by cationized starch-based material 

in a single component system: Error analysis,‖ J. 

Hazard. Mater., vol. 157, no. 1, pp. 34–46, Aug. 

2008. 

[12] A. Kapoor and R. T. Yang, ―Kinetic separation of 

methane—carbon dioxide mixture by adsorption on 

molecular sieve carbon,‖ Chem. Eng. Sci., vol. 44, 

no. 8, pp. 1723–1733, Jan. 1989. 

[13] G. McKay, J. F. Porter, and G. R. Prasad, ―The 

Removal of Dye Colours from Aqueous Solutions 

by Adsorption on Low-cost Materials,‖ Water. Air. 

Soil Pollut., vol. 114, no. 3/4, pp. 423–438, 1999. 

[14] J. C. Y. Ng, W. H. Cheung, and G. McKay, 

―Equilibrium studies for the sorption of lead from 

effluents using chitosan,‖ Chemosphere, vol. 52, 

no. 6, pp. 1021–1030, Aug. 2003. 

[15] ―Coefficient of Determination: Definition,‖ 2018. 

[Online]. Available: 

http://stattrek.com/statistics/dictionary.aspx?definiti

on=coefficient_of_determination. [Accessed: 14-

Jun-2018]. 

[16] ―Relative Standard Deviation: Definition &amp; 

Formula,‖ 2018. [Online]. Available: 

http://www.statisticshowto.com/relative-standard-

deviation/. [Accessed: 14-Jun-2018]. 

 


