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Abstract  

The adsorption of Bromocresol green (BCG) dye was investigated using activated carbon prepared from corn cob with sulphuric 

acid. Batch adsorption was carried out and the physical properties of the corn cob activated carbon (CCAC) was determined. The 

effects of pH, temperature, adsorbent dosage, contact time and concentration on the adsorption process and the Kinetics, 

Isotherms and Thermodynamics studies were all carried out. The adsorption kinetic study indicated that the First-order and 

Natarajan & Khalaf models best described the rate of adsorption of BCG with the highest correlation coefficient of 0.985 

compared to the pseudo first-order and pseudo second-order model. The Isotherm models investigated confirmed that Freundlich 

and Halsay models gave the best fit for the equilibrium data and best representation of the BCG removal on to CCAC 

(R2=0.977). The thermodynamics study through the calculated enthalpy change (∆H), entropy change (∆S) and Gibbs free energy 

(∆G) indicated that the process was exothermic, with a decreased randomness at the solid-solution interface and a non-

spontaneous process respectively. The separation factor RL value for BCG removal by activated corn cob was calculated as 0.02 

meaning that the adsorption process was favorable. The maximum adsorption capacity (qe) of 14.153 mg/g was obtained using 

CCAC as adsorbent in the adsorption process of BCG. The results showed that the adsorption of BCG yielded a good efficiency 

with CCAC. 
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1. Introduction 

The economic impact of the textile industry is partly dependent on the management of the wastes which can create 

extreme water pollution in both industrial and environmental habitats. These wastes are approximately generated 

from 70% of the chemical process in these industries through discharge of large volumes of wastewater. There is the 

need sustain and decentralize water reuse due to the water-intensive nature of the textile industry in sizing, de-sizing, 

scouring, bleaching and finishing.  The type of pollutants from the effluent is dependent on many variables like the 

processes, type of facility and chemical used. Dyes are one of the most damaging pollutants found in textile 

wastewater among others like phenols, pesticides, phosphates, surfactants, high biological oxygen demand (BOD), 

high chemical oxygen demand (COD) and high levels of total dissolved solids (TDS). The presence of these dyes 

can decrease rate of photosynthesis, destroy the aesthetic nature, creates imbalance in the ecosystem etc. (Onu & 

Nwabanne, 2014; Nnenna et al. 2020; Nwabanne et al. 2016; Onu et al. 2020). There are generally biological, 

chemical and physical methods of textile wastewater treatment (Fluence News Team, 2020). 

 

Organic dyes are extensively used domestically and industrially depending on the type with some used as dying 

agents in textile, plastic, rubber, paper and food industries (Murmu et al., 2018; Moussavi &Khosravi, 2011; Feng et 
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al., 2011). The dyes generated from industrial effluent contaminates the soil and water environments which end up 

causing threats to aquatic and human lives due to their toxic nature (Bello et al., 2008; Duran-Jimenez et al., 2014). 

According to Duran-Jimenez et al (2014) and Guzel et al. (2015), the cost effect of dye manufacturing industry is 

reduced by approximately 15-20 % which is an estimation estimated by World Bank. The chemical nature and 

solubility determine the various types of dyes which are basically classified into acidic dyes, basic dyes and disperse 

dyes(Bello et al., 2008).Bromocresol green (BCG) is typical brand of dye that decompose to produce various 

categories of carcinogenic aromatic amines(Mandal &Natarajan, 2015; Malina & Radenovic, 2014)and usually used 

as pH indicator, as a DNA tracer and as dying agent in the textile industry(Ghaedi et al., 2012). BCG is from the dye 

group called triphenylmethane (triarylmethane dyes) which is anionic and belongs to the classification of dye termed 

sulfonephthaleins (Teng et al., 2011). BCG is a solid in dark green form when in alkaline pH but in acidic form, it is 

a solid made of light brown (Ghaedi et al., 2012).  

 

Several researches have been carried out investigations on how to remove dye from wastewater with various 

processes adopted which include biological, chemical and physical (Teng et al., 2011; Bello et al., 2012; Elasset al., 
2011). Filtration through membrane, oxidation by photocatalysts, and adsorption process are popular methods 

adopted by researchers in achieving dye removal (Duran-Jimenez et al., 2014; Guzel et al., 2015; Karagozoglu et al., 

2007). Adsorption is a surface phenomenon which involves the deposition of large concentration of species made up 

of molecules on a surface called adsorbent while the species that gets absorbed is known as adsorbate (Nwabanne et 

al. 2018; EmedicalPrep, 2020; Ositadinma et al. 2019). In adsorption, the quantity of adsorbate on the adsorbent is a 

function of the concentration or pressure at constant temperature. The advantages of adsorption are that it does not 

result in the formation of toxic substances, is relatively less expensive, simple to design and operate and highly 

efficient (Onu et al. 2014b; Nwabanne et al. 2022; Iheancho et al. 2021, Asadu et al. 2021a; Asadu et al. 2021b). 

Adsorption process is often studied with use of graphs called adsorption isotherm. It is very important to use a 

suitable adsorbent during the adsorption process to give a good efficiency. There are bio-adsorbents like apricot 

stones (Djilani et al., 2015), rice husks (Chen et al., 2013), orange peels (Fernandez et al., 2014), bamboo charcoal 

(Liao et al., 2012) that can be used but for effective use, there are taken through the process of modification or 

activation by chemical and physical means to enhance the efficiency of the adsorption.  

 

Corn cob (CC) is a residue from agricultural product which is gotten from maize and it is the part of the ear on 

which the kernels grow. CC is also a biomass feedstock which has a good potential of being a source of energy in 

different applications. Its dense form, high energy content, low sulfur and nitrogen content gives it an advantage 

over other biomass feedstocks used for different purposes (Anukam et al., 2017). Activated carbon is a highly 

porous material used in separating organic compounds from liquids and gases and can be made from any carbon-

containing input material (calgoncarbon.com, 2020). There are several commercial activated carbons used as 

adsorbent but because of the high cost of preparation, there are alternative means which are cost effective during 

preparation that can be adopted. Saw dust, fruit stones, coconut husks, rice husks and more which are agricultural 

byproducts that are very cheap and with ease of access, can produce activated carbon (Ghaedi et al., 2012). This 

investigation is aimed at producing a cheap, effective and eco-friendly activated carbons from corn cob for the 

effective removal of Bromocresol green. The corn cob was activated and used for the adsorptive removal of BCG 

with data extracted for adsorption isotherm (which describes the equilibrium relationships between adsorbent and 

adsorbate). 

 

2.0 Material and methods 

2.1 Materials 

The raw materials used for this work are Bromocresol which has a molecular formula of C12H14Br4O5S, corn cob 

(CC). Hydrochloric acid and sodium hydroxide used were of high grade with distilled water used for dilution. The 

CC was gotten from the farm in Awka, Anambra State of Nigeria. 

 

2.1.1 Preparation of activated corn cob 

The adsorbent materials used were extracted from agricultural wastes with tests carried out to determine some 

physical properties after being washed with distilled water to get rid of impurities and were dried at high 

temperature to remove the moisture content. The corn cob was prepared for activation after being reduced into small 

pieces by crushing in a mill and sieved. The sample was mixed and treated with about 25% of sulphuric acid and 

kept in an oven at 90oC for 24 hours. The sample was subsequently washed several times with deionized water and 

leached with warm water to remove any trace of metal that might be present in the sample. The sample was made to 

undergo carbonization after being placed in a furnace at 500oC for 5 hours and further dried, crushed (using mortar 
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and pistil), sieved to particle size of 75μm. This process was repeated different percentage concentration of sulphuric 

acid, carbonization temperature and duration according to the experimental design. All produced activated samples 

were stored in airtight containers, sealed in a desiccator for experimental purpose. 

 
2.2   Experimental procedure 

The removal of BCG through adsorption using activated corn cob was carried out in a batch experimental process. 

The simulated wastewater was prepared by dissolving 0.1g of the dyes in 1000ml of distilled water each to get a 

solution of 100mg/l. The effects of varies parameters were determined during the experiment for corn cob activated 

carbon (CCAC). The effects of initial pH and initial concentration were determined by agitating 1.5g of the 

produced CCAC added into 250ml volume of Erlenmeyer flask containing varies concentration of dye solution in a 

magnetic stirrer each for 30 minutes contact time. The pH was adjusted by adding few drops of diluted 0.1 mol/L 

NOH per HCl at a constant agitation of 200 rpm under constant temperature of 40oC. The effects of contact time, 

adsorbent dosage and temperature were also determined by agitating 0.5g of CCAC with 100ml of dye solution in a 

magnetic stirrer while varying the contact time, masses of CCAC and temperature. The agitation speed was 

maintained at 200 rpm for CCAC and the amount of BCG dye that was adsorbed at equilibrium by the activated 

carbon was determined using  

                              𝑞𝑒 =
(𝐶𝑖 − 𝐶𝑒)𝑉

m
                                                                                            (1) 

Where Ci and Ce (mg/L) are the liquid phase concentrations of BCG at initial and equilibrium respectively, V (L) is 

the volume of the solution and m (g) is the mass of adsorbent (CCAC) used. 

The percentage of BCG dye adsorbed from liquid (aqueous) solution with CCAC was calculated using equation 2: 

              𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐴𝑑𝑠𝑜𝑟𝑏𝑒𝑑 =
(𝐶𝑖 − 𝐶𝑒)100

𝐶𝑖
                                                                     (2) 

 

3.0 Results and Discussions 

3.1 Physical Properties of the Adsorbents 

Table 1 shows the physical properties of the adsorbent used. The moisture content was less than 7.0% which is due 

to carbonization. Onu&Nwabanne(2014) had similar range with moisture content between 13 -16% for Nteje clay. 

The chemical nature of the carbon surfaces was inferred from the pH of the carbon and these generated weak acidic 

surface properties for CCAC. 

 

Table 1: Physical Properties of the activated adsorbents 

Property CCAC 

pH 6.3 + 0.2 

Ash content (%) 5.82 

Moisture content (%) 5.5 

 

 

 

3.2 Effect of Process parameters on the Adsorption of BCG by corn cob 

3.2.1 Effect of temperature 

One of the most important parameters used to determine nature of the adsorption process is the effect of temperature 

on adsorption. Figure 1 shows the effect of temperature on adsorption of BCG which was investigated at a 

temperature range of 303-333K, with an absorbent mass of 1.5g, initial dye concentration of 100mg/l and constant 

pH of 6 for 30 minutes. As the percentage of BCG adsorbed increases, the temperature of the solution increases and 

this is due to increase in the rate of diffusion of adsorbate molecules across the external boundary surface and 

internal pores of the adsorbent particles (Onu & Nwabanne, 2014). For corn cob, the rapid adsorption of 

bromocresol green dye was from 303-313K with slow adsorption from 313-333K butrice husk yielded a more rapid 

adsorption rate from 303-323K and slow adsorption from 323-333K. 
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3.2.2 Effect of adsorbent dosage 

The quantity of adsorbent CCAC dosages used varied from 0.5g to 2.5g with dye concentration of 100mg/l. The 

results as shown in Figure 2 indicates that as the adsorbent dosage increases, the percentage of bromocresol 

adsorbed also increases with the highest adsorption of BCG gotten in RHAC between dosage of 0.5-1.0g. The 

enhanced percentage of bromocresol green dye adsorbed is attributed to the increased mass of CCAC per unit 

volume solution which generates more active functional groups and eventually increase adsorption sites (Murmuet 

al., 2018; Onu & Nwabanne, 2014). 

 

3.2.3 Effect of contact time  

The effect of contact time on the adsorption of BCG was studied with contact time range of 10 to 60 min, with 

100mg/l of dye solution, pH of 6, at temperature of 313K and adsorbent dosage of 1.5g. There was rapid increase of 

percentage of BCG adsorbed in CCAC from time 10-30 minutes compared to other contact time as shown in Figure 

3.  This high rate of adsorption at initial contact time is attributed to the presence of more adsorption sites and high 

solution concentration which resulted to quick force of interaction of the anions in BCG with the individual 

activated carbon of corn cob (Murmuet al., 2018).   

 

 

3.2.4 Effect of initial amount of concentration 

The initial concentration of dye is significant in determining the adsorption potentials of the adsorbents and this is 

illustrated in Figure 4. This investigation was done while the BCG concentrations from 50-300 mg/L while 

adsorbent dose, time interval, pH and temperature were kept constant at 1.5g, 30 min, 6, and 313K respectively. As 

the concentration of BCG increases, the percentage of BCG adsorbed decreased which is due to the lack of surface 

sites needed for the concentration of the dye. It can also be attributed to the fact that the available solutes are 

absorbed faster at smaller concentration of the BCG (Murmu et al., 2018; Onu & Nwabanne, 2014). 

 

3.2.5 Effect of pH value 

The percentage of BCG adsorbed was investigated over the pH range of 4 to 10, with 100mg/L of dye solution, 1.5g 

of adsorbent 30 min time interval and constant temperature of 313K as shown in figure 5 below. From the results, 

the percentage of BCG removed initially increased as the pH increases (pH 4 to 6) but steadily decrease from pH 6 

to 10. This maximum removal of BCG at pH 6 shows that under alkaline, the change of initial pH had no significant 

impact on the removal of BCG using CCAC and this can be attributed to the anionic form of BCG leading to 

increase in electrostatic interaction with adsorbent site (Murmu et al., 2018; Onu & Nwabanne, 2014). The reduction 

in adsorption efficiency at higher pH could be as a result of an increase in pH, leading to an increase in number of 

negatively charged binding sites and subsequently the anionic BCG will not be adsorbed (Murmu et al., 2018; 

Djilani et al., 2015; Zheng et al., 2015). 

 

 
Figure 1: Effect of Temperature on Adsorption of BCG by Corn cob 
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Figure 2: Effect of Adsorbent dosage on Adsorption of BCG by Corn cob 

 

 
 

Figure 3: Effect of Time on Adsorption by Corn cob of BCG 
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Figure 4: Effect of Dye concentration on Adsorption of BCG by Corn cob 

 

 
Figure 5: Effect of pH on Adsorption of BCG by Corn cob 

 

3.3 Kinetic model 

The kinetic study can be used to investigate the mechanism of the adsorption process and the potential rate 

controlling steps involving mass transport, pore diffusion and chemical reaction processes (Onu & Nwabanne, 2014; 

Ekpete & and Jnr, 2011). To analyze this adsorptive kinetics of BCG, first-order, Pseudo first-order and pseudo 

second-order kinetics were adopted to fit the data gotten from the experiments. 

 

3.3.1 First-order kinetics 

The first-order kinetics is given by; 

 

−𝐼𝑛 (
𝐶𝑡

𝐶0

) =  𝐾1𝑡                                                                       (3)   

Where 𝐶𝑡= the concentration at time t, 𝐶0=the initial concentration, 𝐾1=first-order rate constant (Zheng et al., 2015). 

A plot of  −𝐼𝑛 (
𝐶𝑡

𝐶0
)  𝑎𝑔𝑎𝑖𝑛𝑠𝑡 𝑡  yielded the value for the rate constant as 0.075 and the adsorption data as R2=0.985 
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which reflected a good fit to the experimental equilibrium data as compared to other kinetic models. This is shown 

in Figure 6 below. 

 

3.3.2 Pseudo first-order Kinetics 

The Pseudo first-order can be described below according to Lagergren; 

 

log(𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 − (
𝐾1

2.303
) 𝑡                                      (4) 

 

Where qe=the amount of adsorbate at equilibrium (mg/g), qt=the amount of adsorbate at time t (mg/g), K1= the first-

order rate constant and t is time (min). The plot of log (qe-qt) against the time t produced a linear relationship and 

the values of K1 and qe were determined from the slope and intercept respectively as shown below in Figure 7. The 

adsorption data (R2=0.873) indicates a poor fit to the experimental data and was not a perfect model for the 

adsorption of BCG using CCAC. 

 

3.3.3 Pseudo second-order Kinetics 

The pseudo second-order model is represented by; 

 
𝑡

𝑞𝑡

=  
1

𝑘2𝑞𝑒
2

+  
𝑡

𝑞𝑒

                                                                        (5)   

 

Where 𝑘2= rate constant of the pseudo second-order adsorption (g/mg.min). 

A plot of  
𝑡

𝑞𝑡
against 𝑡(min) gives a linear relationship as shown in figure 8 with slope of 𝑞𝑒, intercept 𝑘2, and 

correlation coefficient R2 with the help of the straight-line graph. The adsorption data shows that this model is not a 

good representation of the equilibrium data (R2=0.704)compared to other kinetic models. 

 

3.3.4 Natarajan and Khalaf kinetic model 

The Natarajan and Khalaf model created a relationship between concentration at any time t and the initial 

concentration as explained in equation 6 according to Srihari & Das (2008), 

 

                                       log (
Co

Ct

) =  (
KN

2.303
)  t                            (6) 

 

where Co = initial concentration (mg/L); Ct = concentration (mg/L) at time t. The value of KN was calculated from 

the slope of the plot of log (Co/Ct) against time (minutes) and the corresponding values are presented in Table 2. 

This model gave a good fit to the experimental equilibrium data and good representation of the adsorption process 

which is synonymous to that obtained in first order model (R2=0.985)  

 

3.3.5 Intra-particle diffusion 

The intra-particle diffusion model helps to examine the chances of the adsorption process diffusing into the interior 

pores of the adsorbent after the external surface adsorption (Murmu et al., 2018; Zheng et al., 2015). This kinetic 

model is explained using Weber-Morris equation; 

 

𝑞𝑡 =  𝐾𝑖𝑡1/2 +  ℬ                                                                              (7) 

 

Where 𝐾𝑖 = the intra-particle diffusion constant and ℬ = the intercept of the line and equivalent to the boundary 

layer thickness. 

 

The plot of 𝑞𝑡against𝑡1/2was shown in Figure 10 and used to calculate the intra-particle diffusion constant 𝐾𝑖 and 

shown in Table 2. 
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Table 2: Kinetics results for BCG adsorption by CCAC 

Kinetic model Parameter Value 

First order K1 (min-1) 

R2 

0.075 

0.985 

Pseudo first order K1 (min-1) 

qe(mg/g) 

R2 

-0.069 

0.251 

0.873 

Pseudo second order K2 (g/mg.min) 

qe (mg/g) 

R2 

0.00033 

33.33 

0.704 

Natarajan & Khalaf KN (min-1) 

R2 

0.081 

0.985 

Intra-particle diffusion Ki(mg/gmin1/2) 

R2 

5.00 

0.975  

 

 
Figure 6: First-order kinetics for Adsorption of BCG by Corn Cob 
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Figure 7: Pseudo first-order kinetics for Adsorption of BCG by Corn Cob 

 

 
Figure 8: Pseudo second-order kinetics for Adsorption of BCG by Corn Cob 
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Figure 9:Natarajan & Khalaf kinetics for Adsorption of BCG by Corn Cob 

 

 
Figure 10: Intra-particle diffusion model for Adsorption of BCG by Corn Cob 

 

3.4 Adsorption Isotherms 

Adsorption is often described using isotherms because of the importance of temperature in the adsorption process. 

The three adsorption isotherms used to analyze the equilibrium adsorption data are; Langmuir isotherm, Freundlich 

model and Temkin isotherm (Murmu et al., 2018; Djilani et al., 2015).  

 

3.4.1 Langmuir Isotherm 

The Langmuir model is on the assumption that the adsorption process takes place on a homogeneous surface by 

monolayer adsorption (Zheng et al., 2015).  

 
𝐶𝑒

𝑞𝑒

=  
1

𝑏𝑞𝑚

+ (
1

𝑞𝑚

)𝐶𝑒                                                                       (8)  

 

Where 𝑞𝑒 = equilibrium amount of solute adsorbed per unit weight of adsorbent (mg/g); 𝐶𝑒 =equilibrium 

concentration in aqueous phase (mg/l), 𝑞𝑚 = the maximum amount adsorbed per unit mass of adsorbent for a 
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complete monolayer (mg/g), 𝑏 = a constant related to the affinity of the binding sites and energy of adsorption 

(l/mg). The Langmuir isotherm model was plotted as  
𝐶𝑒

𝑞𝑒
against 𝐶𝑒  and the constants qm and b were determined 

from the intercept and slope as shown in Figure 11 below. The correlation coefficient indicated that this isotherm 

didn’t fit the equilibrium data. The dimensionless constant for Langmuir isotherm can be expressed as a separation 

factor, RL and expressed in equation 8; 

 

𝑅𝐿 =  
1

1 + 𝑏𝐶0

                                                                             (9)   

 

Where 𝐶0 = the highest initial solute concentration (mg/L), b = Langmuir constant. The value of the calculated RL 

gives an indication on the success of the adsorption process. RL=0, RL=1, RL>1 and 0<RL<1 means the adsorption 

isotherm was irreversible, linear, unfavorable and favorable respectively. From this study, the RL values for BCG 

removal by activated corn cob was calculated and shown in Table 3. The RL value for the activated corn cob was 

0.0187 indicating that the adsorption process was favorable. 

 

3.4.2 Freundlich Model 

Freundlich model is suitable for adsorption of heterogeneous surfaces giving an exponential distribution of active 

sites and energies. The equation below shows the logarithm linear form of the Freundlich isotherm model (Zheng et 

al., 2015): 

log 𝑞𝑒 = log 𝐾𝑓 +  (
1

𝑛
) 𝑙𝑜𝑔𝐶𝑒                                                (10) 

 

Where 𝑞𝑒 =amount of adsorbate (mg/g),  𝐶𝑒 =the equilibrium concentration of the adsorbate (mg/l),𝐾𝑓 =Freundlich 

adsorption capacity factor, 
1

𝑛
= Freundlich adsorption intensity. The model was shown in Figure 12 with a plot of 

loq𝑞𝑒 against log𝐶𝑒 and Freundlich factors𝐾𝑓and n were gotten from the intercept and slope respectively. The 

correlation coefficient R2which yielded a high value (0.977), confirms that this model well fits the equilibrium data 

and gave a good description of the adsorption of bromocresol green dye on to activated corn cob. 

 

3.4.3 Temkin Isotherm 

The Temkin isotherm involves an assumption stating that the fall in the heat of adsorption is linear rather than being 

logarithmic as earlier stipulated by Freundlich (Murmu et al., 2018; Zheng et al., 2015). The linear form of Temkin 

isotherm is illustrated in equation 11. 

 

𝑞𝑒 = (
𝑅𝑇

𝑏
) 𝐼𝑛𝐴 + (

𝑅𝑇

𝑏
) 𝐼𝑛𝐶𝑒                                                 (11) 

Where 
𝑅𝑇

𝑏
= B which is the heat of adsorption, A = the equilibrium binding constant (L/mg). A plot of  𝑞𝑒  against 

𝐼𝑛𝐶𝑒 as shown in Figure 13 below with the values of the constants b, A and correlation coefficient determined as 

shown in Table 3. The value of correlation coefficient (R2=0.889) signifies that the Temkin isotherm did not give a 

good representation of the equilibrium data. 

3.4.4 Halsey Isotherm 

The Halsey isotherm is assumed to be suitable for multilayer adsorption and is generally expressed in linear form 

illustrated in equation 12(Amin, Alazba & Shafiq, 2015). 

 

ln qe =  
ln KHa

nHa

−  
ln Ce

nHa

                                                           (12) 

Where KHa (mg/L) and nHa are the Halsay isotherm constants. A graph of ln qe against ln Ce is plotted as shown in 

figure 14. From the correlation coefficient (R2=0.977), this isotherm fits the equilibrium data compared to other 
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isotherms and the adsorbent is termed to be heterogenous in nature. The equilibrium data is well represented with 

Halsey isotherm. 

3.4.5 Harkins-Jura Isotherm 

Harkin-Jura isotherm model also assumes the possibility of multilayer adsorption on the surface of absorbents 

having heterogeneous pore distribution (Amin, Alazba & Shafiq, 2015) and the linear form of this model is stated in 

equation 13 
1

qe
2

 =   
BH

AH

 −   
1

AH

log Ce                                                           (13) 

Where AH (g2/L) and BH (mg2/L) are two parameters characterizing the adsorption equilibrium. A plot of  
1

qe
2 against 

log Ce was done as shown in figure 15 with the corresponding values of AH and BH stated in Table 3. The correlation 

coefficient (R2=0.870) from Harkin-Jura isotherm signifies that the fit to the equilibrium data was very poor 

compared to other isotherms. 

 
Figure 11: Plot of Langmuir Isotherm for Adsorption of BCG by Corn Cob 
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Figure 12: Plot of Freundlich Isotherm for Adsorption of BCG by Corn Cob 

 

 
Figure 13: Plot of Temkin Isotherm for Adsorption of BCG by Corn Cob 
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Figure 14: Plot of Halsey Isotherm for Adsorption of BCG by Corn cob 

 

 
Figure 15: Plot of Harkins-Jura Isotherm for Adsorption of BCG by Corn cob 
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Table 3: Calculated Isotherm Properties of BCG Adsorption by Activated Corn cob 

Isotherm model Parameter Value 

Langmuir qm(mg/g) 

b (L/mg) 

RL 

R2 

14.3 

1.052 

0.0187 

0.924 

Freunlich n 

Kf(L/g) 

R2 

2.941 

2.884 

0.977 

Temkin b (J/mg) 

A (L/g) 

R2 

1067.43 

1.953 

0.889 

Halsay KHa (mg/L) 

nHa 

R2 

0.082 

-2.5 

0.977 

Harkins-Jura AH (g2/L)  

BH (mg2/L) 

R2 

-20 

0.000 

0.870  

 

3.5 Thermodynamic Study 

The vital thermodynamic properties such as enthalpy change (∆H), entropy change (∆S) and Gibbs free energy 

(∆G)were calculated using the following Van’t Hoff equations(Srihari& Das, 2008;Amin, Alazba& Shafiq, 2015; 

Ohale et al. 2020). 

 

                                       ∆𝐺𝑜 =  −𝑅𝑇 ln 𝐾𝐿                                                     (14)  
 

                                       ln 𝐾𝐿 =
∆𝑆𝑜

𝑅
−

∆𝐻𝑜

𝑅𝑇
                                                (15) 

 

                                      ∆𝑠𝑜 = ∆𝐻 −
∆𝐺𝑜

𝑇
                                                     (16) 

 

where  𝑅= universal gas constant = 8.314 J/Mole/K, 𝐾𝐿 = equilibrium constant (amount on adsorbent/amount in 

solution), 𝑇 = Temperature in 0K. 

 

The values of ∆S, ∆H and ∆G were calculated from the slope and intercept of equation 15 (ln 𝐾𝐿v 1/T) and shown in 

Table 4. The negative values of ∆H is an indication that the process is exothermic and stipulates that the molecules 

were freely diffused (Srihari & Das, 2008). The negative values of ∆S reflected the decreased randomness at the 

solid-solution interface during the adsorption process and since it is less than 1, it shows that the process is very 

reversible. The positive values of ∆G confirmed that the adsorption of BCG onto CCAC was a non-spontaneous 

process. 

 

Table 4: Thermodynamic properties for the adsorption of BCG onto CCAC 

Adsorbent T (K) ∆G (KJ/mol)       ∆S (kJ/mol K)    ∆H (KJ/mol) 

CCAC 303 

313 

323 

333 

1.255 

2.669 

4.082                   -0.141                -41.57     

5.496 

 

 

4. Conclusion 

The study of the adsorption of bromocresol green dye from activated carbon prepared from corn cob illustrates that 

this can be done at a cost-effective rate. The effect of process parameters showed that as the removal of BCG 

increases the temperature, adsorbent dosage and contact time increases. On the other hand, as the removal of BCG 

decreases, the dye concentration and pH increases. From the investigation, the activated carbon prepared from corn 
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cob gave good values of the correlation coefficient across the kinetic and isotherm models. The separation factor 

from the Langmuir model indicates that the adsorption process of BCG by CCAC was favorable. The first-order and 

Nataran & Khalaf kinetics gave the best description of the adsorption kinetics for CCAC used (R2=0.985) while the 

Freundlich and Halsay isotherm illustrates the best fit for the equilibrium data (R2= 0.977).  The correlation 

coefficient R2 was higher in the first-order model compared to the pseudo first-order and pseudo second-order 

models. From these analytical stats, it was assumed that the first-order model gave a more reliable adsorption of 

bromocresol green dye from aqueous solution using activated carbon from corn cob. 
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