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ABSTRACT 

The uptake of 2-nitrophenol (2NP) from aqueous solution onto cowpea husk powder tethered on iron oxide 

(CHPI) and pristine cowpea husk powder (CHP) for comparison was investigated under different 

experimental conditions such as, initial adsorbate concentration, adsorbent dose, contact time, solution pH 

and temperature using UV-Visible spectrophotometer. Adsorption isotherms were described using the 

Langmuir and Freundlich models. The experimental data fitted into Freundlich isotherm equation, 

indicating monolayer adsorption of the adsorbate on the surface of the adsorbent. Kinetic evaluations 

showed that the adsorption mechanism of the iron tethered cowpea husk powder was well described by the 

Lagergren pseudo-first-order model with rate constant increasing with initial adsorbate concentration and 

evaluated to be 9.4x10-3 g·mg−1·min−1 for CHPI and 1.67x10-2 g·mg−1·min−1 for CHP respectively; showing 

the iron tethered cowpea husk powder as a better adsorbent. The evaluations of enthalpy, entropy and free 

energy changes revealed that the adsorption processes were spontaneous and endothermic in nature. The 

study revealed that both adsorbents studied behaved considerably well with an added advantage of 

convenient adsorbent separation with use of the iron tethered cowpea husk powder.  
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INTRODUCTION 

 

There is rapid degradation and pollution of our 

environment due to increasing pollution, 

urbanization, and industrial growth. The 

continuous pollution of freshwater bodies with 

industrial effluents is the major cause of water 

scarcity [1]. Due to the high industrial importance 

of phenols and its derivatives, they have become 

a major organic pollutant commonly found in 

industrial wastewaters and effluents. [2, 3] 

Phenolic compounds are major components of 

dyes, polymers, drugs, and other organic 

substances. [4, 5] They are also used as 

antioxidants and flavoring agents among other 

beneficial health applications [3]. However, 

despite the benefits of phenols, they are known to 

be moderately or highly toxic at low 

concentrations to plants, fish, and many other  

 

 

organisms.[2] Because of the high solubility and 

volatility of phenolic compounds, route of 

exposure in water and wastewater could be nasal, 

oral, eye or skin and dermal contact.[6] Exposure 

through any of this route can cause harmful 

effects, with higher levels of exposure even 

causing eventual death.  

High levels of phenolic compounds in the 

environment can disrupt the biological ecosystem 

and nutrient cycling.  They top the list of 

hazardous chemicals that is difficult to be 

detoxified in the body or broken down by 

organism [7, 8].  

The presence of this phenolic compounds in 

waste or municipal waters can lead to the 

formation of substituted compounds during 
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disinfection and oxidation processes [9]. The 

mutagenic and carcinogenic properties of 

phenolic compounds have resulted in their 

categorization as priority pollutants by the US 

Environmental Protection Agency (EPA). 

Therefore, a water purity standard lower than 

1ppb has been set by EPA for phenols in surface 

water for both humans and aquatic life [10].  

2-Nitrophenol is a water soluble solid which has 

been used as intermediate in the synthesis of 

several organophosphorus pesticides and medical 

products [12]. The vapor phase release of 

industrial waste results in the wet deposition of 

nitrophenols from the air to surface water, posing 

as a major risk to both aquatic organism and 

humans. Strong pollution of air due to industrial 

emissions can lead to an increase of nitrophenols 

concentrations up to 320 ng/dm3 [13].  

Various methods that have been used for the 

removal of phenols from aqueous solution 

includes recuperative processes such as 

adsorption [14-15], membrane separation [16-

17], bio-electrochemical treatment [18], 

electrochemical oxidation [19], ion exchange 

[20] and solvent extraction [21]. Oxidation with 

ozonation and incineration, destructive processes, 

has also been applied [21].  Adsorption process is 

used majorly for organic and inorganic 

micropollutants removal from aqueous 

environments. This is because of cost-

effectiveness, ease of operation, and high 

removal efficiency. [22]. 

Activated carbon is the most widely used 

adsorbent for the adsorption of organic pollutant 

from water [23-25]. Activated carbon has shown 

strong effectiveness in the removal of organic and 

in-organic pollutant, However, it high cost, time 

require for preparation and regeneration is a 

major limitation [26]. This limitation has 

stimulated interest in investigating the removal of 

organic pollutant using low-cost adsorbents. 

Examples of the cost-effective adsorbents that 

have been tested are natural zeolite [27], treated 

waste newspaper [28], and olive mill waste [29]. 

Unlike traditional adsorbents which are usually 

removed through screening, a separator can be 

used to separate a magnetic activated adsorbents 

from solution even if the solution contains a 

significant concentration of solids.  

It has been reported that agricultural waste as a 

raw material for adsorption have high adsorption 

potential with low cost and high availability [30]. 

Thus, the significance of this study is to propose 

an ecofriendly and simple method for the 

treatment of toxic wastes with excellent 

performance, and good regeneration from treated 

waters. The research work will also serve as a 

means of converting agricultural waste into 

relevant material that will serve the purpose of 

environmental remediation. 

 

MATERIALS AND METHODS 

Sample Source and Preparation of Iron 

Coated Cowpea Husk 

The beans husk was gotten from Obantoko 

market in Abeokuta, Ogun State, Nigeria. The 

properly screened beans husk was washed with 

de-ionized water to remove dirt and other 

impurities and then dried in an oven at 100oC. 

The dried beans husk was crushed and converted 

to a fine powder that can pass through a 100µm 

mesh and packaged in pre-cleaned container. 10g 

husk fine powder immersed in 150mL solution of 

FeSO4.7H2O under continuously stirring. 60mL 

of 5M NaOH solution was drop-wisely added to 

precipitate the iron oxide on the surface of the 

cowpea husk powder. The solution was then 

stirred for 1h. The resulting iron-oxide coated 

cowpea husk powder was filtered, washed several 

times with deionized water and dried at 100oC. 

 

 

Adsorption Procedure 

Effect of pH on Adsorption 
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The effect of solution pH on the adsorption of 2-

nitrophenol was studied over different pH range. 

The pH adjustment was made with 0.1M HCl / 

0.1M NaOH solution. 0.1g of a sample of the 

cowpea husk powder was contacted with 15 mL 

of 100 mg/L of 2-Nitrophenol at 25oC in 100mL 

conical flask. The experiment was performed at 

pH 2, 4, 6, 7, 8, and 10. The reaction mixtures 

were agitated for 2 hours after which they were 

filtered with Whatman filter paper having a pore 

size of 9.0cm. The filtrate was analyzed for the 

residual adsorbate concentration on UV-V 

spectrophotometer. The experiment was carried 

out in duplicate using both the magnetic and non-

magnetic cowpea husk powder. The pH was 

studied keeping the solution concentration, 

adsorbent dose, contact time and temperature 

constant. 

Determination of Equilibrium Time 

 0.1g of a sample of the CHP and CHPI was 

weighed into 15 mL of 100 mg/L of 2-NP at 25oC 

in 100 mL conical flask. The mixtures were 

agitated with an orbital shaker at a speed of 100 

rpm for 10min for 2 hours after which they were 

filtered with Whatman filter paper. The mixture 

was filtered and then analyzed using UV-Visible 

spectrophotometer. The procedure was repeated 

by varying the time at 20, 30, 40, 60, 80, 120 and 

140 minutes.  

Effect of Adsorbent dose 

Different grams of a sample of cowpea husk 

powder (0.05g, 0.1g, 0.2g, 0.4g and 0.6g) was 

weighed into 15 mL of 100 mg/L of 2-NP at 2oC 

in 100 mL conical flask. The sample mixture was 

adjusted to pH of 10. The reaction mixtures were 

agitated for 2 hours after which they were filtered 

with Whatman filter paper. The filtrate was 

analyzed for the residual adsorbate concentration 

on UV-V spectrophotometer. The experiment 

was carried out in duplicate for CHP and CHPI 

 

Optimum Adsorbate Concentration 

0.1 g of a sample of the cowpea husk powder was 

contacted with 15 mL of different concentration 

(100, 200, 300, 400 and 500 mg/L) of 2-NP at 

25oC in 100 mL conical flask. The sample 

mixture was adjusted to pH of 10. The reaction 

mixtures were agitated for 2 hours after which 

they were filtered with Whatman filter paper with 

a pore size of 9.0 cm. The filtrate was analyzed 

for the residual adsorbate concentration on UV-V 

spectrophotometer. The experiment was carried 

out in duplicate for CHP and CHPI. 

Effect of Temperature 

0.1 g of a sample of the cowpea husk powder was 

contacted with 15 mL of 100 mg/L of 

Nitrophenol at varying temperature of 25, 30, 35, 

40, 45 and 50oC in 100 mL conical flask. The 

sample mixture was adjusted to pH of 10. The 

mixtures were agitated for 2 hours after which 

they were filtered with Whatman filter paper 

having a pore size of 9.0 cm. The filtrate was 

analyzed for the residual adsorbate concentration 

on UV-V spectrophotometer. The experiment 

was carried out in duplicate for both CHP AND 

CHPI 

 

RESULTS AND DISSCUSION 

Effect of Different Parameters on Adsorption 

pH of Adsorption 

Figure 1 shows that there is a gradual increase in 

the adsorption of 2-nitrophenol as the pH 

increases and pH 10 correspond the maximum 

adsorption for both the adsorption carried out by 

magnetic and the non-magnetic cowpea husk 

powder. The increase in adsorption capacity at a 

more basic pH is due to the lower concentration 

of hydrogen ions in the solution and at the 

adsorption sites of the cowpea powder. 

Comparing the adsorption maxima of the 

magnetic and the non-magnetic powder, the 

magnetic powder shows more adsorption 
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capacity compared to the non-magnetic powder at 

pH 10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Graph showing the comparison of the effect of pH on 2-nitrophenol adsorption onto 

magnetic and the non-magnetic cowpea husk powder

  

Equilibrium Time  

The removal of 2-nitrophenol increases with 

increase in the adsorption time for both magnetic 

and the non-magnetic cowpea husk powder 

(figure 2). The equilibrium time was reached at 

120 min for both magnetic and the non-magnetic 

powder. The magnetic powder shows high 

adsorption efficiency compared to the non-

magnetic powder as the time increases. After the 

equilibrium time was attained, there was no 

significant change in adsorption efficiency with 

increase time.

 

Figure 2: Graph of the effect of equilibrium time on 2-nitrophenol adsorption onto magnetic and the 

non-magnetic cowpea husk powder. 
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Initial concentration of Adsorbate 

The effect of initial concentration of adsorbate on 

rate of 2-nitrophenol is shown in Figure 3. The 

figure indicates that the percentage removal 

decreases with the increase in the initial 

concentration, the percentage sorption decreased 

from 80 to 52 % for the magnetic cowpea husk 

powder and 75 to 57 % for the cowpea husk 

powder as the initial concentration of Pb (II)  

 

 

ions increased from 100 to 500 mg dm−3 showing 

greater absorption for the magnetic cowpea husk 

powder. The decreased adsorption with increased 

concentration shows there were no more 

adsorption sites on the adsorption surface of the 

adsorbent material as concentration increases.  

 

 

 

Figure 3: Adsorption capacity comparison between CHPI and CHP at different initial 

concentration of adsorbate.

 

 

Effect of Temperature on Adsorption 

Capacity 

Temperature dependence of 2-NP adsorption 

onto CHP and CHPI was carried out within the 

temperature range of 25oC to 50oC as shown in 

Figure 4. The experiment was carried out at 

equilibrium time and equilibrium pH. The  

 

 

 

 

concentration of adsorbate and weight of 

adsorbent was kept constant. A gradual increase 

in the efficiency of adsorption was observed. 

Increased sorption with temperature increase may 

be due to increase in the number of active surface 

sites available for sorption on the adsorbent as 

temperature increases due to bond rupture and it 

signifies endothermic nature of the adsorption 

process. 
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Figure 4: Effect of Temperature on the Adsorption of 2-nitrophenol using magnetic and non-

magnetic cowpea husk powder

 

Thermodynamic Studies 

The thermodynamics of the system considered 

under this study is shown in Figure 5. The 

enthalpy change, entropy change, and the Gibbs 

free energy change is related by the equation 

below: 

 𝛥𝐺 =  𝛥𝐻 − 𝑇𝛥𝑆 (1) 

The study of temperature dependence of 

adsorption gives valuable information about the  

enthalpy and entropy changes during adsorption. 

The negative value of ΔG (Table 1) indicates that 

the adsorption process is spontaneous for the 

temperature range evaluated which is usually the 

case for many adsorption systems in solution. The 

positive value of ΔH shows that the adsorption is 

endothermic, so raising the temperature leads to a 

higher adsorption. 

  

Table 1: Thermodynamic parameters of adsorption of 2-nitrophenol using magnetic and non-

magnetic cowpea husk powder 

  

 ΔH ΔS R2                               ΔG 

    298K 303K 308K 313K 318K 323K 

Cowpea husk 16.951 0.0698 0.9785 -3.789 -4.183 -4.621 -5.076 -5.193 -5.536 

Magnetic 

cowpea husk 

22.105 0.0916 0.9323 -5.314 -5.690 -6.088 -6.293 -6.782 -7.823 
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           Figure 5: Thermodynamic Plot of the Adsorption process 

 

 

           Figure 6: Graph showing Linearized Freundlich adsorption isotherm 

 

 

 Adsorption Isotherm 

According to the Figure 6, the experimental data 

fitted into Freundlich isotherm equation 

perfectly, indicating monolayer adsorption of the 

adsorbate on the surface of the adsorbate on the 
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surface of the adsorbent. The high value of the 

correlation coefficient R2 (0.9188), the straight-

line graph. 

Kinetic Modeling 

The experimental data above were tested using 

the kinetic models to study the mechanism of the 

adsorption of 2-nitrophenol onto the magnetic 

and the non-magnetic powder and potential rate 

determining step. Using the Lagergren pseudo-

first order kinetic model (equation 2) for the 

adsorption of 2-nitrophenol by the magnetically 

coated powder (Figure 7) and the non-magnetic 

powder, the linearization of the graph gives a 

vivid explanation to the kinetic of the adsorption 

of 2-nitrophenol on the magnetic cowpea husk 

powder at high and low adsorption rate.   

 𝐼𝑛(𝑞𝑒 − 𝑞𝑡) = 𝐼𝑛𝑞𝑒 − 𝑘1           (2)

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Graph of Lagergren-pseudo first order model for the adsorption of 2-nitrophenol onto 

magnetic and non-magnetic cowpea husk powder. 

 

The low correlation coefficient of non-magnetic 

powder, R2 value of (0.896) indicate that 

Lagergren model does not work well for it unlike 

adsorption carried out with magnetic cowpea 

husk having a high correlation coefficient, R² 

value of (0.9566). The rate constant for the 

adsorption was evaluated to be 9.4x103 

g·mg−1·min−1 for the magnetic cowpea husk 

powder and 1.67x102 g·mg−1·min−1 for the 

cowpea husk powder showing that the magnetic 

cowpea husk powder is a better adsorbent. 

 

CONCLUSION 

 

The mechanism of the adsorption 2-Nitrophenol 

on cowpea husk powder tethered on iron oxide 

(CHPI) and pristine cowpea husk powder (CHP) 

aqueous medium was investigated using kinetic 

and equilibrium studies. The equilibrium time 

was found to be 120 min for min for both 

magnetic and the non-magnetic powder. 

Maximum adsorption for 2-NP was found to 

occur at pH 10.  Kinetic evaluation of the 

adsorbent using Lagergren pseudo-first-order 

model shows that the iron tethered cowpea husk 

powder as a better adsorbent. The rate constant 
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increased with initial adsorbate concentration and 

evaluated to be 9.4x10-3 g·mg−1·min−1 for CHPI 

and 1.67x10-2 g·mg−1·min−1 for CHP 

respectively. 

Adsorption isotherm reveals that the 

experimental data fitted into Freundlich isotherm 

equation. This shows a monolayer adsorption of 

the adsorbate on the surface of the adsorbent. T 

Enthalpy, entropy and free energy changes shows 

a spontaneous and endothermic adsorption 

processes. Although both CHPI and CHP shows 

favorable results, the former has the advantage of 

convenient adsorbent separation. 
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