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Adsorption of Congo red (CR) dye from aqueous solution onto activated cowpea husk 

(ACPH), a low-cost agricultural waste material in a batch process was investigated. 

Adsorption was studied as a function of amount of adsorbent, pH, initial dye concentration and 

time. It was found that adsorption capacity varied linearly with the amount of adsorbent, initial 

CR concentration with time. The results show that maximum adsorption capacity was obtained 

at the optimum levels of contact time (24.3157mg/g at 60 minutes), adsorbent dose 

(24.532mg/g at 0.1g), initial dye concentration (407.2787mg/g at 500mg/L) and pH 

(24.26mg/g at 1.5).  Adsorption equilibrium data were represented by isotherm, kinetics and 

thermodynamics models. Three isotherm models namely Langmuir, Freundlich and Temkin 

were tested and adsorption was found to fit well into Langmuir model relatively better than 

others. The maximum loading capacity (qm) of the adsorbent for Congo red obtained from the 

Langmuir isotherm model is 263.16 mg/g. The kinetic data was well described by the pseudo-

second order kinetic model with the correlation coefficients (R2) value of 0.994. The 

adsorption process was found to be thermodynamically endothermic and spontaneous. The 

negative value of ΔS (-0.00053J/mol.k) infer that the randomness decreases at the 

adsorbent/adsorbate interface during the adsorption process.  FTIR and SEM analyses of the 

adsorbent suggest that adsorption of the dye was through an electrostatic interaction between 

the functional groups present in the dye and those on the surface of the adsorbent. 
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1. Introduction  

  Dyes are coloured substances that can be applied to 

various substrates (textile materials, leather, paper, hair) 

from a liquid in which they are completely, or at least 

partly, soluble. Man has made use of dyes since prehistoric 

times, and in fact, the demand and the usage of dyes have   

continuously increased. However, the presence of dyes 

even in trace quantities is very undesirable in aqueous 

environment as they are generally stable to light and 

oxidizing agents, and are resistant to aerobic digestion [1]. 

This is partly due to the realization that contamination of 

aquatic environment by dyes causes reduction in the 

growth of algae due to obstruction of light required for 

photosynthesis, which subsequently leads to ecological 

imbalance in the aquatic ecosystem [2].  

     Congo red (C32H22N6Na2O6S2: disodium 4-amino-3-[4-

[4-(1-amino-4-sulfonato-naphthalen-2-yl) 

diazenylphenyl]phenyl]diazenyl-naphthalene-1-sulfonate) 

is a secondary diazo dye that is used in textile, paper, and 

leather industries. It is a water-soluble dye and can be used 

as a pH indicator due to its colour change from blue to red 

at pH 3.0 – 5.2. The coloured effluents which are 

discharged into water cause environmental pollution with 

harmful effects on aquatic life [3]. Many researchers have 

studied the removal of this carcinogenic dye through 

adsorption process using various adsorbents of plant origin 

including: coconut residual fiber [4], Phoenix dactylifera 

date stones and Ziziphus lotus jujube shells [5], Solanum 

tuberosum and Pisum sativum peels [6], common Beach 

(Fagus sylvatica L.) [7], Ulva lactuca biomass [8], Mango 

leaves [9], Litchi peel biochar [10], Pomelo peel [11], 

Brewer’s grains [12], Magnolia-leaf [13], Pineapple peel 

[14], Banana peel [15], Walnut shell [16], Pine bark [17], 
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Vetiveria zizanioides [18], and Cabbage waste [19].       

       However, the adsorption process is influenced by the 

nature of the adsorbate and its substituent groups. The 

presence and concentration of surface functional groups 

play an important role in the adsorption capacity and the 

removal mechanism of the adsorbate. The most commonly 

used adsorbent in the adsorption process is activated 

carbon. Activated carbon has the advantage of exhibiting a 

high adsorption capacity for colour pollutants due to their 

high surface area and porous structure [20].  

    Vigna Unguiculata (Cowpea) is a versatile African crop; 

it feeds people and their livestock. It is a high protein food 

and very popular in West Africa. As a nitrogen fixing 

legume, Cowpea improves soil fertility and consequently 

helps to increase the yields of cereal crops when grown in 

rotation. It is referred to as the “hungry season crop” given 

that it is the first crop to be harvested before the cereal 

crops are ready. It is a crop that offers farmers great 

flexibility. They can choose to apply more input and pick 

more beans or- if cash and inputs are scarce, they can pick 

fewer beans and allow the plants to produce more foliage 

[21] 

    This research is aimed at investigating the kinetics, 

thermodynamics and equilibrium isotherms of Congo red 

removal from aqueous solution by adsorption onto 

activated cowpea husk. 

 
Fig 1. Structure of Congo red dye 

2. Materials and Methods 

2.1 Adsorbent Collection and Preparation 

     The cowpea husk (CPH) was obtained from a local 

market in Kano, Nigeria. The shells obtained after 

removing the seeds from the pods was washed and air dried 

by removing the bean seeds. CPH was first washed with 

water to remove dirt from its surface and subsequently 

dried at 105
o
 C for 24 hrs in an oven to remove the 

moisture content. Methods used were largely without 

modification for the preparation of the activated carbon 

[22-23]. 60g of the cowpea husk was mixed with 50ml of 

10% phosphoric acid (H3PO4). The treated samples were 

pyrolyzed at 450°C for 1 h in an electric muffle furnace. 

After activation, the mixture was removed from the furnace 

and allowed to cool to room temperature. The pyrolyzed 

sample was washed with 2% HCl (v/v) several times and 

then with distilled water until a neutral pH was achieved. 

Later the carbon paste was dried in an electric oven at 

105°C for 24 h. The carbon preparation experiments were 

carried out several times to obtain enough activated carbon 

samples for further analysis and characterization. The 

resulting activated carbon was kept in air-tight container 

and labelled AC-CPH (Activated Carbon Cowpea husk) for 

subsequent usage. 

 

2.2 Preparation of Congo Red solution 

      The Stock solution (Congo Red (CR) dye) was 

prepared by dissolving accurately weighed 1g of the dye 

into a 1L to produce 1000 mgL
-1

using distilled water. The 

experimental solutions (50-500mg/L of desired 

concentration were prepared accordingly by diluting the 

stock solution with distilled water [24]. The concentration 

of the residual un-adsorbed CR dye was measured at λmax = 

498.3 nm using UV–Visible spectrophotometer (Model 

Hitachi 2800).  

 

2.3 Characterization of the Adsorbent 

      The surface morphological properties of the adsorbent 

sample were investigated using Scanning Electron 

Microscope (SEM, Phenom World Eindhoven). Scanned 

micrographs of adsorbents before and after adsorption were 

taken at an accelerating voltage of 15.00 kV and x500 

magnification. FTIR analyses of the CR dye, adsorbents 

before and after adsorption were carried out using Cary 

630 Fourier Transform Infrared Spectrophotometer Agilent 

Technology. The analysis was done by scanning the 

sample through a wave number range of 650 – 4000 cm
-1

; 

32 scans at 8cm
-1

resolution. 

 

2.4 Batch Adsorption Experiment  

       Batch experiments were carried out to determine the 

optimum conditions for the equilibrium adsorption of 

Congo red onto activated cowpea husk. The results 

obtained after the optimization experiments were used to 

conduct the batch adsorption experiments. Each of these 

systems was separately run in a 250 cm
3
 conical flask 

differently at 30
0
, 40

0
, 50

0
 and 60

0
C respectively. The 

conical flasks were covered during the equilibration period 

and placed on a temperature-controlled tightly Innova 4000 

incubator shaker for the earlier reported period. After 

reaching adsorption equilibrium, the content was filtered 

through Whatman No 1 filter paper. The filtrate was 

analysed using Perkin-Elemer Uv-visible 

spectrophotometer at maximum absorbance wavelength of 

498.3nm [24]. The extent of adsorption was calculated 

using equations (1) and (2) respectively: 

   = 
       

 
     (1) 

Rem (%) = 
       

  
      (2) 

Where Qe is the adsorption capacity (mg/g), Co and Ce are 

the initial and final equilibrium concentration (mg/l) of 

Congo red in solution, V is the volume of Congo red in 

solution (L), and m is the mass (g) of the adsorbent. 

3. Results and Discussion 

3.1 FTIR Spectroscopy and Scanning Electron Micrograph  
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       FTIR analysis spectrum as shown in Fig. 2 of the 

adsorbent before and after adsorption was carried out using 

Cary 630 Fourier Transform Infrared Spectrophotometer 

Agilent Technology. The analysis was done by scanning 

the sample through a wave number range of 650 – 4000 

cm
-1

; 32 scans at 8cm
-1

resolution.The broad band that falls 

in the range of 3400–3300 cm
–1

 is associated with the –OH 

group. The peaks at 1600 cm
–1

 and 1500 cm
–1

 correspond 

to the C=C stretching vibration. The peaks at the regions 

1300 cm
–1

and 1080 cm
–1

 correspond to the C-O stretching. 

Generally, the FTIR spectrum for the activated cowpea 

husk indicated the presence of the hydroxyl functional 

group, –OH, which might be responsible for the adsorption 

of Congo red. The –OH group of the adsorbent was 

protonated due to the low pH of the solution. The presence 

of the –SO3– group in Congo red will preferentially favour 

the protonated –OH group of the cowpea husk to form a 

hydrogen bond during the adsorption process. However, 

the FTIR spectra analysis results as seen on table 1 indicate 

that only minor differences between before and after 

adsorption of Congo red on activated cowpea husk could 

be established. Therefore, shift in bands and changes in 

wavelength between the before and after adsorption of 

samples indicate that chemical transformation must have 

taken place during chemical treatment or during pyrolysis. 

 
 

Fig. 2. FTIR spectral of ACPH before and after adsorption 

of CR 

 

Table 1. Different functional group recognized before and 

after adsorption of CR onto ACPH 

Functional 

group 

Wavelenght class range (cm
-1

) 

 Before 

adsorption 

After 

adsorption 

Difference 

O-H stretch 3300- 3400 

(broad) 

- - 

C-H Alkanes 2850- 2960 

1350- 1470 

- 

- 

- 

- 

C≡C Alkynes 2100- 2260 2113 -15 

C=Caromatic 1500-1600 1562 - 

C-O 1080-1300 - - 

C-H aromatic 675- 870 873 +4 

 

       SEM micrographs of adsorbents before and after 

adsorption of CR onto ACPH were taken at an accelerating 

voltage of 15.00 kV and x500 magnification. Fig. 3 shows 

the surface morphology of CPH before and after activation 

of CR. It is clear that the surfaces of ACPH are smooth and 

contains cavities and pores which may enhance adsorption 

and intra-particle diffusivity [25]. The porous structures 

have been filled after adsorption of the CR dye. The SEM 

micrograph of the ACPH before adsorption shows some 

considerable porous, granular and almost uniform in size 

where Congo red could be adsorbed with a high 

probability. 

 

Fig. 3a. SEM Micrograph of ACPH before adsorption of 

CR 

 

 
 

Fig. 3b. SEM Micrograph of ACPH after adsorption of CR 

 

3.2 Physical Properties of the Produced Adsorbent 

      Some of the physical properties of the activated carbon 

produced are given in table 2. The values of the moisture 

content, pore volume and the bulk density of the produced 

activated carbon revealed that it had good adsorptive 

properties. It was noticed from the properties that, though it 

might not give up to 100% adsorption but it will be good 

for adsorption of organic and inorganic materials to a large 

extent [26]. 
 

Table 1. Different functional group recognized before and after 

adsorption of CR onto ACPH 

 

Adsorbent Moisture 

Content 

Density Pore 

Volume 

ACPH 13.6% 0.211g/cm
3
 1.79cm

3
 

 

3.3 Batch Adsorption 
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      Fig. 4a shows the effect of the amount of ACPH used 

on the adsorption of Congo red dye. The amount of 

adsorbent was varied from 0.1 to 0.6 g while the dye 

concentration was fixed at 50 mg/L. The net quantity of 

adsorbate removed decreased (from 24.532mg/L to 

2.4432mg/L) with increasing mass (0.1g- 0.6g) of ACPH 

which is attributed to an increase in the sportive surface 

area and the availability of more active binding sites. The 

net equilibrium amount adsorbed however is an expression 

of the efficiency of an adsorbent which may not show 

increase in the amount adsorbed per unit mass as the 

adsorbate dose increases [27]. The effect of initial 

concentration of CR was investigated by varying the 

concentration from 50 to 500mg/L, at natural pH of dye 

solution with agitation time and speed of 1hr and 130rpm 

respectively as reported in Fig. 4b. It is evident from the 

plot that the amount CR adsorbed by ACPH increases with 

increasing concentration. At low concentration, the 

available driving force for transfer of CR molecules onto 

the adsorbent particle is low. While at high concentration, 

there is a corresponding increase in the driving force, 

thereby, enhancing the interaction between the dye 

molecule in the aqueous phase and the active sites of the 

adsorbent. As a result of this, there was an increase in the 

dye uptake as adsorption capacity increases. Similar trends 

were reported by other authors [28, 29]. 

 

 

 
Fig. 4. Effect of (a) adsorbent dosage and (b) initial 

concentration on the adsorption of CR onto the ACPH. 

 

      Fig. 5a showed variation of the amount of CR adsorbed 

with time onto ACPH. From the plot, it is evident that the 

rate increased rapidly with time, and then reached 

equilibrium. The contact time to reach equilibrium was 

60min. The adsorption capacity and percent removal of CR 

onto the adsorbent significantly increased during the initial 

adsorption stage, and then equilibrium was nearly reached. 

At this time, removal efficiency reached was 24.3157mg/l 

for CR. Hence, in the present work, 60 min was chosen as 

the equilibrium time. However, the removal rate of 

adsorbate is rapid initially, but it gradually decreases with 

time until it reaches equilibrium. This can be due to the fact 

that a large number of vacant surface sites are available for 

adsorption at the initial stage, and after a lapse of time, the 

remaining vacant surface sites are not easy to be occupied 

due to repulsive forces between the solute molecules on the 

solid and bulk phases. Similar findings were reported by 

another author [25-30]. 

      As observed in Fig. 5b, the pH plays an important role 

in the adsorption of Congo red dye on the adsorbents 

because it influences the surface polarity of the adsorbents, 

ionic mobility and degree of ionization of the pollutants 

(Congo Red dye). It is a known fact that when pH of 

solution is less than pHpzc, the adsorbent surface acquires 

positive charge and then adsorbs the anionic dye (Congo 

Red) easily [12-31]. The adsorption of Congo red dye on 

activated cowpea husk is preferred at pH less than pHpzc 

of adsorbents, i.e. at neutral and or acidic pH of solution. 

This suggests that the ACPH has great adsorption capacity 

in almost neutral media. Its surface polarity and active sites 

could be blocked by high concentration of H+ or OH- ions 

hence the adsorption efficiency decreases at very high pH 

value. This suggests that the active sites and surface 

polarity of this adsorbent increase in acidic media that 

enhances the adsorption of dye. To simplify more the 

adsorption mechanism in the present case it can be 

concluded that a decrease in the adsorption at higher pH 

reflect that electrostatic repulsion may occur between the 

anionic Congo Red dye and negatively charged adsorbent 

surface under alkaline pH conditions. While under acidic 

pH (lower pH), concentration of H
+
 ion increases and also 

the adsorbent surface acquires positive charge. Under this 

condition attractive forces may occur between anionic dye 

molecule and the positively charged adsorbent surface. At 

lower pH which causes maximum removal of dye. 

Furthermore, excess amount of negatively charged 

hydroxyl ions may also compete with dye molecules for 

adsorbent sites under higher pH condition (basic pH) and 

so decrease the adsorption effectiveness of Congo red on 

adsorbent used. 
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Fig. 5. Effect of (a) Contact time (b) pH of the CV 

adsorption onto ACPH 

 

3.4 Adsorption Kinetics  

(a) The pseudo first-order equation 

The pseudo first-order equation is generally expressed as 

follows [32]: 
   

  
                                        (3)  

Where qe and qt are the adsorption capacity at equilibrium 

and at time t, respectively (mg·g
-1

), k1 is the rate constant of 

pseudo first-order adsorption (l·min
-1

). After integration 

and applying boundary conditions t = 0 to t = t and qt = 0 to 

qt = qt, the integrated form becomes: 

log(       = log (   ) - 
  

      
t  (4) 

The values of log (qe – qt) were linearly correlated with t 

which gave a linear relationship from which k1 and qe was 

determined from the slope and intercept of the plot 

respectively (Fig. 6a). 

 

(b) The pseudo second-order equation 

The pseudo second-order adsorption kinetic rate equation 

is expressed as   
   

  
 =          

2
    (5) 

k2 is the rate constant of pseudo second-order adsorption 

(g·mg
-1

·min
-1

). For the boundary conditions t = 0 to t = t 

and qt = 0 to qt = qt, the Integrated form of Eq. (5) becomes: 
 

       
 = 

 

  
 + kt         (6) 

This is the integrated rate law for a pseudo second-order 

reaction. 

The equation can be rearranged to obtain Eq. (7), which 

has a linear form: 

 

  
 = 

 

 
    

 
 + 

 

  
                                                          

If the initial adsorption rate, h (mg·g
-1

·min
-1

) is; 

h =     
             (8) 

Then eqn (7) becomes 

( 
 

  
) = 

 

 
 +

 

  
(t)                                    (9) 

The plot of (t/qt) versus t gave a linear relationship from 

which qe and k1were determined from the slope and 

intercept of the plot respectively (Fig. 6b). 

 

(c) Elovich Equation 

The Elovich kinetic model is described by the following 

relation [33]: 

qt= 1/β ln (αβ) + (1/β) ln t    (10) 

This model gives useful information on the extent of both 

surface activity and activation energy for adsorption 

process. The parameters (α) and (β) was calculated from 

the slope and intercept of the linear plot of qt versus ln(t) 

(Fig. 6c). 

 

(d) Intraparticle Diffusion Equation 

       The slowest step in an adsorption process is usually 

taken as the rate determining step. This step is often 

attributed to pore and intra particle diffusion. Since pseudo 

first and pseudo second order models cannot provide 

information on effect of intra particle diffusion in 

adsorption, intra particle diffusion model can be used. 

Possibility of involvement of intra particle diffusion model 

as the sole mechanism was investigated according to 

Weber–Moris equation [34]: 

qe= C + kintt1/2     (11) 

Where the constant kint(mg/g min
0.5

) is the intra particle 

diffusion rate and C is the boundary layer thickness. If the 

rate-limiting step is only due to the intra particle diffusion, 

then qt versus t1/2 will be linear and the plot passes through 

the origin (Fig. 6d). 

 

Table 3. Parameters of the kinetic models for the 

adsorption of CR onto AC-CPH 

Kinetic models Parameters Values 

Pseudo-first order qeExp(mg/g) 

qeCal(mg/g) 

K1(min
-s
) 

R
2
 

24.316 

11.962 

0.037 

0.850 

Pseudo-second order qeExp(mg/g) 

qeCal(mg/g) 

K2(min
-s
) 

R
2
 

24.316 

25.908 

0.005 

0.994 

 B 0.298 

Elovich A 0.124 

 R
2
 0.847 

Intra particle diffusion K3 1.060 

 C 

R
2
 

13.705 

0.841 

 

      Table 3 shows kinetic models for the adsorption of CR 

onto the adsorbent. The pseudo-second-order kinetic model 

fits the experimental data quite well; the correlation 
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coefficients values, R
2
, up to almost unity, and the 

experimental and theoretical uptakes are in good 

agreement. This indicates the applicability of the second-

order kinetic model to describe the adsorption process of 

CR onto the adsorbent.

 

 

 

 
Fig. 6. (a) pseudo-first order (b) pseudo-second order (c) 

Elovich linear (d) Intra particle diffusion plot for 

adsorption of CR onto AC-CPH 

 

3.5 Adsorption Isotherm 

      Adsorption isotherms provide helpful information to 

identify the uptake mechanism and characteristics of the 

adsorbent surface for the design of sorption systems [35-

36]. Three adsorption isotherm models; Langmuir, 

Freundlich and Temkin were applied to fit the experimental 

data for the removal of CR dye by CPH. 

 

(a) Langmuir isotherm  

Langmuir theory assumes that adsorbent has a limited 

adsorption capacity (qmax) and adsorbate forms a 

monolayer on the adsorbent surface where active sites are 

identical and there are absences of interaction between the 

adsorbed molecules [37]. 

Langmuir isotherm is given by the following equation:  

   
      

      
   (12)  

Where: 

 Ce = the equilibrium concentration of adsorbate (mg/L) 

qe = the amount of dye adsorbed per gram of the adsorbent 

at equilibrium (mg/g).  

Qo = maximum monolayer coverage capacity (mg/g) 

 KL = Langmuir isotherm constant (L/mg). 

The values of qmax and KL were computed from the slope 

and intercept of the Langmuir plot of 
 

  
 versus 

 

    
. 

 

(b) Freundlich isotherm  

Freundlich model [38], is applied in the case of multilayer 

adsorption. However, this model assumes the existence of 

interactions between adsorbed molecules. Freundlich 

isotherm model can be defined by the following equation:  

       
1/n 

 (13)  

qe(mg/g) is the adsorbed amount at equilibrium, Ce (mg/L) 

is the concentration of the adsorbate in the solution at 

equilibrium, kf is the Freundlich constant, n is the 

adsorption intensity.  

Its linear form is given by the following equation:  

Log         
 

 
      (14)  

 

(c) Temkin isotherm  

Temkin's model is based on the hypothesis that the heat of 

adsorption due to interactions with the adsorbate decreases 

linearly with the recovery rate. 

Temkin equation is given by the following expression:  

         + Bln     (15)  

Where; 

AT =Temkin isotherm equilibrium binding constant (L/g), 

bT = Temkin isotherm constant, R= universal gas constant 

(8.314J/mol/K), T= Temperature at 298K and B = Constant 

related to heat of adsorption (J/mol). 

 

 
 

y = -0.0164x + 1.0778 
R² = 0.8504 

-1.5

-1

-0.5

0

0.5

1

1.5

0 50 100 150

Lo
g(

q
e-

q
t)

 

t(mins) 

y = 0.0386x + 0.2973 
R² = 0.9943 

0

1

2

3

4

5

6

0 50 100 150

t/
q

t 

t(mins) 

y = 3.3851x + 8.5442 
R² = 0.8465 

0

5

10

15

20

25

30

0 2 4 6

q
t 

ln t 

y = 1.0602x + 13.705 
R² = 0.8413 

0

5

10

15

20

25

30

0 5 10 15

q
t 

t1/2 

y = 0.0898x + 0.0038 
R² = 0.9997 

0

0.01

0.02

0.03

0.04

0.05

0 0.1 0.2 0.3 0.4 0.5

1
/Q

E 

1/Ce 



Ayuba, A. M  et al / Algerian Journal of Chemical Engineering 02 (2021) 66–75                                                                                72 

 

 
 

 
 

Fig. 6. (a) Langmuir (b) Freunlich (c) Temkin adsorption 

isotherm of CR onto AC-CPH 

 

      The Langmuir, Freundlich and Temkin isotherm 

constants are presented in Table 4. From Table 4, it can be 

observed that the regression correlation coefficient (R
2
) of 

the Langmuir equation (R
2
 = 0.999) is higher when 

compared with that of the Freundlich equation (R
2
 = 0.909) 

and the Temkin equation (R
2
 = 0.961), implying that the 

adsorption isotherm data are well fitted by the Langmuir 

isotherm. The fact that the Langmuir isotherm fits the 

experimental data very well may be due to the 

homogeneous distribution of active sites on the ACPH 

surface because application of the Langmuir equation 

involves the assumption that the surface is homogeneous.  

 

Table 4. Isotherm Constant for the adsorption of CR onto 

Activated Cowpea husk  

 

Langmuir 

Qmax KL(L/mg) R
2
  

263.16 0.999 0.999  

Freundlich 

1/n N Kf R
2
 

1.969 0.508 23.38 0.909 

Temkin 

A B R
2
  

0.787 45.96 0.961  

 

3.6 Thermodynamics  

Thermodynamic parameters of adsorption were determined 

from the experimental results obtained at different 

temperatures using the following equations:  

ΔG =ΔH − TΔS    (16)  

Where T(K) is solution temperature  

Kd = qe/Ce   (17)  

Where Kd is the distribution coefficient, qe (mg/g) is the 

adsorption capacity at equilibrium, Ce(mg/L) is the 

solution concentration at equilibrium.  

The standard enthalpy ΔH and entropy ΔS were determined 

from the following equation of Van't Hoff:  

lnkd = -∆G/RT = −(∆H/RT) + (∆S/R)     (18)  

Where R is the universal gas constant.  

ΔH and ΔS were obtained from the slope and the intercept 

of the plot of ln(Kd) as a function of 1/T respectively. 

Thermodynamic parameters obtained are summarized in 

Table 5. The values of Gibbs free energy (ΔG) of 

adsorption of CR adsorption on ACPH were found to be 

negative corresponding to a spontaneous process [39]. The 

positive value of ΔH confirms that adsorption phenomenon 

of CR on ACPH is endothermic. The negative value of ΔS 

indicates that the order of distribution of the dye molecules 

on the adsorbent is high compared to that in the solution. 

This also suggests the probability of a thermodynamically 

favourable adsorption [40]. 

 

Fig 7. Van`t Hoff plot for adsorption of CR onto AC-CPH 

 

Table 5. Thermodynamics Parameter of CR Adsorption on 

Activated Cowpea Husk 

T 

(K) 

Qe 

(mg/g) 

∆G 

(kJ/mol) 

∆H 

(kJ/mol) 

∆S 

(J/mol.K) 

303 41.096 -3852.78 286.34 -0.0053 

313 45.533 -6041.72   

323 47.495 -7902.12   

333 45.095 -6141.78   

 

3.7 Comparison with other studies 

      Table 6 illustrates the comparison of adsorption 

capacities of CR by various adsorbents. As observed, the 

maximum monolayer uptake capacity (Qm, mg/g) of 

ACPH was above the other types of sorbents. Thus, this 

adsorbent can be considered as an effective option for the 

removal of CR from aqueous media. 

 

Table 6. Comparison of the maximum sorption capacity of 

ACPH with other adsorbents for adsorption of Congo red. 

Adsorbent  Qmax 

(mg/g) 

Reference 

Eichhornia 1.58 [41] 

Activated carbon  

(Laboratory grade) 

1.88 [42] 

Cashew nutshell 5.18 [43] 

Bagasse fly Ash 11.89 [44] 

y = 0.5077x + 1.3688 
R² = 0.9096 
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Montmorillonite 12.70 [45] 

Cattail root 38.79 [46] 

Neem leaf powder 41.20 [47] 

Raw Cowpea husk powder 161.29 [24-48] 

Activated Cowpea husk powder 263.16 This study 

 

4. Conclusion 

 

      The search for an alternative low-cost and 

environmentally friendly adsorbent, suitable for the 

removal of toxic dyes from contaminated wastewater 

provided the impetus for this research work. Activated 

Cowpea husk (ACPH) was used for the adsorption of 

Congo Red dye under different experimental conditions. 

The adsorption efficiency was prominently affected on 

changing the experimental conditions. Comparative 

adsorption studies showed that maximum adsorption of 

Congo Red dye at pH1.5 on the surface of ACPH was 

investigated as 24.26mg/g. This shows that ACPH has a 

great adsorption efficiency for Congo red dye due to its 

surface polarity and greater number of active sites. 

Thermodynamic studies revealed that the adsorption 

process is spontaneous. The negative value of ΔS (-

0.0053J/mol. K) infer that the randomness decreases at the 

adsorbent/adsorbate interface during the adsorption 

process. The kinetics studies indicated that the adsorption 

of Congo Red dye on this adsorbent follow pseudo-second 

order model better than pseudo-first order model with a 

correlation coefficient, R
2 

(0.994) almost up to unity. The 

equilibrium data for the adsorption of dye on this adsorbent 

was tested with various adsorption isotherms such as 

Langmuir, Freundlich, and Temkin models. However, the 

data fits the Langmuir which indicates that it possesses 

heterogeneous surface with non-uniform adsorption sites 

and multilayer formation.  
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