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Water pollution caused by synthetic dyes, like methylene blue, is a threat 
to the existence of biogenic components of the environment. This study 
explores the use of raw cow dung (RCD) and treated (acid treatment) 
cow dung (TCD) as effective sorbents to remove methylene blue (MB) 
from wastewater. The optimal conditions for MB removal of 58.3% (RCD) 
and 86.6% (TCD) were determined as 300 mg/L initial dye concentration, 
120 min for RCD, and 100 min for TCD contact time, 50 °C temperature, 
and pH 5.0. Maximum adsorption capacity of 47.8 mg/g and 64.26 mg/g 
were determined for RCD and TCD, respectively. Thermodynamic 
parameter of enthalpy change (ΔH° = 9.32 kJ/mol for RCD and 6.40 
kJ/mol for TCD) indicated an endothermic process. Fourier transform 
infrared spectroscopy (FT-IR) identified functional groups, such as OH, -
NH₂, C=O, and C-O, as being responsible for the uptake of the dye 
molecules. The study confirms that activated cow dung is a sustainable, 
cost-effective alternative to conventional adsorbents like activated 
carbon for dye removal. 
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INTRODUCTION 
 

The disposal of effluents containing dye into aquatic systems presents significant 

issues as the presence of contaminants, like dye, in the environment has a negative impact 

on ecosystem and human health. Industries, like textiles, paper, leather, plastics, and 

cosmetics, are significant contributors to water pollution and release high amounts of 

synthetic dyes into the water system (Métivier-Pignon et al. 2003; Rafatullah et al. 2010; 

Iwuozor et al. 2022). Around 700,000 tons of various commercial dyes are manufactured 

each year, and a large portion of it accumulates in the wastewater (Dawood et al. 2017; 

Ahmad et al. 2020). In addition to creating aesthetic problems, these dyes release 

pollutants harmful to human health and aquatic organisms. These dyes pose not just 

aesthetic issues, but also hazardous materials that threaten aquatic life and human health. 

https://www.bing.com/ck/a?!&&p=dbd52fb303c36a89c4199beab34c680f72c839745ceccf69ac89510792d0251fJmltdHM9MTc0MzYzODQwMA&ptn=3&ver=2&hsh=4&fclid=17b9e943-b8fc-6fb9-100c-fcd2b9df6ee6&psq=Badeji+AA.+chemistry+department,+TASUED&u=a1aHR0cHM6Ly9zY2hvbGFyLmdvb2dsZS5jb20vY2l0YXRpb25zP3VzZXI9cUVaM1piQUFBQUFKJmhsPWVu&ntb=1
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Methylene blue is a common synthetic dye often used in various industries, such as 

papermaking, textiles, and healthcare (Ofudje et al. 2024). It is a cationic dye, which 

includes linked aromatic rings and a dimethyl amino group that makes it structurally 

stable (Shahryari et al. 2010). Although MB has many uses, it is also a recognized 

carcinogen that, when ingested or inhaled, can result in major health issues like skin 

irritation, respiratory issues, and gastrointestinal distress (Dawood et al. 2017). 

Additionally, MB disrupts photosynthesis in aquatic environments by obstructing 

sunlight penetration and preventing water body reoxygenation (Oveisi et al. 2018).  

Therefore, MB removal from wastewater is crucial for environmental and public 

health protection. Numerous methods, including coagulation-flocculation, advanced 

oxidation, and membrane filtration processes, have been studied for dye removal; 

however, their use is restricted because of their high operating costs, the creation of toxic 

sludge, and their inability to remove all of the dye (Bielska and Szymanowski 2006; 

Geed et al. 2019; Tsai et al. 2019; Mashkoor and Nasar 2020; Santoso et al. 2020, 

Sonwani et al. 2020). Furthermore, the presence of stable aromatic structures that hinder 

biodegradation and are resistant to light and oxidative chemicals makes it more difficult 

to remove many synthetic dyes from wastewater using traditional water treatment 

methods (Shokoohi et al. 2010; Faraji et al. 2015; Ahmad et al. 2020). Given these 

problems, it is essential to find cost-effective, environmentally responsible, and efficient 

wastewater treatment alternatives to traditional methods. 

Particularly for industries dealing with dye and heavy metal removal, adsorption 

is a preferred option due to its effectiveness, affordability, and environmental 

friendliness. It can remove a variety of contaminants with little to no secondary pollution 

(Ahmad et al. 2015; Crini and Lichtfouse 2019). Commercial adsorbents, such as 

zeolites, activated carbon, or modified biochar, can be expensive to develop and, as a 

result, frequently restrict the operation of adsorption, despite their benefits (Ahmad et al. 

2015; Crini and Lichtfouse, 2019). To overcome this challenge, researchers concentrate 

on using inexpensive biosorbents derived from microbes, animals, and agricultural wastes 

as a practical method of eliminating colors from aqueous solutions. 

Cow dung is a common and easily accessible biomass in rural regions that has 

attracted attention due to its potential for biosorption. Dung from cows is a desirable 

biosorbent for wastewater treatment because of its organic matter, cellulose, lignin, 

proteins, and microbial populations, which offer active sites for pollutant binding (El-

Rayyes et al. 2025). Cow dung has been shown in numerous studies to be an excellent 

way to remove a variety of contaminants, like organic compounds and heavy metals 

(Qian et al. 2008, 2009; El-Rayyes et al. 2025). Because both untreated and treated cow 

dung have demonstrated potential as biosorbents, it is crucial to assess their capacity for 

adsorption and how they interact with various pollutants (Zhu et al. 2018; Iwuozor et al. 

2022). Several functional groups, including carboxyl, amine, hydroxyl, and carbonyl 

components, aid in the uptake of contaminants from wastewater (Zhu et al. 2020; Chen et 

al. 2022). Cow dung is increasing due to Nigeria's increased cow output, and it would be 

ideal to turn it into a useful product, such as an adsorbent for the treatment of wastewater. 

The structural integrity and aqueous stability of bio-based adsorbents, such as cow 

dung-derived materials, are critical considerations for their practical application in water 

treatment. While cow dung has been reported as a low-cost and effective adsorbent due to 
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its fibrous structure and high organic content, concerns remain regarding its potential 

dissolution, microbial degradation, or release of particulate matter when exposed to water 

for extended periods. Previous studies have shown that untreated or minimally processed 

organic waste materials may exhibit some degree of leaching or fragmentation. To 

mitigate this, various pre-treatment methods such as drying, chemical activation, or 

pyrolysis have been employed to enhance the mechanical stability and reusability of such 

materials. For example, treating cow dung biochar with phosphoric acid has been shown 

to enhance its porosity and adsorption efficiency, which in turn improves its structural 

stability in aqueous environments (Huating et al. 2024). Likewise, research has shown 

that chemical modification and thermal activation of cow dung ash significantly enhance 

its structural integrity and adsorption effectiveness (Ojeme et al. 2019). These findings 

suggest that appropriate treatment of cow dung-based adsorbents can address concerns 

related to their stability and potential leaching in water treatment applications. 

This work’s objective was to evaluate the effectiveness of acid-activated cow 

dung in eliminating artificial MG from watery solutions. This study aims to demonstrate 

cow dung's potential as an environmentally friendly and economical adsorbent for 

wastewater treatment by examining important variables like MG concentration, 

temperature, contact time, and pH. In the end, the results benefit public health and the 

environment by helping to design sustainable ways for handling wastewater contaminated 

with dyes. 

 
 
EXPERIMENTAL 
 
Materials 
Reagents 

All of the analytical-grade reagents used came from Sigma-Aldrich in India. For 

this investigation, methylene blue (CH16H18N3SCl.XH2O), molecular weight of 319.86 

g/mol, and a λmax of 665 nm, was used. A 1000 ppm dye stock solution was created, and 

using serial dilution, solutions with different concentrations were generated from the 

stock solution. 

 
Preparation and characterization 

The animal waste was gathered at a cow market in Ibadan, Oyo State, Nigeria. 

The collected cow dung was sun-dried for seven days to get rid of the odor and stop 

maggot activity. The cow dung was then oven-dried at 80 °C for 3 h to eliminate any last 

traces of moisture. It was crushed into a powder with a mortar and pestle, sieved, and 

stored in a tightly sealed bottle before use. The cow manure was further activated by acid. 

The totally dried adsorbent was activated by Odoemelam et al. (2011) using the acid-

activation and base-activation processes. A total of 50 g of the biosorbent was allowed to 

soak in a 1 M HCl solution for 12 h at 25 °C. After filtering the mixture, the material was 

dried on the bench, and to further remove the moisture, it was placed in an oven at 100 

°C for 2 h.  

The functional groups were measured in the range of 650 to 4000 cm-1 with FT-IR 

(Fourier transform infrared spectroscopy; model 84005; Shimadzu, Japan) with an 
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operational resolution of 2.0 cm-1. The KBr approach was used. A scanning electron 

microscope was utilized to investigate the morphology of the cow dung (SEM, EVO-18, 

Zeiss, Germany). After being vacuum-dried, the samples were placed on double-sided 

tape, spray-coated with gold, and viewed at 5000x magnification. 

 

Batch Adsorption Studies 
In this test, 100 mL of aqueous MB solution with varying weights of cow dung 

and a pH of 2 to 6 and a known concentration (50 to 300 mg/L) were utilized in six 250-

mL Erlenmeyer flasks. Until an equilibrium condition was achieved, a water bath with a 

shaker was utilized. The appropriate amount of biosorbent was added to each flask, and 

samples were taken at specific times throughout the incubation period. Each sample's 

suspension was shaken, centrifuged at 4000 rpm, filtered, and MB concentration was 

measured at 650 nm wavelength using a UV-visible spectrophotometer (Jenway 7325 

model, Jenway, Cole-Parmer Ltd., UK) at predetermined intervals to assess the MB dye's 

adsorption capacity. 

The formula in Eqs. 1 and 2 below was used to determine the amount of MB 

sorbed at equilibrium and the percentage removal under equilibrium conditions,  

i

ei

C

CC
DR

−
=%                    (1) 

  
W

V
CCq eie −=                     (2)  

where %DR is an acronym for percentage dye removal; Ci and Ce represent dye 

concentrations prior to and following biosorption in mg/L, respectively; W represents the 

sorbents' mass in g, and V represents the volume of MB in L; qe depicts MB amount 

sorbed at equilibrium in mg/g. 

 
Kinetics and Isotherms Evaluation 

Table 1 below provides specifics regarding the kinetics models and isotherms 

utilized in this investigation:  
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Table 1. Kinetics Models and Isotherms  

Models Equations Parameters References 

Pseudo-first- 
order t

k
qqq ete 303.2

log)log( 1−=−
    (3) 

qt denotes adsorption 
capacity at time t (mg/g), 
t is time (min), while the 
rate constant is depicted 

as k1 (min−1) 

Akpomie et al. 
(2019); Chauhan 

et al. (2023) 

Pseudo-
second- order 

e
t

t q
tq

kq
t +=

2

1

        (4) 

k2 stands for the second 
order rate constant 

(g/mg·min) 

Chauhan et al. 
(2023) 

Intraparticle 
Diffusion 

Model (IDM) 

iPt CtkQ += 2
1

                 (5) 

kp denotes rate constant 
for IDM (mg/g/min1/2), 
and Ci stands for the 

thickness of the 
boundary layer 

El-Rayyes et al. 
(2025) 

Langmuir 

m

e

me

e

q
C

bqq
C

+= 1

      (6)

 
Maximum adsorption 

capacity given as Qmax 
(mg/g), and b is the 

Langmuir constant in 
L/mg 

Ogundiran et al. 
(2022); El-Rayyes 

et al. (2025) 

Separation 
factor (RL) )1(

1
o

L bC
R

+
=

               (7) 

b as defined above Ofudje et al. 
(2023) 

Freundlich 
eFe C

n
InKInq 1+=

         (8)
 

KF (mg/g) is the constant 
of Freundlich and n is 

the adsorption intensity 
parameter 

Ogundiran et al. 
(2022); El-Rayyes 

et al. (2025) 

 

 

The root mean square error is given as (Ho and McKay, 1999): 

N

QQ

RMSE

N

i

cal −

=

2

)((exp) )(

                            
    

(9) 

where N stands for data point. 
 

 
RESULTS AND DISCUSSION 
 
Cow Dung Characterization 

Figure 1 depicts the main functional groups available in the treated cow dung 

(TDC) both before and after the uptake of MG. It was shown to include several functional 

groups that are essential for MB adsorption. The discovery of notable peaks at 3470 to 

3655 cm-1, 1765 cm-1, and 1125 to 1095 cm-1 that correlated with the -OH, -NH2, C=O, 

and C-O groups suggests that cow dung may interact with dye molecules, particularly 

methylene blue (Ahmed et al. 2020; Chen et al. 2022). These groups are essential to 

MB's binding to the adsorbent, as evidenced by changes in the absorption bands with 

shifts in peak positions in the spectrum analysis that followed the adsorption process. At 

3498 to 3662 cm-1, 1770 cm-1, and 1136 to 1090 cm-1, new peaks were discovered that 
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corresponded to the -OH, -NH2, C=O, and C-O groups. The like NH2, O-H, C=N, C-O, 

and Si-O-Si, including C=C groups, showed a little shift after adsorption indicating their 

role in the adsorption process (Ahmed et al. 2020).  

 
 
Fig. 1. FT-IR spectrum of cow dung before and after adsorption of methylene blue dye 

 

Element

Symbol

Atomic

Conc.

Weight

Conc.

C 55.22 49.15

O 30.24 41.22

Si 10.61 6.75

N 3.5 2.11

K 0.27 0.33

Al 0.04 0.28

P 0.02 0.16

     
Fig. 2. SEM pictures that depict the appearance of TCD before (a), after (b) MB adsorption and 
(c) elemental composition of TCD. 
 

A high surface area is indicated by the image's highly porous and fibrous structure 

for the TCD prior to adsorption (Fig. 2a). The uneven voids and rough roughness point to 

a high potential for adsorption. The surface of TCD becomes less rough and more 

uniform following adsorption, suggesting that the deposited MB molecules have probably 
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covered the surface (Fig. 2b). The less obvious porosity character raises the possibility 

that the sites of adsorption were occupied. According to the general morphology, the 

surface has been covered by MB molecules, which has decreased the surface's roughness 

and accessible pores. The Energy Dispersive X-ray Spectroscopy (EDS) analysis of raw 

cow dung (Fig. 2c) reveals a composition dominated by organic elements, primarily 

carbon (C) and oxygen (O). Carbon constitutes 55.22% of the atomic concentration and 

49.15% by weight, while oxygen accounts for 30.24% atomic and 41.22% weight. These 

high values indicate that raw cow dung is rich in organic matter, which is expected given 

its origin as a natural biological waste product. The presence of nitrogen (N) at 3.5% 

atomic concentration and 2.11% by weight further supports this, as nitrogen is a key 

component of proteins, urea, and other organic nitrogenous compounds commonly found 

in animal waste. Silicon (Si) is the most significant inorganic element identified, present 

at 10.61% atomic concentration and 6.75% by weight. This likely originates from the 

fibrous plant material in the cow's diet, such as grass. Trace elements such as potassium 

(K), aluminum (Al), and phosphorus (P) are also present in small amounts.  

 

 
Studies of Batch Experiments 

At a pH of 5.0, RCD and TCD both showed optimal dye removal rates of 76.3% 

and 86.8%, respectively (Fig. 3). The ionization of the pigment molecules and the 

adsorbent's surface charge are responsible for this phenomena. The pH at which the 

surface of an adsorbent has a neutral charge is known as the point of zero charge 

(pHpzc), and it is a crucial adsorption characteristic. The pHpzc values for treated cow 

dung (TCD) and raw cow dung (RCD) are 4.53 and 4.16, respectively. This indicates that 

the adsorbent interface is positive at pH values lower than pHpzc, which causes 

electrostatic repulsion with cationic contaminants like MB (Ofudje et al. 2024; El-Rayyes 

et al. 2025). In contrast, the surface develops a negative charge for pH values higher than 

pHpzc, which improves adsorption by attracting MB molecules electrostatically. Because 

MB is a cationic dye, its adsorption works best when the substance being absorbed is 

negatively charged, which happens at pH > pHpzc. Because RCD's pHpzc is 4.16 and 

TCD's is 4.53, MB adsorption should work better at pH values higher than 5. 

Furthermore, TCD typically shows a greater potential for adsorption than RCD, most 

likely as a result of alterations that improve its functional groups, surface area, and 

porosity.  

The cow dung surface and the MB cationic molecules interact electrostatically to 

drive the adsorption process. At higher pH values, positively charged particles in an 

aqueous MB dye solution facilitate adsorption onto negatively charged surfaces, whereas 

at lower pH values, the process is impeded (Ofudje et al. 2024). Oyebola et al. (2025) 

state that while the surface of the adsorbent is positive under low pH (acidic) conditions, 

resulting in electrostatic repulsion with the positively charged pollutant, more active sites 

on the surface of the untreated adsorbent become available as the pH rises from 2 to 5, 

improving its binding ability. This repulsion, however, lessens or even becomes attractive 

when the pH rises, allowing for more adsorption. 
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Fig. 3. pH role on the sorption of MB by RCD and TCD 

 

Figures 4 and 5 show that the best time dye removal for RCD and TCD, 

respectively, was achieved after 120 and 100 min of contact. In the early stages, dye 

uptake increased sharply because of the availability of numerous sorption sites on the 

sorbent surface. However, as the system approached equilibrium, adsorption rates 

decreased, indicating that the sites that were accessible were saturated (Ahmed et al. 

2020; El-Rayyes et al. 2025).  

The amount of dye adsorbed increased as dye concentrations increased, declining 

at 300 mg/L, according to an evaluation of adsorption capacity in relation to MB 

concentration (Figs. 4 and 5). The amount sorbed surged from 19.5 mg/g to 58.5 mg/g for 

RCD in addition to 22.9 to 83.2 g for TCD as the concentration rose from 50 to 300 

mg/L. According to the observed trend, more MB molecules can occupy available 

adsorption sites when the mass transfer driving power is increased by greater starting 

concentrations. There exists a relationship between MB concentration and the amount of 

MG sorbed because adsorption can flourish when the dye concentration increases as it 

removes all mass transfer barriers between the aqueous and solid phases (Ogundiran et al. 

2022).  
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Fig. 4. Concentration of MB and contact time impacts on the sorption capacity of RCD 

 

 
 
Fig. 5. Concentration of MB and contact time impacts on the sorption capacity of TCD 
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Figure 6 illustrates the percentage of elimination of MB as a function of sorbent 

dose. With an optimal removal effectiveness of 75.3% and 80.5% for RCD and TCD, 

respectively, at 0.5 g of adsorbent dosage, it was discovered that MB removal increased 

initially as cow dung dose increased. Once the dosage of 0.5 g was reached, however, the 

amount of MG removed from the solution did not increase, indicating that the adsorbent 

had reached its optimum level for dye adsorption. Similar to studies in the literature, this 

could be the result of the dye molecules accumulating or aggregating on the various 

adsorption sites, which would reduce the surface area and adsorption efficiency (Shukla 

et al. 2000; Ogundiran et al. 2022).  

 
 

Fig. 6. Plot of adsorbent dosage on the removal of MB by RCD and TCD 

 

Because the maximum rate of removal of 74.5% and 83.4% were observed at 50 

°C for both RCD and TCD, respectively, Fig. 7 illustrates how temperature influences the 

efficacy of MB removal. According to this temperature relationship, the dye molecules' 

kinetic energy increases with temperature, making it simpler for them to interact with the 

acidified cow dung adsorbent. However, around 50 °C, the adsorption capacity 

decreased, most likely because the bindings between the dye and the adsorbent broke or 

the adsorbed molecules desorbated from the pores, which reduced the attractive forces 

between the two substances (Oyebola et al. 2025). 
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Fig. 7. Plots of removal efficiency against temperature by RCD and TCD 

 
Kinetics and Isotherms Studies 

Kinetic modeling of the adsorption data was done using pseudo-first-order, 

pseudo-second-order, and intraparticle diffusion kinetics models, the plots of which are 

displayed in Figs. 8 to 10. The parameters for these fits are listed in Tables 1 and 2. The 

RCD shows a reasonably excellent model fit in terms of first-order kinetics (R2 values are 

typically above 0.9), and the predicted Qe values are consistently near the experimental 

findings. The first-order rate constant (k1) for TCD, on the other hand, is lower (varying 

from 0.019 to 0.028 min−1), and although the model fit is respectable (R2 = 0.96 to 0.99), 

the larger percentage SSE values show that this model does not reflect adsorption in 

TCD. However, with R2 values near 0.997, the second-order kinetic model offers a far 

better fit for TCD, across all MB concentrations. The RCD, on the other hand, has more 

variable R2 values (ranging from 0.587 to 0.985). Furthermore, TCD consistently has a 

higher second-order rate constant (k2), indicating that this model is dominating. This 

model's reduced TCD percentage SSE values further support its applicability in 

explaining the adsorption process. 

 Additionally, the intraparticle diffusion model fits both RCD and TCD well (R2 > 

0.99), suggesting that pore diffusion is important for MB adsorption. Faster diffusion in 

TCD is indicated by the notably larger intraparticle diffusion rate constant (Kp) for TCD, 

particularly at higher MB concentrations. Furthermore, TCD regularly has bigger 

intercept (Ci) values, indicating a stronger boundary layer impact and the significant role 

of surface adsorption. At all MB concentrations, TCD shows a substantially greater 

adsorption capacity than RCD. The second-order kinetic model best describes the 

adsorption process for TCD, but the first-order model worked better for RCD. The 

enhanced boundary layer effect in TCD implies that surface adsorption is also a crucial 

component, even if intraparticle diffusion is a significant mechanism for both adsorbents. 
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While the pseudo-second-order model provided the best statistical fit for TCD, this does 

not necessarily imply a chemisorption mechanism in isolation, however, with the 

information gathered from the intraparticle diffusion model, there is a likelihood that the 

overall adsorption process is diffusion-controlled, particularly into a network of fine 

pores; a mechanism consistent with the structure of biomass-based adsorbents like 

sorghum husks ( Hubbe et al., 2019). 

 

 
Fig. 8. Pseudo-first-order plot for the adsorption of MB by RCD and TCD 
 

 
 
Fig. 9. Pseudo-second-order plot for the adsorption of MB by RCD and TCD 
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Fig. 10. Intraparticle diffusion model plot for the adsorption of MB by RCD and TCD 
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Table 1. Kinetics Constants for the Sorption of MB by RCD  

  First Order Second Order Intra Particle Diffusion 

Co 
(mg/L) 

Qe(exp) 

(mg g-1) 

Qe cal 

(mg g-1) 
k1 

(min-1) 
R2 % 

SSE 
Qe cal 

(mg g-1) 
k2 (g 
mg-1 
min-1) R2 

% SSE Kp 

(mg g-1 
min-0.5) 

C1 (mg 
g-1) 

R2 

50 19.5 20.12 0.115 0.987 0.010 24.31 0.062 0.587 0.074 1.819 0.175 0.991 

100 23.500 21.34 0.135 0.924 0.028 37.26 0.027 0.985 0.177 3.934 0.398 0.994 

150 36.400 38.22 0.183 0.992 0.015 42.35 0.331 0.967 0.049 6.189 0.860 0.989 

200 43.200 45.79 0.225 0.912 0.018 51.22 0.338 0.674 0.056 7.096 1.222 0.994 

250 52.100 54.65 0.271 0.943 0.015 60.98 0.447 0.884 0.051 8.931 1.552 0.995 

300 68.500 67.02 0.298 0.078 0.007 75.600 0.632 0.854 0.031 11.091 1.704 0.993 

 
Table 2. Kinetics Constants for the Sorption of MB by TCD 

  First Order Second Order Intra Particle Diffusion 

Co 
(mg/L) 

Qe(exp) 

(mg g-1) 

Qe cal 

(mg g-1) 
k1 

(min-

1) 

R2 % 
SSE 

Qe cal 

(mg g-1) 
k2 (g 
mg-1 
min-1) R2 

% SSE Kp 

(mg g-1 
min-0.5) 

C1 (mg 
g-1) 

R2 

50 22.980 33.21 0.028 0.978 0.134 23.434 0.017 0.997 0.006 1.636 1.775 2.022 

100 34.120 46.094 0.020 0.966 0.106 48.003 0.0634 0.996 0.123 1.784 3.522 2.176 

150 42.330 55.565 0.023 0.984 0.094 43.924 0.262 0.993 0.011 3.442 5.871 4.674 

200 50.600 64.759 0.027 0.978 0.084 51.258 0.056 0.997 0.004 5.861 7.249 9.295 

250 62.300 72.596 0.022 0.996 0.050 61.304 0.160 0.970 0.005 5.765 9.356 8.478 

300 83.200 89.983 0.019 0.991 0.025 82.593 0.286 0.995 0.002 5.813 12.430 6.595 
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The data plots for the isotherm are presented in Figs. 11 and 12, and Table 3 

describes the computed parameters. The TCD has a greater maximum adsorption capacity 

(Qmax) than RCD (47.8 mg/g) in the Langmuir isotherm analysis, which is based on the 

assumption of a homogeneous surface. According to Oyebola et al. (2025), this implies 

that treatment increases adsorption capacity, most likely by improving surface 

characteristics or expanding the number of accessible binding sites. After treatment, MB 

adsorption is more effective because the separation factor (RL) for TCD (0.26) is lower 

than that of RCD (0.72). The lower value for TCD indicates a stronger adsorption affinity 

because 0 < RL < 1 indicates favorable adsorption (Ogundiran et al. 2022). The 

Langmuir model's correlation coefficient (R2) is greater for RCD (0.978) than for TCD 

(0.885), indicating that MB adsorption onto RCD more closely resembles the Langmuir 

model. 

 Important information is also provided by the Freundlich isotherm, which 

characterizes adsorption on a heterogeneous surface. Further demonstrating the enhanced 

adsorption effectiveness of treated cow dung, the Freundlich constant (KF), which 

measures adsorption capacity, is higher for TCD (36.82 mg/g)(mg/L)−1/2) than for RCD 

(29.04 mg/g)(mg/L)−1/2). The TCD has a higher adsorption affinity and more variety in 

binding sites, as indicated by the lower value of 1/n, which represents adsorption 

intensity, compared to RCD (0.470). Increased pores from the therapy procedure could be 

the cause of this. Furthermore, MB adsorption onto TCD more closely resembles the 

Freundlich model, as indicated by the correlation coefficient for the Freundlich model 

being greater for TCD (0.998) than for RCD (0.635). This implies that whereas RCD 

adheres to a more homogeneous adsorption pattern as defined by the Langmuir model, 

adsorption onto TCD takes place on a heterogeneous surface. The results of earlier 

research by Ogundiran et al. (2022) and Oyebola et al. (2025) corroborate the findings.  

 

 
 

Fig. 11. Langmuir isotherm model for the uptake of MB by RCD and TCD 
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Fig. 12. Freundlich isotherm model for the uptake of MB by RCD and TCD 
 

Table 3. Isotherm Constant for MB Sorption Using RCD and TCD 

 Parameters RCD TCD 

Langmuir 

Qmax (mg/g) 47.8 64.25 

RL 0.72 0.26 

R2 0.978 0.885 

Freundlich 

KF (mg/g)(mg/L)-1/2 29.04 36.82 

1/n 0.740 0.470 

R2 0.635 0.998 

 

With adsorption capabilities that are competitive with those of other materials 

described in the literature, raw and processed cow dung show great promise as 

inexpensive, environmentally acceptable adsorbents (Table 4). Because TCD outperforms 

a number of carbon- and bio-based materials, it is a good substitute for wastewater 

treatment applications.  

 
Table 4. Adsorption Capacity Analysis of RCD and TCD in Relation to Related 
Literature Adsorbents  

Adsorbent Adsorption 
Capacity (mg/g) 

References 

Modified biochar material 5.018 Hoslett et al. (2020) 

Multi-walled carbon nanotubes filled with Fe2O3 particles 42.3 Qu et al. (2008) 

N-maleyl chitosan/P(AA-co-VPA) 50.180 Nakhjiri et al. (2018) 

Gigantochloa Bamboo-Derived Biochar 86.60 Suhaimi et al. (2022) 

Coconut husk based activated carbon 66 Tamai et al. (1996) 

Lignin and chitosan 36 Albadarin et al. (2017) 

Fly ash 50.27 Wang et al. (2023) 

Algerian goethite 7.09 Manal et al. (2024) 

Untreated sugarcane biomass 24.457 Ofudje et al. (2024) 

Treated sugarcane biomass 32.315 Ofudje et al. (2024) 

Raw cow dung 47.8 This work 

Treated cow dung 64.25 This work 
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Thermodynamic Studies  

Entropy change (ΔS°), Gibbs free energy (ΔG°), and changing the enthalpy (ΔH°) 

are examples of thermodynamic characteristics that support the adsorption nature and are 

useful in determining the spontaneity and feasibility of the adsorption nature (Fig. 13). 

These thermodynamic constants were estimated from the expression below 

(Ademoyegun et al. 2022; El-Rayyes et al. 2025), 

          (10) 

RT
H

R
SK

oo

d
−=ln         (11) 

d

o RTInKG =          (12) 

where temperature in K is denoted as T and the universal gas constant in 8.304 J 

mol−1K−1 is given as R. The values in Table 5 and ΔG° (Kadirvelu 2013) were determined 

using Eq. 11. The MB adsorption onto both RCD and TCD is spontaneous, as indicated 

by the negative values of ΔG° at all temperatures. Additionally, ΔG becomes increasingly 

negative as temperature rises, indicating that higher temperatures improve adsorption 

efficiency (Macedo 2016; Ofudje et al. 2024). At all temperatures, however, TCD shows 

fewer negative ΔG values than RCD, suggesting that MB adsorption onto TCD is 

marginally less spontaneous than onto RCD. This explains why, when the system absorbs 

heat to promote MB binding, adsorption efficiency increases with temperature. Because 

of changes in surface chemistry that increase adsorption efficiency following treatment, 

TCD's lower ΔH value indicates that the adsorption process uses less energy than RCD. 

A rise in randomness at the solid-liquid interface during adsorption is shown by the 

positive entropy change values for both RCD (4.32 J/mol.K) and TCD (1.42 J/mol.K) 

(Ademoyegun et al. 2022; Oyebola et al. 2025). This implies that when MB molecules 

move from the solution phase to the adsorbent surface, they become more disorganized. 

  

 
Fig. 13. Plot of thermodynamics for the sorption of MB by RCD and TCD 
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Table 5. Thermodynamic Variables for the Sorption of Methylene Blue Dye onto 
RCD and TCD 

 RCD TCD 

T (°C) ΔG (kJ/mol) ΔH (kJ/mol) ΔS 
(kJ/mol) 

ΔG 
(kJ/mol) 

ΔH (kJ/mol) ΔS (kJ/mol) 

25 -1.25   -0.89   

30 -2.33   -1.43   

40 -4.46 9.32 4.32 -2.27 6.4 1.42 

50 -5.56   -3.3   

60 -6.25   -3.8   

70 -6.83   -4.6   

 

 

CONCLUSIONS  
 
1. Both raw and activated cow dung were used to remove methylene blue (MB) dye 

from solutions. 

2. The presence of key functional groups such as –OH, –NH₂, C=O, and C–O in cow 

dung highlights its potential for effective interaction with methylene blue 

molecules. 

3. Following MB adsorption, the SEM examination clearly shows a change in TCD's 

surface structure, including a smoother surface and a decrease in porosity, proving 

TCD's promise as an efficient and reasonably priced adsorbent. 

4. After adjusting the conditions, more than 80% of the dye was adsorbed, 

demonstrating that acid activated cow dung was an economical and effective 

sorbent for dye removal. 

5. The Freundlich model fits TCD better and reflects the effect of treatment on 

increasing adsorption efficiency, whereas the Langmuir model better captures 

adsorption onto RCD. 

6. All things taken into account, the thermodynamic study verifies that MB adsorption 

onto RCD and TCD is an endothermic, spontaneous process that becomes more 

effective at increasing temperatures.  
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