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 Cost-effective dye wastewater treatment approaches are critically required for the 
long-term sustainability of textile industries. To fill the gaps, multiple high-potential 
adsorbents derived from biomass have been proposed. For this purpose, this study 
was conducted to present an applicable and cost-effective biochar synthesized 
from cow dung to remove methylene blue from the aqueous solutions. The potential 
of cow dung-based biochar was optimized under various pH, biochar dose, 
methylene blue concentration, contact time, and temperature. The maximum 
removal was 96% achieved at optimum conditions, 20 mg/l methylene blue 
concentration, 0.2 g biochar dose, pH of 6, and 90 min contact time at ambient 
temperature. The methylene blue adsorption process followed the Freundlich 
isotherm (R2=0.9827) and pseudo-second-order (R2=0.999) kinetic models, 
implying multilayered adsorption on the heterogenous surface and chemisorption 
mechanism, respectively. Furthermore, the adsorption process was spontaneous 
and exothermic due to negative Gibbs free energy (ΔG0) and enthalpy (ΔH0) with 
the reduction at randomness of methylene blue molecules and adsorbent 
interaction based on negative entropy (ΔS0). Regarding the high efficiency of cow 
dung-based biochar to adsorb methylene blue, it is recommended that further 
investigations consider the biochar activation and functionalization intending to 
upgrade its adsorption capacity. 
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1. Introduction 

 
The increasing release of dyes into the environment due to the 
expansion of industrial activities is one of the critical challenges at the 
global level (Li et al., 2017). Regarding the detrimental effects of dyes 
on human health and aquatic life, the removal of dyes from wastewater 
before discharge into the natural habitat is indispensable (Ahmad et al., 
2020a). Methylene blue, methyl orange, rhodamine B, crystal violet, 

Congo red, and diffuse violet produced from azo, thioquinone, and 
xanthan are the most significant and toxic dyes in industrial and non-
industrial effluents. They are non-biodegradable and mutagenic, 
hindering sunlight penetration into the water and damaging aquatic 
organisms (Valderrama et al., 2010; Bayahia, 2022). Successive 
exposure to methylene blue as a cationic molecule leads to sensory 
system problems, skin sensitivities, and cardiovascular and human 
respiratory damage (Udayakumar et al., 2021). Therefore, dye 
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concentrations in the effluent should be managed efficiently to avoid 
environmental crises (Putranto et al., 2022).  

Advanced oxidation processes, adsorption, membrane filtration, 
coagulation, and ion exchange have been proposed for dye removal. 
However, adsorption methods are at the heart of consideration due to 
their versatility, adjustability, and wide variety of available adsorbents 
(Baloo et al., 2021). The efficiency of the adsorption process strongly 
depends on the adsorbent characteristics, wastewater composition, 
and the analyte type (Misran et al., 2022). Carbonized char as an 
applicable adsorbent can adsorb dyes through chemical or physical 
bonding on the surface. The adsorption quality is related to pore 
volume, surface area, pore diameter, and size distribution. A slight 
change in these characteristics considerably increases the char 
adsorption capacity (Ofgea, Tura, and Fanta, 2022).  

The char synthesis from natural and low-cost agricultural waste 
such as orange peel, banana peel, peanut peel, lemon peel, coconut 
shell, and bamboo branches has been conducted for dye removal 
(Yusop et al., 2021). Biochar is a high-potential material produced from 
different available biomass (Yusop, Aziz, and Ahmad, 2022). The 
biochar porosity captures the dye molecules and can be regenerated 
accordingly (de Souza et al., 2022). The morphology and size 
distribution of the pores on the surface affects the adsorption rate 
(Alshekhli et al., 2020).  

Cow dung is a cost-effective and readily available biological 
resource. Traditional applications of cow dung such as burning as fuel, 
mosquito repellants, and cleaning agents are already presented 
(Saraswat, Demir, and Gosu, 2020). The recent development of cow 
dung is attributed to biofuel production or environmental pollution 
management. Cow dung is also a practical alternative for the adsorption 
process because of its affordability and the possibility of recovery, mass 
production, and availability (Iwuozor et al., 2022). On the other hand, 
cow dung is used to remove pollution due to its high carbon content, 
suitable porosity, and high efficiency (Jain et al., 2022). Notably, the 
dung of horses, cows, sheep, and chickens contains organic 
substances, enriching farm soils (Pandey et al., 2021). It is animal 
manure, and its properties lead to increased permeability and water 
retention, improved aeration, and stimulating the biological activity of 
the soil (Iwuozor et al., 2022).  

According to the limited investigations in terms of cow dung 
adsorption potential, the present study was conducted to 
comprehensively evaluate the cow dung's capability and capacity to 
remove methylene blue from aqueous solutions. The impacts of 
temperature, contact time, methylene blue concentration, biochar dose, 
and pH on the biochar performance were also considered to attain the 
optimum conditions. Isotherm, kinetic, and thermodynamic modeling 
were also applied to analyze the adsorption mechanism. The results of 
this study can provide an innovative pathway toward green sustainable 
development. 
 
2. Materials and methods 
2.1. Sample collection 
 
Cow dung was collected from industrial cattle farms and dried in an 

oven for 24 hours at a temperature of 110 C and then powdered 
(Pandey et al., 2021). The elemental analysis showed the amount of 
carbon, nitrogen, sulfur, and hydrogen as 31.19%, 2.41%, 0.711%, and 
3.66%, respectively. 

 
2.2. Biochar preparation 
 
20 g of as-prepared powder was pyrolyzed in the furnace (TF5/25-

1250) for one hour at a temperature of 500 C and a heating rate of 10 
ml/min under the nitrogen gas flow with a pressure of 100 ml/min 
(Saraswat, Demir, and Gosu, 2020). 

 
2.3. Biochar characterization 
 
The elemental analysis was carried out using an elemental analyzer 
(Flash EA 1112, USA). Field scanning electron microscopy analysis 
(SEM, Model: FEIESEM QUANTA200) was applied to determine the 
size and morphology of the cow dung-based biochar. Fourier-transform 
infrared spectroscopy (FTIR; Thermo Nicolet Avatar 370 FTIR, USA) 
was also performed to assess the surface functional groups of biochar.  

 
2.4. Optimization of methylene blue removal 
 
The operational parameters including temperature, contact time, 
methylene blue concentration, biochar dose, and pH were selected to 
optimize methylene blue removal using the one-at-a-time method 
(Ahmad et al., 2020a; Bayahia, 2022). The biochar potential for 
methylene blue removal was evaluated at pH values of 4, 6, 8, 10, and 

12 with a biochar dose of 0.2 g, contact time of 1 hour, and methylene 

blue concentration of 10 mg/l at a temperature of 25 C (Ahmad et al., 
2020a). Then, the experiment was performed at a biochar dose of 0.2, 
0.3, 0.5, 0.7, and 1 g, while pH, methylene blue concentration, 

temperature, and contact time were 6, 10 mg/L, 25 C, and 1 h, 
respectively. Methylene blue concentration was optimized at 5, 10, 20, 

50, and 100 mg/l at a contact time of 1 h, temperature of 25 C, biochar 
dose of 0.2 g, and pH = 6. The experiment was repeated at the contact 
time of 15, 30, 60, 90, and 120 min with 0.2 g biochar dose, at a 

temperature of 25 C, optimum methylene blue concentration of 20 
mg/l, and pH= 6. Finally, the biochar capability in methylene blue 

removal was assessed at the temperature of 10, 15, 20, 30, and 40 C 
under pH=6, 0.2 g biochar dose, 90 min optimum contact time, and 20 
mg/l methylene blue concentration. The experiments were carried out 
in three replicates. The adsorption capacity and removal percentage 
were calculated using the following formulas: 

Qe = (Ci − Cf) ×
V

M
                                                                             (1)   

A% =
(Ci−Cf)

Ci
∗ 100                                                                              (2) 

where, Qe is adsorption capacity. Ci and Cf denote primary and final 
methylene blue concentrations. V and M are the solution volume and 
biochar dose, respectively. A also indicates the removal percentage. 

 
2.5. Isotherm modeling  
 
Adsorption characteristics are expressed by adsorption equilibrium 
isotherms (Vyawahare et al., 2022). Adsorption isotherms are 
invaluable parameters indicating adsorbate mobility from the bulk 
solution to a solid phase at a constant pH and temperature (Nowrouzi, 
Younesi, and Bahramifar, 2018; Peer, Bahramifar, and Younesi, 2018). 
Moreover, when adsorbate concentration in aqueous media is balanced 
with the adsorbed ones on the adsorbent, the equilibrium condition is 
established (Ayawei, Ebelegi, and Wankasi, 2017). Langmuir and 
Freundlich isotherm models were used in this study to specify the 
adsorption of methylene blue molecules on cow dung-based biochar. 
Langmuir presents the adsorption isotherm based on the equality of 
adsorption and desorption rates as follows (Majd et al., 2022): 

𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚
𝑐𝑒 +

1

𝑞𝑚𝑏
                            (3) 

where qe and qm denote the equilibrium and maximum adsorption 
capacity (mg/g), respectively. b depicts the Langmuir constant and Ce 
is the equilibrium concentration of adsorbate (mg/L). The basic 
characteristic of the Langmuir isotherm model is the dimensionless 
constant called RL (Langmuir separation factor), which is defined by the 
following equation: 

 RL =
1

(1+bC0)
                                                                                      (4) 

where, b and C0 are the Langmuir constant and the initial adsorbate 
concentration (mg/L), respectively. RL indicates the type of isotherm as 
irreversible (RL=0), favorable (0<RL<1), linear (RL=1), and unfavorable 
(RL>1) (Latour, 2015). Freundlich isotherm is based on multi-layered 
and heterogeneous adsorption of the substance on the absorbent and 
is described as follows (Rajahmundry et al., 2021):  

Lnqe = LnKF +
1

n
LnCe                                                                            (5) 

where, kF and 1/n denote the Freundlich constant and exponent, 
respectively. The index 1/n shows the Freundlich intensity parameter 
and the experimental conditions are favorable when 1/n<1. 
 
2.6. Adsorption kinetics 
 
To determine the optimal contact time and predict the speed of the 
adsorption process, adsorption kinetic models were investigated 
(Gorissen et al., 2020). Kinetics equations manifest the adsorption 
mechanism and contributed processes such as surface, intermolecular, 
and chemical adsorption as well as diffusion (Li et al., 2022). The 
shorter the contact time in the adsorption process, the higher the 
reaction speed, which is cost-effective from an economic point of view 
(Liu et al., 2020). The pseudo-first-order kinetic model elucidates that 
the changes in the adsorption rate with time are proportional to the 
unoccupied sites on the surface of the absorbent (Song et al., 2020). 

ln(𝑞𝑒 − 𝑞𝑡) = 𝑙𝑛𝑞𝑒 − 𝑘1𝑡                      (6) 

where, k1 shows the pseudo-first-order rate constant (1/min) and qt 
depicts the adsorption capacity at time t. The pseudo-second-order 
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kinetic model assumes that chemical adsorption controls the adsorption 
phenomenon and the rate of adsorption site occupation is related to the 
square of the unoccupied sites (Hu et al., 2020). 

𝑡

𝑞𝑡
=

1

𝐾2𝑞𝑒2
2 +

1

𝑞𝑒2
𝑡                                                                                  (7) 

where, k2 is the pseudo-second-order constant rate and t is the time 
(min).  
 
2.7. Adsorption thermodynamics 
 
Thermodynamic parameters including Gibbs free energy changes 

(ΔG), standard enthalpy (ΔH), and standard entropy (ΔS) can be 
obtained using the following equations (Shukre et al., 2022): 

∆𝐺0 = −𝑅𝑇𝐿𝑛𝐾𝑑                                                                                  (8)  

∆𝐺0 = ∆𝐻0 − 𝑇∆𝑆0                                                                              (9)     

𝐿𝑛𝐾𝐷 = −
∆𝐻0

𝑅𝑇
+

∆𝑆0

𝑅
                                                                             (10)  

where, R is the global constant of gases with a value of 8.314 J/K.mol. 
T is the absolute temperature (K), and Kd is the equilibrium constant 
(Brandani, 2022). 
 
3. Results and discussion 
3.1. Characterization 
 
The morphology of the biochar prepared from cow dung was 
investigated using SEM analysis. Fig. 1 shows that the surface of 
synthesized biochar is thick and porous with small holes. The FTIR 
spectrum of cow dung-based biochar is exhibited in Fig. 2. As can be 
seen, broad peaks at 3429.32 cm-1 and 3126.08 cm-1 indicate the O-H 
stretching vibration (Xiu et al., 2020). The weak absorption peak in 3310 
cm−1 is the N-H bond of the stretching (Tang et al., 2021). The peak at 
1638.82 cm-1 is related to the C꞊O bond (Patty, Loupatty, and 
Sopalauw, 2017). The sharp peaks at 1453.27 cm-1 and 1400.19 cm-1 
correspond to the asymmetric C–H bending vibrations and CH3 

bending, respectively (Rani et al., 2017; Tang et al., 2022). The 
stretching vibration of C-O is at 1071.62 cm-1 (Khoon Poh et al., 2014)

 

  
(a) (b) 

Fig. 1. SEM image of cow dung-based biochar, (a) 50 and (b) 100 kx magnification. 
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Fig. 2. FTIR spectrum of cow dung-based biochar. 

 
3.2. Effect of pH 
  

The effect of pH in the range of 4-12 on methylene blue adsorption is 
shown in Fig. 3a, while other parameters were fixed at 0.2 g adsorbent 
dose, 1 h contact time, 10 mg/l methylene blue concentration, and room 
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temperature. According to the obtained results, the trend of methylene 
blue removal at various pH depicted more fluctuations. However, the 
maximum methylene blue removal was detected at pH=4 equivalent to 
93.08% with an adsorption capacity of 3.07 mg/g. It should be 
mentioned that solution pH can directly affect the biochar surface 
charge and the degree of ionization of pollutants. At acidic conditions, 
H+ ions compete with cationic methylene blue molecules to be 
adsorbed by biochar. Then, the H+ ions induce the biochar surface to 
be positively charged, creating a repulsion force between the biochar 
surface and methylene blue ions (Habeeb et al., 2023). However, the 
adsorption capacity of methylene blue was enhanced by the pH 
increase due to the weak impact of H+ on the charge of the biochar 
surface (Ofgea, Tura, and Fanta, 2022; Yusop, Aziz, and Ahmad, 
2022). A similar finding was obtained by Chu et al. (2019) who reported 
the maximum removal efficiency of rhodamine B (97.7%) at pH 4 using 
sodium dodecyl sulfate-modified nano-alumina. Another study revealed 
the significant decolorization of methylene blue at about 77% at pH 3 
after 30 min (Sun et al., 2015). 

 
3.3. Effect of biochar dose 
  
The adsorption process of methylene blue at a biochar dose of 0.2 to 1 
g is demonstrated in Fig. 3b. The other parameters were fixed at a pH 
of 6, contact time of 1 h, methylene blue concentration of 10 mg/L, and 
room temperature. The highest adsorption capacity (4.10 mg/g) was 
obtained at 0.2 g biochar dose with a removal efficiency of 82.08%. As 
can be seen, the removal efficiency of cow dung-based biochar 
increased from 82.08% to 96.95% while the biochar dose was 
enhanced. This can be attributed to the more available adsorption sites 
for methylene blue molecules. Ahmad et al. (2020b) also reported the 
adsorption efficiency of methylene blue as 91.3% at 0.5 gm/100 mL of 
cow dung biochar dose.  Another study indicated the enhancement of 
methylene blue removal rate from 47.76% to 98.95% while the dose of 
cattle manure-derived low-temperature biochar was increased from 0.01 g to 
0.5 g, which was relevant to the availability of more adsorption sites and 
increased adsorbent surface area (Zhu et al., 2018). Moreover, 
Habeeb, Zinatizadeh and Zangeneh (2023) declared that the increase 
in the B-ZnO/TiO2 photocatalyst loading from 0.5 g/l to 1.5 g/l led to the 
enhancement of dye removal from 40% to 70%. However, a reduction 
of adsorption capacity was observed from 4.10 mg/g to 0.97 mg/g with 
the increase of the adsorbent dose. Rapid superficial sorption onto the 
cow dung-based biochar occurred at a higher adsorbent dose, whereas 
lower methylene blue molecules were adsorbed per available 
adsorption sites, leading to lower adsorption capacity (Einollahipeer, 
and Okati, 2022; Subramaniam, and Ponnusamy, 2015). Another 
reason for the reduction of adsorption capacity at a fixed methylene 
blue concentration could be related to the aggregation of adsorbent 
particles that decreased the total surface area and increased the 
diffusional path (Shirmardi et al., 2016; Zhu et al., 2018). 
 
3.4. The effect of the initial methylene blue concentration  
 
The impact of methylene blue concentration was assessed in the range 
of 5-100 mg/l at fixed pH=6, contact time of 1 hour, biochar dose of 0.2 
g, and room temperature. As can be seen in Fig. 4a, while the 
methylene blue concentration was enhanced to 100 mg/l, the 
adsorption efficiency dropped from 93.27% to 69.07%. The rapid 
removal of methylene blue at the beginning was probably associated 
with the great number of available vacant sites, which gradually 
decreased to attain equilibrium conditions (Rezaei, Rostami, and Abyar, 
2024). The maximum adsorption capacity was achieved at 100 mg/l 
methylene blue equivalent to 9.87 mg/g. Generally, the transfer rate of 
methylene blue molecules on the adsorbent accelerates by increasing 
of dye concentration, which results in a high adsorption capacity (de 
Souza et al., 2022). According to the literature (Alshekhli et al., 2020), 
the initial concentration of methylene blue provides a strong driving 

force to overcome the mass transfer resistance between the aqueous 
and solid phases, leading to high adsorption capacity.  
3.5. Effect of contact time  
 
The effect of contact time on the adsorption process in a range of 15 to 

120 min is manifested in Fig. 4b at pH=6, temperature of 25 C, biochar 
dose of 0.2 g, and methylene blue concentration of 20 mg/L. The 
maximum removal was achieved at 120 min equal to 92.51% with an 
adsorption capacity of 2.64 mg/g. As can be seen, the methylene blue 
adsorption showed a slight reduction at the initial 30 min and then 
increased with contact time enhancement. This can be explained that 
at the beginning of the adsorption process, a large number of empty 
sites are available on the biochar surface and the adsorption of 
methylene blue dye shows an increasing trend until stabilized (Ahmad 
et al., 2020b; Habeeb, Zinatizadeh, and Zangeneh, 2023). Abd-Elhamid 
et al. (2020) also demonstrated the increase of methylene blue and 
crystal violet removal with time with maximum adsorption efficiency of 
99.91 and 44.64 mg/g, respectively. The same trend was found by 
Subramaniam and Ponnusamy (2015) for methylene blue removal, 
which rapidly increased with time more than 60 min. They also referred 
to the aggregation of dye molecules at the high contact time, hindering 
the deeper diffusion into the adsorbent structure, and the pores get filled 
up (Subramaniam, and Ponnusamy, 2015).  

 
3.6. Effect of temperature  
 
Fig. 4c shows the effect of temperature on the adsorption process in 

the range of 10-40 C at pH=6, the contact time of 90 min, biochar dose 
of 0.2 g, and methylene blue concentration of 20 mg/L. The maximum 
methylene blue removal (98.78%) was obtained at a temperature of 10 

C with an adsorption capacity of 2.69 mg/g. A decreasing trend in 
methylene blue adsorption was observed with a temperature increase 

from 10 C to 40 C. However, the effect of temperature on the 
adsorption capacity was smaller and showed only a 3.7% reduction in 

the temperature range from 10 to 40 C, demonstrating the capability 
of the cow dung-based biochar for wastewater treatment at ambient 
temperature (Zhu et al., 2018). Moreover, high temperatures enhance 
the mobility of methylene blue molecules, further decrease their 
penetration to the adsorbent pores, and reduce the adsorption potential 
(Ramutshatsha-Makhwedzha et al., 2022). The results were consistent 
with the literature (Yusop et al., 2021; Putranto et al., 2022). Notably, 
the cow dung-based biochar could maintain 70% of its capacity after 20 
cycles. 
 
3.7. Isotherm modeling 
 
The correlation coefficients and adsorption parameters of Langmuir and 
Freundlich isotherm models are shown in Fig. 5 and Table 1. Isotherm 
of methylene blue adsorption on cow dung-based biochar fitted well 
with the Freundlich model (R2=0.9827) which elucidated a 
heterogeneous surface of the biochar with multilayer adsorption 
accompanied by the exponential distribution of adsorbent active sites 
(Rastgar et al., 2023; Saleh, 2022). KF and 1/n values were 1.39 and 
0.572, respectively, which revealed a favorable non-linear interaction of 
dye adsorption (Nowrouzi et al., 2017; Rastgar et al., 2022). On the 
other hand, the Langmuir isotherm showed a qm value of 12.25 mg/g 
with an R2 of 0.9186. Moreover, the RL constant value of 0.299 
confirmed the favorable adsorption of methylene blue. Regarding the 
Freundlich graph (Fig. 5b), the isotherm of methylene blue adsorption 
on cow dung-based biochar was C-type, implying that the ratio between 
the adsorbed dye molecules onto the adsorbent surface area and dye 
molecules concentration in solution was proportionally at any 
concentration (Baloo et al., 2021). 
 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sorption
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(a) (b) 

Fig. 3. Removal of methylene blue at different pH (a) and adsorbent dose (b). 

 

  

(a) (b) 

 
(c) 

Fig. 4. The effect of methylene blue concentration (a), contact time (b), and temperature (c) on the methylene blue removal. 
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(a) (b) 

Fig. 5. (a) Langmuir and (b) Freundlich isotherm models for methylene blue adsorption. 
 

  

  

(a) (b) 
Fig. 6. Pseudo-first (a) and second-order (b) kinetic models. 

 
Table 1.  Comparison of isotherm and kinetics of the adsorption process using cow dung-based adsorbents. 

Isotherm  Langmuir  Freundlich 

Pollutant qmax, mg/g 
B, 

L/mg 
R2 RL 

KF, 
(mg/g)(L/mg)1

/n 
n R2 Reference 

Methylene blue 12.25 0.117 0.9186 0.299 1.39 1.75 0.9827 This study 
Methylene blue 17.506 0.583 0.996 0.017 - <1 0.927 (Ahmad et al., 2020b) 
Methylene blue 192.31 0.1763 0.9999 0.102 39.91 2.66 0.8887 (Zhu et al., 2018) 
Glyphosate - - - - 1.168 3.293 0.985 (Garba et al., 2019) 

AMPA - - - - 2.915 2.119 0.865 (Garba et al., 2019) 

Cadmium 5.12 1.67 0.93 0.009 2.54 6.25 0.91 (Van Phuong, and Hoang, 2021) 
Fluoride 83.83 0.084 0.781 0.39 8.18 0.89 0.947 (Rajkumar et al., 2019) 

Kinetic Pseudo-first order  Pseudo-second order 

Pollutant qe, mg/g 
k1, 

min-1 
R2  qe, mg/g 

k2, g/mg 
min 

R2 Reference 

Methylene blue 2.64 0.01 0.4895  2.66 0.164 0.999 This study 
Methylene blue 13.876 0.018 0.925  19.157 0.023 0.994 (Ahmad et al., 2020b) 
Methylene blue 39.01 0.017 0.9944  39.15 0.026 1 (Zhu et al., 2018) 
Methylene blue - - -  35.59 0.0042 0.922 (Tsai, Hsu, and Lin, 2019) 
Fluoride 16.37 0.0394 0.967  4.69 0.0743 0.993 (Rajkumar et al., 2019) 
Cadmium 1.58 0.015 0.91  4.73 0.055 0.8 (Van Phuong, and Hoang, 2021) 

 Aminomethylphosphonic acid  
 

Table 2. Thermodynamic parameters of methylene blue adsorption. 

T, K ΔG0 , kJ.mol-1 ΔH0 , kJ.mol-1 ΔS0 , J.mol-1 .K-1 

283 -1911.31 -12944.9 -39.079 

288 -1715.89 

293 -1493.08 

303 -1001.03 

303 -795.041 

 
3.8. Adsorption kinetics  
 
The rate constants of the adsorption process were ascertained using 
pseudo-first and second-order kinetic models to evaluate the 
adsorption mechanisms. The acquired plots and coefficients are 
indicated in Fig. 6 and Table 1. The pseudo-second-order kinetic model 

with an R2 of 0.999 was well-fitted with the empirical data which proved 
that the chemisorption reaction controlled the methylene blue 
adsorption (Tran, 2022). The value of qe was 2.66 mg/g with K2 of 0.164. 
Adsorption of phenol (Jain et al., 2022), organic pollutants (Chen et al., 
2022), and methylene blue (Kandasamy et al., 2023) by cow dung-
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based adsorbents also followed the pseudo-second-order kinetic 
model.   

 
3.9. Adsorption thermodynamics 
 
In order to study the temperature influence on the adsorption process, 
thermodynamic parameters were calculated which are listed in Table 2. 
A negative ΔGo value was indicative of the spontaneity of the adsorption 
process. ΔHo presented the negative value which referred to the 
exothermic adsorption process (Jain et al., 2022). The negative value 
of ΔSo also indicated a reduction in the randomness at the 
adsorbent/solution interface within the adsorption process (Sahmoune, 
2019). 
 
4. Conclusions 
 
This study evaluated the potential of synthesized biochar derived from 
cow dung for methylene blue removal. The optimum pH, biochar dose, 
initial methylene blue concentration, contact time, and temperature 
were 6, 0.2 g, 20 mg/L, 90 min, and ambient temperature. The 
maximum adsorption capacity was accounted as 12.25 mg/g. The 
adsorption process was heterogeneous, chemical, and spontaneous 
based on isotherm, kinetic, and thermodynamic studies. The negative 
ΔHo values elucidated the exothermic adsorption process. The 
superiority of this study was to highlight the intrinsic potential of cost-
effective and available cow dung waste as a precursor for methylene 
blue removal. However, the feasibility of cow dung-based biochar 
application in an industrial aspect should be explored from 
environmental and economic points of view.  
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