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ABSTRACT: Dye pollution is a severe environmental issue for which there are no short-term fixes. 

Adsorption has become the most popular method for removing dyes because of its remarkable effectiveness, 

ease of use, affordability, and environmental friendliness. This study intends to assess how well two 

biosorbents; dried powder (DHM) and charcoal (CHM), made from hibiscus plant debris remove methylene 

blue (MB) from aqueous solutions. Adsorption kinetics, isotherms, and thermodynamics were examined in 

order to better understand the adsorption mechanisms. The adsorption capacity and efficiency of methylene 

blue on both adsorbent materials were assessed using the batch adsorption experiment. Several parameters, 

including pH, initial dye concentration, contact time, adsorbent dosage, and temperature, were examined in 

relation to the biosorption process. For both biosorbents, the biosorption equilibrium was reached in 20 min, 

and at pH 10.5, the maximum adsorption capacities were 11.60 and 11.80 mg g-1 for DHM and CHM, 

respectively. Despite not going through the extra activation step, CHM was assessed in its non-activated 

condition and, surprisingly, showed equal or even slightly superior MB adsorption ability than DHM. The 

experimental data was well-fitted by the Freundlich and pseudo-second-order models, indicating a physical 

adsorption mechanism. The thermodynamic study's conclusions demonstrated that MB's adsorption on CHM 

was non-spontaneous and endothermic, with positive values for ΔHo (15.900 kJ mol-1), ΔGo (0.404 kJ mol-1), 

and ΔSo (0.052 kJ mol-1 K-1). The MB adsorption on DHM, on the other hand, was exothermic and 

spontaneous, with negative values for ΔGo (-5.41 kJ mol-1), ΔHo (-42.36 kJ mol-1), and ΔSo (-0.124 kJ mol-1 K-

1). The study's findings demonstrate that hibiscus plant waste can be utilised as an inexpensive, 

environmentally beneficial biosorbent to remove MB from wastewater. 

 

                            INTRODUCTION 

The effective management of water resources in a 

sustainable and integrated manner presents a significant 

and complex challenge for numerous nations. Within the 

realm of sustainable water management, the treatment of 

wastewater has a vital function in ensuring the overall 

quality of water. However, the contamination of water 

sources, both natural and industrial, by various 

pollutants, particularly dyes, has emerged as a pressing 
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environmental and health concern, posing risks to both 

society and ecosystems [1-4]. 

The presence of high concentrations of dyes in water 

sources and industrial wastewater streams has become a 

critical issue many countries face. These dyes are known 

for their persistence, high toxicity, and carcinogenic 

impurities. Furthermore, they have the potential to 

bioaccumulate within the food chain, ultimately affecting 

human health. Recent studies have highlighted the 

detection of numerous harmful chemicals in drinking 

water at alarming levels across different regions 

worldwide. Among the most prevalent toxic pollutants 

are the harmful chemicals and dyes in wastewater 

generated by heavy industries and various human 

activities, necessitating their treatment before discharge 

into the environment [5-10]. 

Industries worldwide, including the cosmetic, food, and 

paper sectors, heavily rely on dyes. Among these 

industries, the textile sector is the primary consumer of 

dyes due to their favorable attributes, such as chemical 

stability and ease of synthesis. The global production of 

dyes surpasses 7 × 105 tons annually, with Azo 

coloration constituting 60 to 70% of the total output. 

However, the widespread use of these synthetic dyes 

gives rise to significant environmental concerns [11-13]. 

The aqueous effluents generated by these industries often 

contain tinted wastewater, which can harbor chemicals 

that pose a threat to microbial populations and possess 

toxic or carcinogenic properties for humans and animals. 

These environmental issues stem from using synthetic 

dyes, necessitating exploring alternative approaches to 

mitigate their negative impact [12]. 

Methylene blue (MB), an extensively employed cationic 

dye with the chemical formula C16H18ClN3S, finds 

wide application as a chemical indicator, dye, and 

biological stain. The printing and dyeing industries 

generate substantial wastewater containing organic dyes. 

This dye wastewater exhibits distinct characteristics, 

including significant discharge, intense chromaticity, 

high concentration of organic matter, and limited 

biodegradability. Consequently, it significantly impacts 

the overall health of water bodies and hampers the 

photosynthesis process of microorganisms within the 

aquatic environment [14, 15]. 

As a result, before releasing the wastewater into bodies 

of water, the aforementioned enterprises must put in 

place wastewater treatment systems. Currently, a wide 

range of techniques are used to treat wastewater, such as 

adsorption, advanced oxidation, coagulation, 

flocculation, and photocatalysis. While there are benefits 

and drawbacks to each strategy, the main issue with the 

majority of these technologies is their high cost and 

possibility for secondary pollution. Adopting a water 

treatment technique that can overcome the shortcomings 

of current technologies is therefore essential [16–23]. 

Adsorption has become the most popular method for 

treating wastewater because of its remarkable 

performance, ease of use, affordability, and 

environmental friendliness. Adsorption is an 

advantageous option for water treatment since it can be 

used to overcome the shortcomings of other treatment 

technologies [24–27]. Many biomaterials have been 

studied for their potential in adsorbing methylene blue. 

These materials include silica, zeolites, alumina, 

activated carbon derived from fruit waste, agro-industrial 

wastes, composite hydrogels based on polysaccharides, 

activated carbon obtained from eucalyptus residue 

treated with phosphoric acid, chemically modified lychee 

seed biochar, transition metal oxides, and various other 

biomaterials. These biomaterials have undergone 

extensive investigation for their effectiveness in 

methylene blue adsorption [28-40]. 

The purpose of this work is to employ the dried powder 

and charcoal surfaces that are obtained from the waste of 

hibiscus plants as very effective biosorbents for the 

removal of methylene blue (MB) from aqueous solutions. 

Additionally, by examining adsorption kinetics, 

isotherms, and thermodynamics, the adsorption 

mechanisms were examined. This study advances the use 

of the underutilised byproduct of hibiscus plants as a 

useful biosorbent for dye-contaminated water treatment. 

The potential of hibiscus plant waste as a biosorbent has 

not yet been investigated in previous research. 

MATERIALS AND METHODS 

Chemicals 

All the chemicals utilised in this study were of analytical 

quality and were not subjected to any purifying 

procedures. The experiment employed methylene blue 
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indicator (C16H18ClN3S) with a purity level of ≥98.5%. 

Merck provided various reagents along with analytical 

reagent (AR) grade sodium hydroxide (NaOH) and 

hydrochloric acid (HCl). For the experiment, deionized 

(DI) water was procured from a Millipore-Q system. 

Analysis of Dye Concentrations 

Methylene blue (MB) was first dissolved in deionized 

water to provide an initial stock solution with a 

concentration of 500 mg L-1. To achieve concentrations 

of 1 to 200 mg L-1, this stock solution was diluted later. 

To alter the pH of the suspension containing the 

adsorbents, either 0.1 M aqueous solutions of NaOH or 

HCl were used. A pH metre made in the United 

Kingdom, the Jenway 3305, was used to measure the pH 

values. To quantify MB at a temperature of 25°C, 

calibration curves in the range of 1.0–10 mg L-1 were 

created. A UV-visible spectrophotometer (JENWAY 

6305 Spectrophotometer) was used to measure the 

concentrations of MB both before and after adsorption. 

Filter paper No. 1 from Whatman was used to filter the 

samples. 

Preparation of Adsorbent Materials 

The waste from hibiscus plants used in this study came 

from a nearby Libyan farm in Misurata. This waste 

material led to the development of two different 

adsorbents. In order to get ready for the dry hibiscus 

material (DHM), the plant was thoroughly cleaned and 

then washed with double distilled water to remove any 

unnecessary particles from its exterior. It was then dried 

in the sun and baked for around 24 hours at 70°C in a hot 

air oven. The hulls were dried, then processed with an 

electric grinder and filtered to produce particles smaller 

than 125 μm. For later experimental use, the resultant 

substance was kept apart in special containers [41]. 

The dried hibiscus material was pyrolyzed in a furnace 

for two hours at 550°C in order to produce the charcoal 

hibiscus material (CHM). The resultant biochar was 

removed and subjected to additional processing 

following the pyrolysis process. After being ground into 

a fine powder and sifted to get the right particle size, 

double distilled water was used to wash it. To guarantee 

its dryness, the biochar was lastly dried at 60°C [42, 43]. 

Adsorption Experiments 

The purpose of the batch adsorption experiment was to 

assess the capacity and adsorption effectiveness of 

methylene blue on both adsorbent materials. The study 

examined a range of experimental factors, such as pH 

(between 3 and 10), starting dye concentration (between 

5.0 and 200.0 mg L-1), contact duration (between 0.0 and 

30.0 min), adsorbent dosage (between 0.1 and 1.0 g), and 

temperature (between 298, 303, 308, 313, 318, and 323 

K) [44]. 

A pH metre was used to measure the pH of the solution 

after it had been initially adjusted with either 0.1 M 

hydrochloric acid (HCl) or sodium hydroxide (NaOH) 

solution. A 150 mL conical flask holding 50 mL of the 

methylene blue solution was filled with a precise amount 

of adsorbent material at different concentrations. Every 

mixture was stirred for the specified durations of time at 

a rate of 175 revolutions per minute (rpm) at 25°C. The 

samples were filtered and examined after the adsorption 

procedure. Each experiment was conducted thrice to 

ensure repeatability [45]. 

Using the following formulas [46, 47], the equilibrium 

amount of methylene blue adsorbed (Qe) in milligrams 

per grams (mg g-1) and the percentage of methylene blue 

adsorbed (%R) were determined: 
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 x 1                 (2) 

where the initial safranin concentration, equilibrium 

safranin concentration, volume of aqueous media, and 

mass of the dry adsorbent are represented by Co (mg L-1), 

Ce (mg L-1), V (L), and M (g), respectively. 

Adsorption Kinetics 

Equations 3 and 4, which represent the pseudo-first order 

and pseudo-second order kinetic models, respectively, 

were used to evaluate the kinetic properties of MB dye 

removal utilising the DHM and CHM biosorbents [48, 

49]: 
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The amount of substance adsorbed is represented by the 
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equilibrium sorption capacity (Qe) and the sorption 

capacity at a particular time (Qt). Pseudo-first order 

sorption rate constant is k1, and pseudo-second order 

sorption rate constant is k2, both expressed in grams per 

milligrams per minute. 

Adsorption Isotherms 

The adsorption efficiency of most adsorption processes 

heavily relies on the adsorbents' capacity to adsorb 

various components within a mixture. Hence, it is crucial 

to develop a comprehensive understanding of the 

properties governing the equilibrium between the 

adsorbent and adsorbate [11]. The two-parameter 

equation-based Langmuir and Freundlich models are 

widely used in scientific literature to describe the non-

linear equilibrium between the adsorbed pollutant (Qe) 

and the residual pollutant in solution (Ce) when the 

reaction is carried out at a constant temperature [50]. To 

evaluate the suitability of these classical models and 

verify the outcomes, the linear forms of these models 

were used. The following linear equations [51, 52] 

represent the models: 

 e

 e
  

1

   m
  

 e

 m
                (5) 

 og 
e
   og f  

1

n
  og e                (6) 

The Langmuir model in Equation (5) includes parameters 

Qm, b, and Ce, which stand for the maximal adsorption 

capacity, Langmuir constant, and equilibrium dye 

concentration, respectively. The Freundlich equation (6) 

involves the heterogeneity factor 1/n, where n (g L-1) 

represents the degree of adsorption deviance from 

linearity, and the Freundlich constant Kf, which is related 

to bonding energy. Furthermore, the following 

relationship can be used to find the Langmuir model 

parameter RL: 

    
1

1    o
                   (7) 

 

The parameter for dimensionless equilibrium RL is 

closely related to the Langmuir model, where Co and b 

stand for the equilibrium dye concentrations and 

Langmuir constant, respectively. Adsorption type is 

determined by the RL value: RL = 0 indicates irreversible 

adsorption, 0 < RL < 1 indicates favourable adsorption, 

and RL > 1 indicates unfavourable adsorption [6]. The 

degree to which the relationship between solution 

concentration and adsorption is non-linear is indicated by 

the n value: adsorption exhibits a linear pattern when n = 

1, a chemical process when n < 1, and a physical process 

when n > 1 [8]. 

To validate the results, the Temkin and Dubinin-

Kaganer-Radushkevich (D-R) adsorption isotherm 

models were also used. The Temkin model's linear form, 

represented by equation (8), takes into consideration the 

consequences of any indirect interactions that may have 

occurred during the adsorption process between the 

adsorbent and adsorbate. As the adsorbed molecular 

layer gets saturated, this isotherm predicts a linear 

decrease in the heat of adsorption for all molecules [23]. 

 
e
     ln        ln e           (8) 

Included in the equation are the Temkin isotherm 

constant (KT, L mg-1) and the Temkin adsorption 

constant (BT, J mol-1). 

When describing the adsorption mechanism on non-

uniform surfaces with a Gaussian energy distribution, the 

Dubinin-Radushkevich adsorption isotherm technique is 

frequently employed. The Dubinin-Radushkevich 

isotherm does not require a homogenous surface or 

constant adsorption potentials, in contrast to other 

isotherm models. Alternatively, the apparent energy of 

adsorption can be approximated. The linearized form of 

the Dubinin-Radushkevich isotherm is represented by 

equation [10]:  

log Qe = log Qm – β ε2                     (9) 

Where ε  J mol-1) is the Polanyi potential, a measurement 

of the potential energy of adsorption per mole of 

adsor ate, and β  mol².J-2) is the Dubinin-Radushkevich 

constant, which is related to the characteristic energy of 

adsorption. 

Thermodynamics Investigation 

An essential component of the study of adsorption 

studies is thermodynamics. The following equations [10, 

51, and 53] can be used to express the thermodynamic 

characteristics that determine the process's spontaneity 

and thermodynamic feasi ility: entropy change  ΔSº), 
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enthalpy change  ΔHº), and Gi  s free energy  ΔGº): 

ΔG   ΔH –   ΔS                     10) 

ΔG   - RT Ln Kc                    (11) 

The standard thermodynamic equilibrium constant 

should be calculated using activity rather than 

concentration in order to determine the apparent 

equilibrium constant of adsorption (Kc):  

 d   
 e

 e
                   (12) 

Equation (13) establishes the relationship between 

entropy, enthalpy, and Kc as illustrated below: 

 n d  
 S

 
- 
 H

  
                         (13) 

RESULTS AND DISCUSSION 

Effect of Contact Time 

Because the length of contact time is critical to the 

removal of MB dye, its impact was examined in multiple 

batches over the course of 0 to 30 minutes. Both of the 

adsorbent surfaces' obtained results are shown in Figures 

1a and 1b. Interestingly, the adsorption process 

proceeded quickly in 15 min and was slowly getting 

closer to equilibrium in 20 min. The high surface area 

and porous structure of DHM and CHM, which promote 

effective MB molecule contact and diffusion, may be 

responsible for this quick initial adsorption. Additionally, 

favourable electrostatic interactions between the 

adsorbent surfaces and MB might play a role in the fast 

initial uptake. The maximum adsorption capacities were 

observed to be 11.40 mg g-1 and 11.60 mg g-1 at the 20-

min mark for DHM and CHM, correspondingly. 

Subsequently, a saturation point was reached, indicating 

the attainment of adsorption process equilibrium. [7] 

 
 

 

Figure 1. Effect of contact time on MB adsorption onto: a) DHM, b) CHM. 

 

The pseudo-first-order (PFO) fit was used to analyse the 

experimental data in order to ascertain the mechanism of 

the adsorption process, and the evaluation of adsorption 

kinetic parameters was made possible by pseudo-second-

order (PSO) kinetic models [47]. In the case of the PFO 

model, there was a noticeable deviation from linearity in 

the linear fitting, and a significant disparity between the 

calculated and experimental adsorption capacities was 

observed (see Figures 2a and 2b).  

 

 

 

 

 

 

Conversely, the PSO model exhibited excellent linear 

fitting [Figures 2c and 2d], with no deviation observed 

between the experimental (11.40 and 11.60 mg g-1) and 

calculated Qe (11.43 and 11.60 mg g-1). Table 1 displays 

the kinetic parameters. Previous investigations have 

reported similar observations [7-11]. 
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Figure 2. Kinetic study of MB adsorption: a) PFO for DHM, b) PFO for CHM, c) PSO for DHM, d) PSO for CHM 
 

Table 1. Kinetic parameters of MB dye onto DHM and CHM. 

First order 
Qe (calculated) 

(mg g
-1

) 

Qe (experimentally) 

(mg g
-1

) 

k1 

(min
-1

) 
R

2
 

DHM 0.156 11.40 0.0478 0.312 

CHC 1.652 11.60 0.0454 0.698 

Second order 
Qe (calculated) 

(mg g
-1

) 

Qe (experimentally) 

(mg g
-1

) 
k2 (g.mg

-1
 min

-1
) R

2
 

DHM 11.43 11.40 0.708 1.000 

CHC 11.60 11.60 4.080 1.000 

 

Effect of Adsorbent Dose 

For a given initial concentration of the adsorbate, the 

amount of adsorbent used is a critical factor in 

determining the sorption capacity [14]. The adsorption 

capacity of MB dye on both surfaces as a function of 

DHM and CHM dose (varying from 0.1 to 1.0 g) is 

depicted in Figures 3a and 3b. Adsorption effectiveness 

for dye removal increases with an increase in the 

adsorbent dosage. This pattern can be explained by a 

larger dose of adsorbent, which produces more accessible  

 

 

adsorption sites and increases the amount of dye that is 

adsorbed. However, partial adsorption site saturation is 

responsible for the decline in adsorption capability with 

increasing adsorbent dosage [54]. Another possibility is 

that a higher adsorbent dose promotes inter-particle 

interactions, such as aggregation, which reduces the 

adsorbent's overall surface area and increases the 

diffusional path length [41]. 
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Figure 3. Effect of adsorbent dose on MB adsorption onto: a) DHM, b) CHM. 

Effect of pH 

A significant factor that was studied was the effect of pH 

on the adsorption process; the results of the experiments 

are shown in Figures 4a and 4b. Higher initial pH levels 

are associated with an increase in the adsorbent's 

adsorption capability. In particular, the adsorption 

capacity for DHM and CHM reached 11.60 and 11.80 

mg g-1, respectively, at an initial pH of 10.5. 

Theoretically, an important adsorption force in the pH 

range of 3.2-11 is the electrostatic adsorption between 

the cationic methylene blue and the adsorbent. To further 

improve adsorption, the adsorbent also has a 

comparatively large surface negative charge potential 

energy (when the initial pH exceeds pHpzc, the pH at 

which the net electrical charge on an adsorbent's surface 

becomes zero). 

On the other hand, ion exchange and hydrogen bonding 

are the main mechanisms for adsorption when the pH is 

lower than pHpzc [54]. Based on an analysis of the 

adsorbent's zero charge point (pHpzc), which was found to 

be 3.2, Tang et al. [9] postulated an adsorption 

mechanism. They suggest that the adsorbent surface is 

positively charged at pH values less than 3.2 and 

negatively charged at pH values more than 3.2. 

Additionally, as the pH of the solution rises, the 

adsorbent surface displays a greater negative potential 

energy [20, 22]. It is anticipated that at pH 11, adsorbents 

such as DHM and CHM will have a greater ability to 

adsorb cationic dyes. 

 
Figure 4. Effect of pH on MB adsorption onto: a) DHM, b) CHM. 

 

Effect of Initial Dye Concentration  

The process of dye adsorption involves the buildup of 

dye at the interface between the liquid and solid phases. 

As shown in Figures 5a and 5b, this phenomena was 

investigated by looking at the effect of initial dye 

concentration while holding other parameters constant. A 

progressive increase in the amount of dye adsorbed was 

seen at higher starting concentrations. This is explained 

by the fact that the initial concentration of the dye acts as 

a catalyst to push past the resistance that arises when the 

dye is mass transferred between the aqueous and solid 

phases [39]. Furthermore, increasing the initial dye 

concentration enhances the bond between the dye 

molecules and the adsorbent substance [56]. 

Consequently, elevating the initial concentration of MB 

dyes amplifies their uptake during adsorption, as 

depicted in Figures 5a and 5b. 
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Figure 5. Effect of initial concentration on MB adsorption onto: a) DHM, b) CHM. 

 

Analysis of adsorption isotherms, which offers insightful 

information for optimisation, greatly aids in the 

characterization of adsorption systems. The maximum 

adsorption capacity may be calculated thanks to these 

isotherms, which clarify the equilibrium relationship 

between the adsorbent and adsorbate [41, 44]. As shown 

in Figures 6a through 6h, the adsorption isotherms of MB 

dye on DHM and CHM were assessed in this work using 

the Langmuir, Freundlich, Temkin, and Dubinin-

Radushkevich models. 

 

  

   
Figure 6. Langmuir (a & b), Freundlich (c & d), Temkin (e & g), and D-R (f & h) adsorption isotherm plots of MB dye adsorption onto DHM & 

CHM 
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those of the Langmuir isotherm (0.632 and 0.879), 

Temkin (0.8482 and 0.9059), and D-R (0.8756 and 

0.6980), as evidenced by the results displayed in Figures 

6a, 6b, 6c, 6d, 6e, 6f, 6g, 6h, and Table 2. This disparity 

implies that the adsorbent's surface was heterogeneous 

and that the adsorption system contained multilayer 

adsorption sites. Furthermore, the computed value of n 

(n>1) shows that physical processes account for the 

majority of the adsorption process. The dimensionless 

constant RL, which ranges from 0.055 to 0.238, is found 

to be within the desirable range according to the 

Langmuir parameters. Maximum adsorption capacities 

(in mg g-1) of 35.34 for DHM and 99.01 for CHM were 

obtained from the Langmuir expression. These values, 

however, did not agree with the outcomes of the 

experiment. 

Table 2. Parameter values of the isotherm models in the adsorption of MB onto DHM & CHM 

Langmuir 
Qm 

(mg g
-1

) 

Qm 

Experimental 

(mg g
-1

) 

b 

(L mg
-1

) 
RL R

2
 

DHM 35.34 44.46 0.086 0.055 0.632 

CHM 99.01 57.63 0.016 0.238 0.879 

Freundlich 
Kf 

((mg g
-1

)(mg L
-1

)
1/n

) 

n 

(g L
-1

) 
R

2
 

DHM 3.30 1.00 0.995 

CHM 1.67 1.13 0.985 

Temkin 
BT 

(J mol
-1

) 

KT 

(L mg
-1

) 
R

2 

DHM 45.1 1.09 0.8482 

CHM 24.3 1.16 0.9059 

D-R 
Qm 

(mg g
-1

) 

β 

(mol² J
-2

) 
R

2 

DHM 110
-6

 4.44 0.8756 

CHM 210
-6

 3.56 0.6980 

 

Effect of Temperature and Thermodynamics 

At various temperature values (298, 303, 308, 313, 318, 

and 323 K), the impact of temperature on MB adsorption 

was examined; the findings are shown in Figures 7a and 

7b. The ability of MB to adsorb on CHM was shown to 

increase with temperature, suggesting that the adsorption 

process was endothermic spontaneously. On the other 

hand, it was discovered that when the temperature was 

raised, MB's capacity for adsorption on DHM reduced, 

indicating an exothermic adsorption process that 

occurred naturally. 

 
Figure 7.  an’t Hoff plot of the adsorption of    dye onto: a) DH ,  )  H . 

 

The higher mobility of adsorbate molecules within the 

interior pores and outside border layer of the solid 

adsorbent particle may be responsible for the 

endothermic event. More adsorbate molecules 

accumulate sufficient energy to interact with the binding 

sites on the particle's surface as the number of adsorbate 
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molecules rises [57]. Upon computation, the 

thermodynamic properties of MB adsorption onto CHM 

are shown in  a le 3.  he computed values of ΔGo equal 

0.404 kJ mol-1. The process is not viable under these 

conditions, as indicated by the positive value. 

Furthermore, a higher degree of randomness among dye 

molecules on the surface of the adsorbent particle than in 

the dye solution is indicated  y the positive ΔSo value 

(0.052 kJ mol-1 K-1), which encourages solid-liquid 

interactions. Additionally, the observed increase in Qe 

values with increased temperatures [29] and the positive 

ΔHo value (15.900 kJ mol-1) support the endothermic 

nature of the investigated adsorption process. 

On the other hand, the spontaneous and 

thermodynamically possible adsorption of MB onto 

DH  is shown  y the negative ΔGo value. Generally 

spea ing, ΔGo values for chemisorption vary from -80 to 

-400 kJ mol-1, while those for physisorption are found 

between -20 and 0 kJ mol-1 [58].  he ΔGo value in this 

investigation was found to be -5.41 kJ mol-1, suggesting 

that the adsorption is unusually more similar to 

physisorption. The process's exothermic character is 

confirmed  y the negative value of ΔHo (-42.36 kJ  

mol-1). This adsorption energy is being compared to a 

number of forces, including coordination exchange 

(about 40 kJ mol-1), hydrophobic bond forces (about 5 kJ 

mol-1), van der Waals forces (4–10 kJ mol-1), and 

chemical bond forces (>60 kJ mol-1).  he value of ΔHo 

indicates that van der Waals and hydrophobic 

interactions may also be involved in the adsorption 

process, in addition to electrostatic attraction. Finally, a 

decrease in randomness at the adsorbate-solution 

interface during adsorption is shown by a negative value 

of ΔSo. [59]. 

Table 3. Thermodynamic parameters for adsorption of MB onto DHM and CHM 

Adsorbent ΔG
o
 (kJ mol

-1
) ΔH

o
 (kJ mol

-1
) ΔS

o
 (kJ mol

-1
k

-1
) R

2
 

DHM -5.41 - 42.360 - 0.124 0.9522 

CHM 0.404 15.900 0.052 0.9498 

 

                            CONCLUSIONS 

In this study, methylene blue (MB) was extracted from 

aqueous solutions using two biosorbents made from the 

waste of hibiscus plants: dried powder (DHM) and 

charcoal (CHM). Adsorption was affected by a number 

of factors, including temperature, pH, starting dye 

concentration, contact time, and adsorbent dosage. The 

physical basis of the process was disclosed by the 

adsorption kinetics and isotherms, which were consistent 

with the Freundlich and pseudo-second order models. 

Thermodynamic research revealed that the MB 

adsorption onto CHM was endothermic and non-

spontaneous, whereas the adsorption onto DHM was 

exothermic and spontaneous. The outcomes showed that 

the waste from hibiscus plants can be utilised as an 

inexpensive and environmentally beneficial biosorbent to 

remove dye from wastewater. This study contributes to 

using underexplored plant waste as a valuable resource 

for environmental remediation. 
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