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The produced material was used in this study as an adsorbent to remove the organic 

pollutants such as methylene blue (MB) and methyl orange (MO) from an aqueous 

solution. Scanning electron microscopy (SEM), Fourier transform infrared spectra 

(FTIR), X-ray diffraction (XRD), Particle size analysis (PSA) characterization 

techniques were used to analyze morphological, chemical structure, nature and size of 

particles of an adsorbent. The dose study was performed to check optimum dose for 

removal of cationic dye (CD) and anionic dye (AD) which was 1g/L and 3 g/L, 

respectively. Different isotherm studies (Langmuir, Freundlich, Temkin, Dubinin- 

Radushkevich) were performed and confirm that the adsorption process followed 

Langmuir isotherm which means that adsorption is monolayer it was again confirmed 

by value of R2 (0.98 for MB and 0.95 for MO). Kinetics study revealed that Pseudo-

second-order (PSO) followed for both MB and MO which confirmed chemisorption. 

High value of ∆H⁰ was observed for MB confirmed that adsorption process is 

chemisorption. Negative value of ∆S⁰ revealed that process is spontaneous in nature. 

High removal percentages of MB and MO were achieved 95.7% and 94%, 

respectively, revealed that Legerstroemia speciosa biochar (LSB) is very effective 

adsorbent for the removal of organic pollutants (MB and MO). 

 

1. Introduction 

Dyes are natural or synthetic organic molecules with high 

molecular weights and intricate molecular structures. In general 

terms, the two primary ways that dyes are categorized are either 

by their chemical composition or by how they are applied to 

various substrates, including textile fibres, paper, leather, 

plastics etc. Azo, Anthraquinone, Indigo, Phthalocyanine, 

Sulphur, Jia chuan, Triaryl methane, Heterocyclic are major 

categories of the dyes.. Based on the application of dyes, they 

can be reactive, acid, soluble, insoluble, oxidation, disperse, 

polycondensation and fluorescent dyes (Long et al., 2020). Azo 

dyes have widespread applications in the textile, paint, leather, 

pulp paper, cosmetics, medicinal and dyeing sectors along with 

other common industrial products like rubber, petroleum etc. 

(Su et al., 2014). As compared to the natural dyes, azo dyes are 

more stable against light, temperature changes, chemicals, 

detergents, and microbial deterioration. They are also less 

expensive and easier to use. Azo dyes are most extensive and 

versatile group of synthetic dyes. They are composed of one or 

more sulfonic (SO3-) and azo (-N=N-) bonds that are joined to 

various functional groups like amino, methyl, nitro, hydroxyl, 

sulfoxyl and carboxyl (Alhujaily et al., 2020). As one common 

azo dye in the printing and dyeing industry and potential in 

causing serious effects in ecosystem and living beings, MO and 

MB is an organic, heterocyclic, synthetic and high water-

soluble anionic and cationic dyes, respectively. Typically, MB 

is a toxic dye (Russo et al., 2016), large amount of which (more 

than 7.0 mg/kg) can cause nausea, high pressure of blood, 

abdominal pain and mental health issue (Bharagava et al., 

2021; Quansah et al., 2020, Oz et al., 2011). The reactive 

singlet oxygen that is produced by photo-sensibilized of MB by 

white light it may damage the DNA structures resulting 

threatening the human health (Albadarin et al., 2017). MO is an 

obstinate dye that can induce dermatitis, allergy, intestinal 

cancer and hypersensitivity in living things (Shabaan et al., 

2020). By catalysing the reductive dissociation of the azo bond, 

reductive enzymes in the liver can produce aromatic amines, 

which may be the first step toward the development of 

intestinal cancer. MO is therefore categorized as an allergenic 

chemical that could trigger skin dermatitis upon skin contact 

(Haddadian et al., 2013; Verma et al., 2021). Diarrhoea and 
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vomiting may also result from it. Death may ensue from 

prolonged exposure to MO (Eljiedi and Kamari, 2017). Dyes 

when discharged into natural water system, brings toxicological 

problems along with them, making them unfit for human 

consumption (Liu et al., 2012). Therefore, treatment of dyes 

form the wastewater very important before being discharged 

into natural water bodies. Treatment of dyes may involve any 

of the physical, biological or chemical processes some of which 

include; flocculation, ion-exchange, ozonation, precipitation, 

membrane filtration, biodegradation, etc. But being ineffective 

and expensive these technologies are less accepted for wide 

range of treatment of dye in wastewater (Robinson et al., 2001). 

Adsorption came out superior to other techniques because of its 

simple design, ease of operation, low initial cost and flexibility. 

Further this technique can be used to eliminate different types 

of coloring materials (Adwani et al. 2023; Gupta et al., 2009; 

Crini et al., 2006). The elevated cost of activated carbon led to 

the search for low cost, renewable adsorption materials (Bello 

et al., 2007). Biochar is inexpensive and sustainable adsorbent 

that can be used to remove organic pollutants from the aqueous 

solution/watewater. This biochar has a wide range of source 

including the sludge, agriculture waste, industrial waste etc. 

Biochar itself has a lot of advantages i.e. large surface area, 

large pores and rich in functional groups (Zhu et al., 2018). In 

adsorption process, biochar may hold rich functional groups 

and have high porosity (Leng et al., 2015).  

In the present study, Lagerstroemia speciosa (LS) leaves were 

utilized as raw materials to produce biochar aimed at 

eliminating CD and AD from the aqueous solutions. The 

characterization of the biochar was done using SEM, FTIR, 

PSA and XRD analyzer. The removal of MO and MB from 

aqueous solution was carried out by the batch adsorption 

process. Various adsorption isotherms such as Langmuir 

isotherm (LI), Freundlich isotherm (FI), Temkin isotherm (TI), 

Dubinin- Radushkevich isotherm (D-RI) and kinetics pseudo-

first-order (PFO), pseudo-second-order (PSO), intraparticle 

diffusion model (IDM) have been applied in this study. Graphs 

of thermodynamics have also been plotted. 

 

2. Materials and methods 

2.1 Materials 

The raw materials for preparation of adsorbent i.e. dry leaves of 

Lagerstroemia speciosa was collected from Babasaheb 

Bhimrao Ambedkar University (BBAU) Lucknow, Uttar 

Pradesh, India. Thermo-Fisher Scientific, India Pvt. Ltd. 

provided the chemicals like HCl, NaOH, MB and MO were 

used in the study. 

2.2 Adsorbent preparation 

The dry leaves of Lagerstroemia speciosa were collected and 

washed with deionized water to remove the dirt stick to the 

surface. It was then oven dried for 48 h. The dried material was 

crushed and grounded to convert into fine powder. This 

material was then passed through 0.22 mm sieve. Powered 

material was filled in the crucible and was capped with fitted 

lid. Crucible was kept into the muffle furnace for pyrolysis at 

600oC and was kept constant for 120 min. The sample was 

allowed to cool inside the muffle furnace till the room 

temperature. The obtained Lagerstroemia speciosa biochar 

(LSB) was washed with deionized water until all the impurities 

like bio-oil was removed and was left to oven dry for 12 h. The 

dried LSB was kept in air tight container and used for 

additional studies. 

2.3 Batch adsorption experiment 
Batch adsorption process proceeded with the preparation of 

stock solutions of MB and MO. Study was done to analyze the 

outcome of the selected parameters, i.e., adsorbent dose, pH, 

temperature, concentration and contact time on the adsorption 

of material from the aqueous solution. The batch study was 

performed in 100 mL of conical flask using rotary flask shaker. 

Remaining concentrations of the MB and MO in each flask 

were analyzed using the UV-spectrophotometer (Systronic 

India, Model 117) at wavelength 663 nm and 464 nm, 

respectively. Measurement error was avoided by taking the 

duplicate reading and using average value for the equilibrium 

concentration. The adsorption percentage and adsorption 

capacity of dyes were governed by the following Eqs. (1) and 

(2), respectively. 

Adsorption (%) = 
(𝑪𝟎−𝑪𝒆)

𝑪𝟎
×100                          (1) 

Adsorption Capacity (qt) = 
(𝑪𝟎−𝑪𝒆)

𝑴
×V               (2) 

where, C0 is original concentration (mg/L), Ce is final 

concentration at time t (mg/L), V is solution volume in L, M 

(g) is mass of adsorbent.  

 

2.4 Characterization of the material 

The morphology of surface and elemental composition of the 

biochar was observed using SEM with EDX (JEOL JSM-6490 

LV, Japan). FTIR (Thermo-Scientific Nicolet-6700, USA) was 

used to detect surface functional groups. For the analysis of the 

particle size distribution Zeta nanosizer (Malvern Zetasizer 

nanoseries ZS90) was used. XRD (D8 Advance Eco, Bruker 

Germany) was also done for the characterization of the biochar. 

To determine surface neutrality of the LSB, pHzpc was 

performed using 0.01M NaCl aqueous solution at different pH 

values (2-10) fixed with 0.1M NaOH and 0.1M HCl. 

 

Table 1 Elemental composition of the LSB 

Element Weight% Atomic%  

    
C K 50.92 61.80  

O K 36.76 33.50  

Na K 0.58 0.37  

Mg K 2.90 1.74  

Si K 2.45 1.27  

K K 1.72 0.64  

Ca K 1.16 0.42  

Pt M 3.51 0.26  

Total 100 100  
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3. Results and discussion 

3.1 Batch study 

3.1.1 Effect of dose 

In order to perform batch adsorption study, a cationic dye (CD) 

and an anionic dye (AD) were taken in 100 mL conical having 

dose containing 0.5g/L to 3.5 g/L in order to determine the 

ideal amount of the adsorbent needed for efficient dye removal 

at room temperature (except temperature study) and at pH 7 

(except pH study). Consequently, maximum removal for MB 

was observed at 1 g/L that is 96 % and for MO at 3 g/L that is 

93.7 %. After that, the usage of dose above this showed no 

significant rise in the capacity of adsorption due to aggregation 

of particles which hinder further adsorption. The lower of MO 

was due to presence of charge present on the surface of 

biochar. As the dose increased further the removal % was 

started declining shown in Fig.1 (A).  At room temperature the 

solution was put at rotatory flask shaker at 250 rpm for 6 H to 

reach the equilibrium. Additionally, at first the adsorption rate 

was extremely high because there are so many unoccupied sites 

available on the surface of adsorbent. The adsorption capacities 

of both dyes at time t were calculated using given formula (Eq. 

3): 

 

𝑄𝑒 (
𝑚𝑔

𝑔
) = (𝐶0 − 𝐶𝑒  ) ∗ 𝑉/𝑚                             (3) 

 

Where Qe= adsorption capacity, C0 and Ct are initial and final 

concentration respectively, m is dose used in g/L and V is 

volume of solution in L. 

 

3.1.2 Effect of different concentration and contact time 

To see the effects of concentration on adsorption, MO and MB 

solutions of different concentrations were prepared in the range 

of 10 to 50 mg/L. The amount of adsorbents used for the 

removal of MO and MB were 3g/L and 1g/L, respectively. 

Batch study was carried out in a 100 mL conical. The study 

was performed for two hours. After 90 min the adsorption 

stabilizes and reached to equilibrium state. 

The maximum removal of both dyes (96% for MB and 94% for 

MO) was attained at 90 minutes of contact time The high 

removal of MB was noted in contrast to MO as a result of an 

increasing contact time between the opposite charges on both 

MB and LSB (Verma et al., 2021). It was found that when 

concentrations of MB and MO were increased from 10 mg/L to 

50 mg/L, then the removal efficiencies dropped from 96% to 

33% and 94% to 26%, respectively as shown in Fig.1 B and C. 

The possible explanation for this could be higher initial dye 

concentration occupied the adsorption sites on adsorbent 

surface and become saturated. 

 

3.1.3 Effect of pH 

The influence of pH on adsorption was investigated using range 

of solution pH values varying from 2 to 10.  The pH of solution 

was maintained using 0.1 M HCI and 0.1 M NaOH solutions 

and maximum adsorption at different pH was analyzed. The 

outcome showed no discernible shift in the removal percentage 

of both dyes over time, confirming the stability of process of 

adsorption (De et al., 2020). However, MO’s adsorption 

capacity is lower than MB’s because the same charge present 

on the surface of adsorbent and adsorbate which generates 

repulsion. The capacity of adsorption was 2.4 mg/g for MO as 

shown in Fig.1C and 9.8 mg/g for MB as predicted in Fig. 1 

(D). 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Effect of (A) dose taken for MB and MO, (B) and (C) shows different concentration at different time interval for MB 

and MO, respectively, and (D) shows effect of different pH values on MB and MO dyes 

3.1.4 Effect of temperature  
Another significant parameter is temperature which affects the 

adsorption capacity. To observe the effect of temperature on 

adsorption, studies have been done at four different 

temperatures that are 25°C, 35oC, 45oC and 55°C.  It was 
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observed that on increasing temperature, the adsorption 

capacity was also increased. The reason for this is, the 

adsorbent surface has specific adsorptive sites that need a 

specific temperature to become effective/activate. A high 

temperature is needed to activate the adsorptive sites of the 

adsorbents (Nordin et al., 2021). In this case, abundance of 

active sites were present at high temperature which provide 

more sites available for the adsorbate to bind on the surface of 

LSB. At 25°C adsorption is lowest and at 55°C adsorption 

percentage was observed. It implies that the reaction process is 

endothermic. At temperature increased from 25°C to 55°C the 

removal percentage was reached to 99.08% for MB. The % 

removal of MO was found to be lower than that of MB. The 

adsorption capacity of MB is 9.9 mg/g and that of MO is 3.18 

mg/g as shown in Fig.2 (A) and (B). It happened due to the fact 

that there is similar charge present on the surface of adsorbent 

and adsorbate which causes repulsion between MO and LSB

 

 

Fig. 2 Effect of different temperature on the adsorption of MB (A) and MO (B) on the surface of LSB 

3.2  Characterization of adsorbent 

3.2.1 SEM and EDS analysis 

The SEM analysis was conducted to assess the size, shape and 

surface morphology of synthesized biochar material. The 

results depicted in Fig.3 reveal that the biochar material exhibit 

irregular shapes with rough surfaces and possess a significant 

surface area along with high porosity. EDS analysis performed 

for elemental analysis of LSB as shown in Table 1 which 

shows have high carbon content that is 68.34% by weight.  

 

3.2.2 FTIR  
The functional group present on material before and after 

adsorption of MO and MB represented by FTIR spectrum 

which is displayed in Fig.3 (B). Before and after adsorption 

peaks present on LSB was nearly identical and shifts only 

slightly which shows successful adsorption. The bands 3419 

and 3403 corresponds to hydroxyl group of alcohol. 1563 to 

1571 corresponds to primary and secondary amine that is N-H 

stretch. -CH3 bending vibration attributed to the peak 1411 and 

1450, 2879, 1218, 879 represented the C-H bonding of 

aldehyde group, C-N and C-H stretching, respectively. 

 

 3.2.3 XRD  

XRD is used to determine crystalline or amorphous structure of 

the prepared biochar materials. The XRD spectrum revels that 

the biochar is crystalline in nature. The intense peak found at 

29.40 corresponds the crystalline nature of material and 

assigned to silicon dioxide (Mittal et al., 2022). The finer and 

sharper peaks were discovered at 2θ values of about 21-30⁰ as 

shown in Fig. 4(A). In addition to confirming the existence of 

graphene-like structure in the produced biochar material, these 

peaks for the biochar materials showed the formation of 

carbonized material. The deflection peaks present at 35.93°, 

39.23°, 43.10° represents calcium silicate and diffraction peaks 

at 47.50° and 48.60° assign to the presence of calcite (Verma 

and Singh, 2019).  

 

3.2.3 PSA  

PSA was accomplished by homogenizing of the biochar by 

dissolving it in distilled water at room temperature. Plotting 

obtained result is displayed in Fig. 4(B), which indicates that 

broad peak were seen between 150-250 nm. This size 

distribution suggests that the prepared LSB possess a larger 

surface area, which may have potentially for efficient 

adsorption of dyes. 

 

3.2.4 Zero-point charge (pHzpc)  

The pHpzc establishes the point at which the net charge on 

surface of carbon was zero(De Farias et al., 2020) which are 

cumulative action of functional group present on biochar. The 

surface of carbon has a net positive charge when pH is less than 

pHpzc and vice versa. The pH pzc   is determined by using 0.01N 

NaCl which is then placed in 50 mL conical flask in five 

distinct flask and maintain the pH of solution between 2 to 10 

by using 0.1 M H2SO4 and NaOH and solution was shaken for 

48 h. After 48 h, the pH of solution was checked. The pHpzc in 
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the current investigation was found to be 8.8 (Fig. 5) means 

biochar is basic in nature because of liberation of alkaline 

minerals like calcium and magnesium during the thermal 

decomposition of waste biomass by the pyrolysis process 

(Verma et al., 2019). 

  

 

Fig. 3 (A) shows the morphological structure of the surface of biochar, (B) shows the FTIR transmittance spectra of LSB, 

MB and MO 

 

3.3 Adsorption isotherm  

Isotherms are used to explain the adsorption process by 

comparing the amount of material adsorbed left in the solution. 

The experimental parameters for the dye adsorption were 

optimized using the isotherms (Verma et al., 2019).  In this 

study, different isotherm that is Langmuir Isotherm (LI), 

Freundlich (FI), and Dubinin- Radushkevich (D-R), Temkin 

(TI) whose values were calculated by using equations 4,5,6 and 

7, respectively. R2 values were used to assess how well the 

experimental results fit the suggested models shown in Fig.6 

and Table 2. LI assuming monolayer and homogeneous 

adsorption onto an adsorbent surface (Quansah et al., 2020). 

Heterogeneous sites with a non-uniform distribution are 

described by the FI model. The value of 1/n fall between 0 and 

is indication of successful adsorption process (Verma et al., 

2021). The LI model was more closely fit by the results from 

the adsorption for MB (R2 = 0.9856) and MO (R2 = 0.952) dye. 

This assumes that adsorption occurs on a homogeneous surface 

with a definite number of identical sites where all adsorption 

sites have the same energy. It simulates that each adsorbate 

molecule attaches to a single site without interacting with other 

adsorbed molecules. Since the number of adsorption sites is 

fixed, once a site is occupied, no further adsorption can occur at 

that location (Borba et al., 2019). 
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Fig. 4 Spectra showing XRD (A) and PSA (B) showing the size of particle of LSB 

 

According to the corelation coefficient R2, the models that were 

used followed the following sequence; Langmuir > Dubinin-

Radushkevich > Freundlich > Temkin  

𝑪𝒆

𝑸𝒆
=

𝟏

𝑸𝒐𝒃
+

𝑪𝒆

𝑸𝒐
              (4) 

𝐿𝑛𝑄𝑒= Ln𝐾𝐹  +
1

𝑛
ln𝐶𝑒   (5) 

€=RT ln (1 +
1

𝐶𝑒
)          (6) 

𝑄𝑒= 
𝑅𝑇

𝑏
 (ln𝐾𝑇+ln𝐶𝑒)     (7) 

𝐸 =
1

√2𝐵
                        (8) 

where Qe denotes the adsorbate amount adsorbed (mg/g). Ce is 

the concentration at equilibrium (mg/L). Qo is denoted as the 

Langmuir constant and (b) is denoted as the adsorption rate. KF 

is adsorption capacity, R and KT are gas constant and Temkin 

isotherm constant respectively. E is mean adsorption energy 

and B is D-RI constant. A graph plotted against Ce and Ce/Qe. 

 

3.4 Adsorption kinetics 

Adsorption kinetics is a crucial parameter for understanding the 

rate at which adsorbate attaches to the adsorbent during the 

process of adsorption. In this study, PFO (Eq. 9), PSO (Eq. 10) 

kinetics and IDM were applied to examine the adsorption 

mechanism of both dyes on the surface of LSB. PFO 

determined by interaction between the adsorbent and adsorbate 

whereas according to pseudo-second-order the rate at which 

solute adsorption changes is closely correlated with the change 

in the concentration of adsorptive and saturated solids over 

time (Verma et al., 2021). Both PFO and PSO provided a good 

fit to experimental data of MB shown in Table 3 whereas PSO 

fitted for MO removal as predicted by the value of R2 shown in 

Fig. 7. On the basis of available literature (Mittal et al., 2022), 

adsorption is chemical in nature that is there is strong 

electrostatic attraction between adsorbent and adsorbate.

𝐿𝑜𝑔(𝑞𝑒 -𝑞𝑡)= log𝑞𝑒-(𝐾1/2.303) t                                           (9) 

𝑡/𝑞𝑡=1/𝐾2𝑞𝑒
2+

1

𝑞𝑒
*t                                                                 (10) 

Where qe and qt denotes amount of MO and MB adsorbed on 

LSB at equilibrium and time t respectively, K1 and K2 are 

constant for PFO and PSO respectively. The graph was plotted 

against time and log (Qe-Qt) for PFO and t and t/Qt for PSO. 

Table 2 Represent Isotherm parameter for removal of MB and MO using LSB 

Isotherm models Parameters Adsorbates 

 MB MO 

Langmuir Q0 (mg/g) 13.66 4.33 

 B (L/mg) -0.0067 -0.111 

 R2 0.98 0.95 

Freundlich n 10.01 9.5 

 KF (mg/g) 11.9 4.2 

 R2 0.4 0.3 

Temkin b (J/mol) 1.2 0.5 

 c 12.4 4.5 

 Kt (L/g) 2578 14283 

 R2 0.31 0.239 

D-R Qm (mg/g) 1.023 0.5729 

 E (KJ/mol) 0.00035 0.00045 

 R2 0.72 0.65 

 

Table 3 Kinetics parameters represent removal of MB and MO using LSB  

Adsorbates  PFO PSO 

 Co (mg/L) Qe (mg/g) K1 (min-1) R2 Qe (mg/g) K2 (g/mg/ min) R2 

MB 10 9.54 0.028 1 10.59 0.0073 0.99 

20 21.01 0.042 0.95 17.33 0.00466 0.99 

30 21.6 0.017 0.98 22.72 0.002976 0.99 

40 20.4 0.039 0.95 17.98 0.0029 0.96 

50 13.4 0.017 1 17.42 0.002969 0.93 

MO 10 2.6 0.0079 0.96 3.46 0.024 0.99 

20 4.7 0.0054 0.97 6.57 0.009 0.98 

30 19.3 0.020 0.67 6.75 0.024 0.99 
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40 3.86 0.0054 0.91 7.38 0.019 0.99 

50 16.5 0.019 0.50 4.53 0.021 0.98 

 

 

Fig. 5 Graph shown initial and final pH after 48 h 

 

 

Fig. 6 Different Isotherm model for MB and MO showing Langmuir (a) plot against Ce and Ce/Qe, Freundlich (b) plotted 

against LnCe/LnQe, Temkin (c) plotted between LnCe and Qe, Dubinin-Radushkevich (d) between €0 and Ln 

 

3.5 Thermodynamics 

The adsorption process was accomplished at different 

temperature that is 25⁰C, 35⁰ 45⁰C and 55oC to better 

understand the impact of heat on adsorption of MB and MO on 

LSB. The different parameters enthalpy (∆H⁰), entropy (∆S⁰) 
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and Gibbs free energy (∆G⁰) were calculated with the help of following Eq. 11:

∆G⁰ = ∆H⁰ - T∆S⁰                                         (11) 

The positive value of ∆H⁰ (enthalpy change) predicted 

endothermic process and positive value of ∆S⁰ (entropy 

change) revealed the randomness and high stability without any 

structural change (Navarathna et al., 2019; Mishra et al., 2019). 

Spontaneous adsorption of dyes were confirmed by the 

negative value of ∆G⁰ (gibb’s free energy) and the decreasing 

trend of value with an increasing the temperature, it is good 

indication that the adsorption process is favourable (Quansah et 

al., 2020). The value of ∆H⁰ more than 40 KJ/mol incase of 

MB, it is characterized by strong bond and is the indication that 

the process the chemisorption whereas incase of MO value of 

∆H⁰ is less than 40 KJ/mol which indicated the process is 

physisorption and there is weak bonding (Table 4) between 

adsorbent and adsorbate (Tonucci et al., 2015; Ghosh et al., 

2021). By the help of Fig. 8 the value of thermodynamics 

values were calculated which again confirmed interaction 

between adsorbent and adsorbate molecules. In Fig. 8 (C) graph 

was plotted against LnKC and 1/T which does not pass through 

the origin at each concentration which exhibited that intra-

particle diffusion not only the rate-limiting factor (Gautam et 

al., 2018). The values were calculated using Eq.12. 

Qt = Kit1/2+C                                    (12) 

where C is related to boundary layer effect and Ki is 

intraparticle diffusion constant and graph is plotted against 

lnKc and 1/T. 

4. Mechanism showing interaction 
Fig. 9 shows the mechanism related to the adsorption of MB 

and MO on surface of LSB. The adsorption occurs due to 

different interaction between the surface of biochar and MB 

and MO. Hydrogen bond, complexation of surface, 

electrostatic interaction are major interaction mechanism was 

involved for the adsorption of dyes onto LSB. Hydrogen 

bonds were formed between hydroxyl group present on the 

LSB and dyes molecules (Modwi et al., 2022). Due to 

negatively charged hydroxyl group and positive charge 

present on the surface of dye cause strong electrostatic 

attraction which exhibited high removal of pollutants. The 

rough surface of material enhanced the rate of adsorption as 

confirmed by SEM (Sirajudheen et al., 2020; Ghosh et al., 

2021). Adsorption process of dye onto biochar surface is 

strongly bounded by electrostatic interaction which is again 

confirmed because the adsorption process is well fitted in 

pseudo-second order as shown in Table 3 (Vigneshwaran et 

al., 2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. (A) and (B) showing pseudo-first order for MB and MO respectively plotted between time and log (Qe-Qt), (C) and 

(D) showing PSO for MB and MO removal, respectively formed against time t and t/Qt 
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Table 4 Thermodynamics parameter show enthalpy change, entropy and Gibb’s free energy 

Adsorbates Parameters of thermodynamics 

Temperature (K) ∆G⁰(KJ/mole) ∆H⁰(KJ) ∆S⁰(KJ) 

MB 298 -61.99 54.09 0.208 

 308 -64.08   

 318 -66.16   

MO 298 -13.3 9.12 0.447 

 308 -13.7   

 318 -14.2   

5. Conclusion 

From the study it can be presume that LSB is a highly effective 

adsorbent for removing MB about 95% and MO about 93% 

from its aqueous solution. There was no major effect of pH was 

observed on the percentage removal of MB and MO by LSB. It 

was observed that the removal was impacted by high 

concentration of dyes, when the concentration of dyes was 

increased then the removal percentage was decreased. 

Langmuir isotherm was best fitted than Freundlich, Temkin and 

D-R isotherm. In case of MB, adsorption process was followed 

both the kinetics model whereas in case of MO pseudo-second- 

order fitted well. The value of enthalpy was found to be higher 

for MB which indicates strong bonding between LSB and MB 

but In case of MO the value of enthalpy was observed less 

which is a sign of weak bonding (physisorption) between LSB 

and MO molecule. Negative value of ∆G⁰ confirmed the 

spontaneous possibility of adsorption process. The adsorption 

capacity was found to be higher incase of MB than that of MO 

which confirmed the LSB is very effective adsorbent to remove 

cationic dye than that of anionic. 

 

Fig. 8 (A) and (B) predicted intraparticle- diffusion model for MB and MO, respectively, (C) represent effect of enthalpy 

change, entropy and gibb’s free energy on adsorption process for MB and MO. 
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Fig. 9 Mechanism showing the interaction between dye molecule and LSB 
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