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Abstract 

This worked is aimed at studying the thermodynamic and kinetic adsorption of methyl orange (MO) onto activated carbon (AC) 

obtained from Neem oil cakes (NOC). The ACs were synthesized by chemical activation of Neem oil cakes with H3PO4 of 2, 5 

and 10 percent (respectively labeled AC-2, AC-5, and AC-10) followed by pyrolysis at 450°C for 1 hr. Various characterizations 

of the synthesized ACs include Fourier Transformed Infrared spectroscopy FTIR, microstructural and elemental analyses 

(SEM/TEM, EDS), pHPZC, moisture content, and iodine and methylene blue adsorption methods were used to determine the 

surface area. The ACs were employed to adsorb methyl orange (MO) from a synthetic aqueous solution. The results obtained 

show that: pHPZC was less than 7, indicating that the three activated carbons have predominantly acidic surface. The adsorbents 

AC-5 and AC-10 have microporous and mesoporous structures respectively, with respective specific surface area by iodine 

adsorption (SI2) method estimated to be around 688.45 and 689.70 m2/g. The adsorption of MO was pH dependent, with an 

optimal adsorption at pH =2. The EDS results confirm that these adsorbents are primarily composed of carbon. Results from 

kinetic studies showed that the adsorption process followed a pseudo second order kinetic model. The experimental data from 

the equilibrium adsorption of MO on the ACs showed the best fit with the Langmuir isotherm, suggesting monolayer adsorption. 

Maximum adsorption capacity of 232.558 mg.g-1 was obtained for AC-10. These results show that the adsorption of MO is 

spontaneous and endothermic. Chemisorption is the predominant mechanism for MO removal on AC-2, AC-5, and AC-10. 
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1. Introduction 

The presence of colored dyes in effluents in aqueous environ-

ments decreases sunlight penetration, which affects aquatic 

ecosystems due to reduced photosynthesis. These dyes in the en-

vironment come from the discharge of wastewater from the 
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textile, car, food, paint, cosmetics, and rubber industries [1-4]. 

Some of the dyes discharged to the environment are non-biode-

gradable and therefore, harmful to living organisms [5-8]. 

Among these dyes, methyl orange is a widespread water pollutant 

and is the focus in this study. Methyl orange (MO) is a widely 

used in the textile industry and also as an indicator in laboratory 

titrations. These activities discharge MO in wastewater which are 

among the biggest pollutants in groundwater. MO is considered 

a recalcitrant environmental pollutant due to it being non biode-

gradable, has carcinogenic and mutagenic harmful effects to hu-

mans and aquatic life [9]. Due to its toxicity, the disposal of MO 

to the environment is of great concern. Therefore, it is necessary 

to decontaminate waste water before discharge to the environ-

ment. In recent years, different physicochemical techniques have 

been reported for removing contaminant dyes from wastewater, 

including ion exchange, photocatalysis, reverse osmosis proce-

dures, coagulation/flocculation, filtration, oxidation and adsorp-

tion [10-17]. Among these techniques, adsorption shows ad-

vantages over the other techniques including simplicity of design, 

low cost and high efficiency [18]. Several natural and agricultural 

adsorbents have investigated for removal of dyes in waste water 

such as zeolites [19], sawmill waste [20], pea shell waste [21] and 

clay minerals [22]. However, raw lignocellulosic wastes utilized 

as adsorbents generally show very low adsorption capacity. Their 

transformation into activated carbon (AC) improves the textural 

properties notably increased specific surface area and chemical 

properties which results in improved adsorption. Thus, ACs have 

extensive adsorption capability and are used in the elimination of 

various compounds from wastewater such as organic dyes, heavy 

metals, pharmaceuticals and gaseous pollutants [23]. 

There is continuous effort to minimize the cost of treatment 

of polluted effluents. One effective way is to use lignocellulose 

waste materials as precursors for synthesizing activated carbons 

which offers several advantages being their low cost, abundant 

availability, non-toxicity and renewable nature. Neem oil cake 

(NOC) is a byproduct derived from Neem seeds after crushing 

to obtain oil. The present study is aimed at converting Neem oil 

cakes into low cost activated carbon by chemical activation us-

ing H3PO4 followed by pyrolysis in order to improve the adsor-

bent properties for effluent treatment processes. The thermody-

namic and kinetic studies on adsorption of methyl orange (MO) 

in aqueous solution by activated carbon (AC) from Neem oil 

cakes (NOC) were conducted. Various parameters in the ad-

sorption process including dye concentration, pH, particle size, 

contact time, adsorbent dosage, agitation speed and temperature 

were optimized. The experimental equilibrium adsorption data 

of MO on the ACs showed a good fit with the Langmuir iso-

therm and the kinetic analysis showed a pseudo second order 

kinetic model. 

2. Experimental 

2.1. Chemicals 

Analytical grade Iodine (I2, 99%), potassium iodide (KI, 

99.5%), sodium thiosulfate (Na2S2O4, 99%), phosphoric acid 

(H3PO4, 85%), hydrochloric acid (HCl, 37%), sodium hydrox-

ide (NaOH, 99%), sodium chloride (NaCl, 99.5%) were pur-

chased from Sigma-Aldrich; Methyl orange (C14H14N4NaO3S, 

99%) and methylene blue (C16H18ClN3S, 99.5%) were ob-

tained from Merck and deionized water were all used as ob-

tained without further purification. 

2.2. Precursor Pretreatment 

Neem oil cakes used in this work were collected in the Di-

amare Department in the Far North Region (Cameroon). 

Neem oil cakes were washed with distilled water to remove 

other materials found in the biomass. Then, it was dried under 

the sun for 14 days until a constant mass was obtained, 

crushed and sieved with a 100 µm sieve to obtain homogene-

ous particle distribution of the powder. Figure 1 shows the im-

ages of obtained neem oil cakes and powder after pretreatment 

respectively. 

 
Figure 1. Neem oil cakes (NOC) (a) and Neem oil cakes powder (b). 

2.3. Preparation of Activated Carbon 

A mass of 50 g of neem oil cake powder was added to 150 

mL of H3PO4 solution at different mass percentages of 2, 5 

and 10%. The suspension was stirred at room temperature for 

1 hour, then incubated at 105°C for 24 hours. The impregnate 

was calcined in an electric oven at 450°C, heating rate of 5°C 

min -1 for 1 hr. The activated carbon formed after pyrolysis 

was allowed to cool, then washed with distilled water on a fil-

ter paper until pH of around 7 was attained, and then baked at 

105°C for 24 hours. The prepared activated carbons are des-

ignated according to the mass percentage of phosphoric acid 

as AC-2, AC-5, AC-10. 

2.4. Characterization of Activated Carbon 

The synthesized carbonaceous materials were analyzed by 

different complementary methods: Fourier Transformed In-

frared spectroscopy (FTIR), pH of zero charge point, humidity 

level, iodine and methylene blue numbers, Scanning Electron 

Micoscopy, (SEM) and Energy Dispersive X-ray Spectros-

copy (EDS). 

Fourier Transform Infrared spectroscopy (FTIR) was 
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performed using a spectrophotometer Brûker alpha-P in the 

wavenumber range from 4000 to 400 cm-1. 

SEM and EDS analyses were performed using a TESCAN 

VEGA 3-LMU device running at 8 kV. Prior to the analysis, 

a small amount of the samples were pressed on aluminum 

stubs and coated with a thin layer of gold to make them con-

ductive. 

The microporosity of the materials was determined using 

the iodine number (II2) method according to the protocol de-

scribed elsewhere [24]. For each sample, 0.2 g was added to 

20 mL of 0.02 N iodine solution (I2) while stirring for 1 hr at 

room temperature. Then, the solution was filtered and 10 mL 

of the filtrate was titrated with 0.1 M sodium thiosulfate 

(Na2SO3) solution using starch as indicator till a colorless so-

lution was formed. The iodine number (II2, mg/g) was calcu-

lated by Eq (1). 

II2 = 
(Co−

Cn×Vn
2VI2

)MI2× Vads

 mads

              (1) 

where Vn is the volume of sodium thiosulphate (mL) with con-

centration Cn (mol/L), C0 is the initial concentration (mol/L) 

of iodine solution, VI2 is the volume of iodine added (mL), 

MI2 is the molar mass (g/mol) of iodine, Vads represents the 

adsorption volume (mL), and mads is the mass of the adsorbent 

(g). 

From the mass of iodine adsorbed at equilibrium per gram 

of activated carbon (Qe) the specific surface area ios deter-

mined according to equation (2): 

𝑆12 =
𝑄𝑒𝜎𝑁𝐴

𝑀12
(𝑚2 ∙ 𝑔−1) = 1.28 × 105𝑄𝑒(𝑚2 ∙ 𝑔−1)   (2) 

where σ is the area occupied by an iodine (σ = 0.213 nm2), NA 

is the Avogadro’s constant (6.023.1023mol-1) and MI2 is the 

molar mass of iodine (g/mol). 

The mesoporosity of the materials was evaluated by the 

methylene blue adsorption tests using the protocol described 

in [24]. For each sample, 0.2 g was introduced into 50 mL of 

100 mg/L methylene blue (MB) solution. The mixture was 

stirred at room temperature for 2 hours. Then, the concentra-

tion of residual MB in the filtrate was determined with a UV-

visible spectrophotometer (SCHOTT Instrument) at 660 nm. 

The adsorbed amount (Qe, mg/g) was calculated using equa-

tion (3): 

Qe = 
(Co−Ce) V

 mads
                     (3) 

where Co and Ce represent the MB initial and equilibrium con-

centrations (mg/L) respectively, mads is the mass of AC in 

grams, and V denotes the volume of MB solution (mL). 

The amount of MB adsorbed at equilibrium (Qe) allows the 

estimation of the specific surface area (SSA) of the sample 

covered by the MB (SMB) molecule according to equation (4): 

𝑆𝑀𝐵 =
𝑄𝑒𝐴𝑚𝑁𝐴

𝑀𝑀𝐵
                     (4) 

where Am is the molecular surface area, (Am = 1.30 nm2), Avo-

gadro constant, NA = 6.023.1023mol-1 and MMB is the molar 

mass of MB (g/mol). 

The water content in the AC was determined as follows: a 

mass of 0.5 g of activated carbon was weighed and introduced 

into a ceramic crucible. The crucible and AC were weighed, 

then put in an oven at a temperature of 105°C for 3 hours. The 

crucible and its content were then allowed to cool, and then 

reweighed. 

The pH of zero-point charge (pHZPC) was determined us-

ing the pH-drift method [25]. 50 mL, 0.1 M NaCl solution was 

put into various conical flasks and the pH of each solution was 

adjusted using 0.1 M HCl or NaOH. Initial pH (pHi) values 

from 1 to 11 were utilized. 0.2 g of each carbon material (that 

is AC-2, AC-5, AC-10) was then added to the NaCl solutions, 

the flasks were each covered and stirred at room temperature 

for about 10 hours. Then, the pH of the final solution (pHf) 

was measured. The pHZPC is the pH at the point where the 

curve ∆pH = (pHf – pHi) = f(pHi) intercepts the x-axis (pHi). 

2.5. Adsorption of Methyl Orange on the 

Synthesized AC Materials 

The yield for the removal of methyl orange (MO) was de-

termined by performing batch adsorption by adding 0.1g of 

the AC adsorbent to 30 mL of methyl orange solution of 

known concentration. The suspension was stirred using a 

magnetic stirrer at room temperature for a fixed time, then fil-

tered using a filter paper and the analyte concentration in the 

filtrate was determined using UV-Visible spectrophotometer 

at a wavelength of 465 nm. The adsorption capacity (mg/g) 

and the removal yield (%) were calculated using equations (5) 

and (6) respectively [26]. 

Qe = 
𝐶0−𝐶𝑒

𝑚
x V                   (5) 

Rd (%) = 
𝐶0−𝐶𝑒

𝐶0
x 100                (6) 

Where C0 (mg.L-1) and Ce (mg.L-1) are the Initial and Re-

sidual concentrations of MO respectively, m (g) is the mass of 

adsorbent and V (mL) the Volume of solution of MO. 

The adsorption isotherms were obtained by fitting the ex-

perimental data to the Langmuir [27, 28] and Freundlich [29] 

models. The linear form of Langmuir model is presented of 

equation (7). 

1

𝑄𝑒
=

1

𝐾𝐿𝑄𝑚𝑎𝑥𝐶𝑒
+

1

𝑄𝑚𝑎𝑥
                (7) 

where Qe is quantity of adsorbed solute (mg/g), Qmax is maxi-

mum theoretical adsorption capacity (mg/g) and KL is the 

Langmuir’s constant of adsorption at equilibrium (L/mg). 
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The parameter KL and Qmax are determined from the plot 
1

𝑄𝑒
 

= f (
1

𝐶𝑒
). 

The viability of an adsorption can still be defined from the 

dimensionless separation factor RL (Equation (8)): 

RL=
1

1+𝐾𝐿𝐶𝑂
                     (8) 

In the linear form, Freundlich model is given by the expres-

sion (9): 

Log(Qe) = log (KF) + 
1

𝑛𝑓
 log (Ce)           (9) 

where nf is a constant indicating the intensity of adsorption, 

and KF is Freundlich’s Constant (𝑚𝑔1−(
1

𝑛
)
.𝐿1/𝑛.𝑔−1). 

The general forms of pseudo-first order [30, 31], pseudo-

second order [32, 33] and intraparticle diffusion [34] kinetic 

models are defined respectively by equations (10), (11) and 

(12). 

( )11 k t
t eq q e= −                 (10) 

where 𝐾1 is the rate constant (min-1); q𝑒 is the quantity ad-

sorbed at equilibrium (mg.g-1); q𝑡 is the quantity adsorbed at 

time t (mg.g-1). 

𝑡

𝑄𝑡
 =

1

𝐾2𝑄𝑒
2  +

1

𝑄𝑒
 𝑡                   (11) 

𝐾2 is the rate constant (g.mg-1.min-1), q𝑒 is the quantity ad-

sorbed at equilibrium (mg.g-1), q𝑡 is the quantity adsorbed at 

time t (mg.g-1). 

1/2
idtq k Ct= +                 (12) 

where Kid is intraparticle diffusion rate constant (mg.g-1.min-

1/2), 𝐶 is the ordinate from the origin and gives information 

about the thickness of the diffusion boundary layer, q𝑡 is the 

quantity adsorbed at time t (mg.g-1). 

Chemisorption and physisorption can be differentiated by 

measuring the heat (enthalpy) of adsorption and it also pro-

vides information on the feasibility and spontaneity of the ad-

sorption process. The three thermodynamic parameters 

namely the Gibbs free energy change (ΔG), the enthalpy 

change (ΔH) and the entropy change (ΔS), have been deter-

mined with the help of equations (13) at (16) [35-37]. 

∆𝐺 = −𝑅𝑇𝐿𝑛𝐾𝑐                 (13) 

𝐾𝑐 = 1000𝐾𝑑                    (14) 

𝐾𝑑 =
𝑞𝑒

𝐶𝑒
                       (15) 

𝐿𝑛𝐾𝐶 =
∆𝑆

𝑅
−

∆𝐻

𝑅𝑇
                   (16) 

where Kc is the equilibrium constant, T is the temperature (K), 

and R is the Universal Molar gas constant (8.314 J.mol-1.K-1), 

Ce is the concentration of adsorbate at equilibrium solution 

(mg.L-1) and qe is the quantity adsorbed at equilibrium (mg.g-

1), Kd is the distribution coefficient (L.g-1) and the density of 

water is 1000 g.L-1. 

3. Results and Discussions 

3.1. FTIR Spectra of NOC, AC-2, AC-5 and 

AC-10 Materials 

The FTIR spectra of NOC, AC-2, AC-5 and AC-10 ob-

tained are shown in the Figure 2. 

 
Figure 2. FTIR spectra of NOC, AC-2, AC-5 and AC-10. 

From Figure 2, a broad band around 3276 cm-1 is observed 

for the FTIR spectrum of NOC which corresponds to –OH 

stretching vibration of surface hydroxyl groups and adsorbed 

water molecules [38]. The band around 2924 cm-1 is ascribed to 

the –CH3 stretching vibration of alkyl groups [38]. The bands at 

1743, 1631, 1514, and 1240 cm-1 correspond to the C=O vibra-

tion of carbonyl groups, the C=C or C=N vibration of olefinic 

or aromatic groups, and the C=O vibration of alcohols, respec-

tively [38-40]. The peaks at 1046 and 527 cm-1 may be at-

tributed to C–O bond bending and C–H stretching vibrations 

respectively of meta- and para-disubstituted benzene [38-40]. 

Finally, the band around 1100 cm-1 may be attributed to the K-

O or Ca-O bond stretching vibrations [39]. The FTIR spectra of 

AC-2, AC-5 and AC-10 (Figure 2) show the disappearance and 

reduction of several absorption bands on the NOC precursor, 

respectively. The calcination of NOC induced the aromatization 

of the carbons in the raw material via the Diels-Alder reaction, 

with the disappearance of most oxygenated functional groups 

between 290 and 350°C [39]. This is because certain surface 

functional groups present in the precursor are oxidized during 
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the pyrolysis process or the increase in carbonization tempera-

ture [39]. This may explain the structural changes observed in 

the raw material during the preparation process. 

3.2. Determination of pH at the Zero-point 

Charge 

Table 1 presents the pH at the zero-point charge (pHZPC) 

for the different ACs. 

Table 1. pH at zero-point charge for AC-2, AC-5 and AC-10. 

Activated carbon AC-2 AC-5 AC-10 

Phzpc 4.7 5.5 5.3 

It is observed that the pH values at zero-point charge 

(pHZPC) of the synthesized activated carbons (Table I) were 

all less than 7. This confirms that the surface of these three 

materials is predominantly acidic. This could be explained by 

the fact that during chemical activation, oxidation introduces 

surface oxygen content. This could enhance the acidic func-

tionalities of the materials [41]. Furthermore, the determined 

pHZPC values of the adsorbents (Table 1) imply that in solu-

tions with a pH > pHZPC, the surface of the materials has a 

negative charge, while for pH < pHZPC, the surface has a pos-

itive charge [41]. The pHZPC values are consistent with the 

results of the FTIR analysis. 

3.3. Surface Area Calculation by Iodine and 

Methylene Blue Numbers Method 

The measured and calculated parameters of the methylene 

blue and iodine adsorption tests on activated carbons prepared 

from neem oil cake (NOC) are presented in Table 2. 

Table 2. Methylene Blue and Iodine Numbers of AC-2, AC-5, and AC-10. 

Activated carbon AC-2 AC-5 AC-10 

Methylene Blue Number (IMB, mg. g-1) 98.29 99.80 99.83 

Specific Surface Area (SMB, m2. g-1) 60.60 61.15 62.15 

Iodine Number (II2, mg. g-1) 430.45 684.50 686.24 

Specific Surface Area (SI2, m2. g-1) 435.19 688.45 689.70 

 

From Table 2, both methylene blue and iodine values in-

crease with increasing H3PO4 concentration. The specific sur-

face area of the prepared ACs also increases. The increase in 

porosity with increasing impregnation rate suggests that the po-

rosity created by the activating agent is due to the free spaces 

left by H3PO4 after leaching. The final washing and drying steps 

remed any residual activating chemicals leaving a carbonized 

sample with accentuated porosity. The iodine values obtained 

in this work for ACs obtained from phosphoric acid-activated 

neem oil cakes are within the range of iodine values for com-

mercial activated carbons (500–1500 mg/g), according to 

ASTM D4607, except for AC-2. These iodine values are higher 

than those of other commercial activated carbons [42, 43]. 

Therefore, the prepared activated carbons are of good quality 

and can be used as adsorbent for water and sugar dechlorination, 

taste and odor removal, and wastewater treatment. Conse-

quently, neem oil cakes are suitable precursors to prepare high-

quality porous activated carbons. 

3.4. Moisture Content 

The experimental results for the moisture content of the 

ACs obtained from neem oil cake are presented in Table 3. 

Table 3. Moisture Content of AC-2, AC-5, and AC-10. 

Activated carbon AC-2 AC-5 AC-10 

Moisture Content (%) 2.7 2.5 2.3 

Table 3 shows that the prepared activated carbons have low 

water contents (less than 10%). These low values indicate that 

activated carbons prepared from neem oil cakes could have high 

carbon contents. Indeed, a low water content indicates good qual-

ity AC, and thus promotes contaminant adsorption. The values 

obtained, compared to those in the literature (9.94%), show that 

neem oil cakes is a suitable precursor for activated carbons [44]. 

3.5. Results of EDS Analysis 

The elemental analysis of the samples AC-2, AC-5 and AC-

10 are shown in Figure 3. 
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Figure 3. EDS analysis of AC-2, AC-5 and AC-10. 

From Figure 3, the most abundant peaks observed for the 

three adsorbent materials (AC-2, AC-5 and AC-10) are from 

carbon, oxygen and phosphorus. The EDS spectra of the three 

activated carbons indicate an estimate of 60% by mass of the 

other elements apart from carbon. The mass percentage of car-

bon would therefore be 40% for each of these activated car-

bons. There is a high content of surface oxygen. However, ac-

cording to these graphs, the oxygen percentages are ranked in 

the following order: AC-5> AC-10> AC-2. Such results con-

firm that these adsorbents are primarily composed of mainly 

carbon with some surface oxygen groups. Furthermore, the 

variation of the percentages by mass of oxygen for the samples 

AC-2, AC-5 and AC-10 shows that the use of phosphoric acid 

during the chemical activation of the plant material would 

have resulted in a more intense oxidation of surface functional 

groups of AC-5. The activation of 5% would therefore be the 

threshold percentage allowing the best chemical activation of 

the precursor under these synthesis conditions. These results 

confirm those obtained from IR analysis and pHzpc determi-

nation. 

3.6. SEM/TEM Analyses 

 
Figure 4. SEM analysis of AC-2, AC-5 and AC-10. 
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Figures 4 and 5 present the SEM and TEM micrographs respectively of activated carbons indicating the detail studies of the 

surface morphologies. 

 
Figure 5. TEM analysis of AC-2, AC-5 and AC-10. 

A heterogeneous surface is observed from the SEM for the 

three activated carbons, which could be explained by their 

amorphous nature. It can also noticed that the three adsorbents 

show porous microstructures with the porosity levels in the 

order: AC-2<AC-5<AC-10. However, activated carbons ex-

hibit almost similar levels of porosity, with pores clogged by 

aggregates of activated carbon particles. The pore diameters 

in AC-10 are greater than those of AC-5. This observation is 

supported by TEM analysis, which shows that the three adsor-

bents have spherical pores blocked in a few places, with diam-

eters ranked in the following order: AC-10>AC-2>AC-5. AC-

5 exhibits a diverse porosity consisting of mesospores and 

macropores. This result is consistent with those provided by 

the porosity indices [45]. 

3.7. Results of MO Adsorption on the 

Synthesized Activated Carbons 

The adsorption test of methyl orange, MO on the synthe-

sized AC-2, AC-5, and AC-10 was evaluated based on several 

operational parameters, including contact time, initial MO 

concentration, pH of the MO solution, and temperature. 

3.7.1. MO Adsorption Kinetics on Activated Carbon 

Figure 6 illustrates the evolution of MO removal with time 

on AC-2, AC-5, and AC-10. 

 
Figure 6. Influence of MO contact time on AC-2, AC-5, and AC-10. 

The adsorption of MO onto AC-2, AC-5, and AC-10 is ob-

served from Figure 6 to be rapid at the beginning of the pro-

cess, from 0 to 20 min, then gradually slows down and finally 

reaches equilibrium after 60 min. The rapid adsorption ob-

served during the initial phase is due to the large number of 

available vacant sites on the surface of AC-2, AC-5, and AC-

10. The equilibrium state is due to repulsive forces between 
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the MO dye adsorbed onto the surface of AC-2, AC-5, and 

AC-10 and the solution phase, as well as the continuous satu-

ration of energetically favorable sites [39]. Based on this, the 

optimal contact time for the other experiments was adopted to 

be 60 minutes. 

The adsorption mechanism of MO on AC-2, AC-5, and AC-

10 were described by fitting the data into classical pseudo-

first-order, pseudo-second-order, and intraparticle diffusion 

kinetic models. The experimental results obtained are com-

piled in Table 4, and the graphs of the pseudo-first-order, 

pseudo-second-order, and intraparticle diffusion kinetic mod-

els are shown in Figures 7, 8, and 9, respectively. 

Table 4. Kinetic parameters of MO adsorption on AC-2, AC-5, and AC-10. 

Models Parameters AC-2 AC-5 AC-10 

pseudo-first-order 

R2 0.751 0.804 0.889 

K1 (𝑚𝑖𝑛−1) 0.013 0.039 0.045 

Qe(th) (mg. g-1) 1.411 2.253 1.060 

Qemax (exp) (mg. g-1) 29.675 29.756 29.729 

∆𝑞 (mg. g-1) 20.694 27.503 28.669 

t1/2 (min) 52.900 17.960 15.400 

pseudo-second-order 

R2 0.999 0.999 0.999 

K2 (g. mg-1. min-1) 0.036 0.042 0.036 

Qe (th) (mg. g-1) 29.670 29.940 29.586 

Qemax (exp) (mg. g-1) 29.675 29.756 29.729 

∆𝑞 (mg. g-1) 0.009 0.184 0.143 

h (mg. g-1. min-1) 31.690 37.650 31.646 

t1/2 (min) 0.920 0.800 0.935 

intraparticle diffusion 

R2 0.845 0.952 0.902 

Kid ((mg. g-1).𝑚𝑖𝑛−1/2) 0.114 0.153 0.050 

I (mg. g-1) 28.233 28.182 28.538 

 

 
Figure 7. Pseudo-first-order kinetic model of MO adsorption on AC-

2, AC-5 and AC-10. 

 
Figure 8. Pseudo-second-order kinetic model of MO adsorption on 

AC-2, AC-5 and AC-10. 
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Figure 9. Intraparticle diffusion kinetic model of MO adsorption on 

AC-2, AC-5 and AC-10. 

According to the pseudo-first-order kinetic model, Table 4 

shows unsatisfactory correlation coefficients (R2 ≤ 0.889), in-

dicating poor correlation (Figure 7), there is a large relative 

discrepancy (Δq ≥ 20) indicating non-conformity between ex-

perimental and theoretical values, a low kinetic rate constant 

(K1 ≤ 0.045 min-1), and long half-life (t1/2 ≥ 15.40 min). There-

fore, the pseudo-first-order kinetic model does not adequately 

describe the adsorption of MO onto AC-2, AC-5, and AC-10. 

Regarding the pseudo-second-order kinetic model, the results 

obtained show good linear fit of the regression lines (Figure 

8). Furthermore, Table 4 shows that the correlation coeffi-

cients are significantly better (R2 ≥ 0.999) for all three mate-

rials, and the relative differences are small (Δq ≥ 0.184), thus 

justifying the agreement between experimental and theoretical 

values. The values of (K2 ≤ 0.045 g.mg-1.min-1) are consistent 

with the increase in adsorption capacity, as well as the initial 

rate of adsorption (h ≥ 31.646 mg.g-1.min-1), as well as a short 

half-life (t¹/2 ≤ 0.935 min). The three activated carbons used 

are, in descending order of concentration, AC1/2 > AC1/1 > 

AC1/3. Considering the above, it can be concluded that the 

best description of the adsorption dynamics of organic matter 

(OM) on AC-2, AC-5, and AC-10 is by the pseudo-second-

order kinetic model. Furthermore, the large I values (I ≤ 

28.542) and low correlation coefficients (R2 ≤ 0.95) for the 

intra-particle diffusion kinetic model (Table 4) indicate that 

this model is not the sole control of the sorption rate. This is 

confirmed from the plotted curves that do not pass through the 

origin (Figure 9). 

3.7.2. Adsorption Isotherms of MO on Synthesized 

Activated Carbon 

Figure 10 presents the adsorption capacity (qe, (mg.g-1)) of 

MO on the samples AC-2, AC-5 and AC-10 at equilibrium. 

 
Figure 10. Effect of initial concentration of MO on the MO adsorp-

tion capacity on AC-2, AC-5, and AC-10. 

It can be observed from Figure 10 that an increase in the 

initial concentration of the MO dye results in a gradually aug-

mentation of the adsorption capacity (qe) without reaching 

equilibrium. This observation can be explained by the fact that 

the adsorption sites on the surface of AC-2, AC-5, and AC-10 

are not yet saturated. These results demonstrate that the syn-

thesized activated carbons, AC-2, AC-5, and AC-10 are good 

adsorbents for MO dyes and can therefore be employed for 

removal of dyes from polluted liquid effluents. 

The adsorption isotherms were described using the Lang-

muir and Freundlich models. The results for the MO adsorp-

tion isotherm parameters on AC-2, AC-5, and AC-10 are sum-

marized in Table 5, and the Langmuir and Freundlich plots are 

shown in Figures 11 and 12, respectively. 

Table 5. Adsorption Isotherm Parameters of MO on AC-2, AC-5, and 

AC-10. 

Models Parameters AC-2 AC-5 AC-10 

Langmuir 

𝑅2 0.993 0.998 0.997 

Qmax(mg/g) 81.301 207.270 232.558 

KL (L.𝑚𝑔−1) 0.062 0.061 0.266 

RL 0.151 0.154 0.040 

Freun-

dlich 

𝑅2 0.965 0.995 0.976 

Kf 

(𝑚𝑔1−(
1

𝑛
)
.𝐿1/𝑛.𝑔−1) 

13.121 16.458 17.782 

Nf 1.037 1.313 1.583 

1/nf 0.964 0.762 0.632 
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Figure 11. Adsorption Isotherm Parameters of MO on AC-2, AC-5 

and AC-10 (Langmuir). 

 
Figure 12. Adsorption Isotherm Parameters of MO on AC-2, AC-5 

and AC-10 (Freundlich). 

Table 5 shows acceptable correlation coefficient value (R2 

≤ 0.998) for the Langmuir model, and Figure 11 confirms 

good linear fit. Significant maximum capacities (Qmax ≤ 81 mg. 

g-1) are observed for MO adsorption on AC-2, AC-5 and AC-

10. Thus, the RL values (≤ 0.154), being between 0 and 1, in-

dicate that the MO adsorption process on all three activated 

carbons would be favorable. From Table 5, the Freundlich 

model shows less satisfactory values of the correlation coeffi-

cients (R2 ≤ 0.995) for MO adsorption on AC-2, AC-5, and 

AC-10. The Kf values (≥ 13 mg L2/n g) imply a high adsorp-

tion capacity and good affinity of MO for all adsorbents. It is 

worth noting that the closer the nf value is to 1, the more ho-

mogeneous the surface, meaning that all exchange sites have 

almost the same affinity for MO, and 1/nf < 0 indicates favor-

able adsorption. This could be explained by the formation of 

relatively stronger adsorbent-adsorbate bonds [46]. These 

results are consistent with the pseudo-second-order kinetic 

model. 

In light of the above, we can conclude that the Langmuir 

model better describes the adsorption of MO on AC-2, AC-5, 

and AC-10. This confirms that the adsorbent surface was more 

homogeneous. Therefore, this is a monolayer adsorption on 

active sites with similar affinities. 

3.7.3. Influence of the pH of the Solution on 

Adsorption 

The effect of the pH of the solution on the adsorption of MO 

on AC-2, AC-5 and AC-10 is shown in Figure 13. 

 
Figure 13. Influence of the pH of the MO solution on the adsorption 

on AC-2, AC-5, and AC-10. 

As observed from Figure 13, the adsorption of MO onto 

AC-2, AC-5, and AC-10 strongly depends on pH of the solu-

tion. This could be due to the anionic nature of the MO mole-

cules in the pH range (2-10). Optimal adsorption of the MO 

dye was achieved at pH 2. To better understand this dynamic, 

the pHPZC of AC-2, AC-5, and AC-10 was less than 7 (Table 

1). When pH > pHPZC, the external surface of AC-2, AC-5, 

and AC-10 is negatively charged (AC)OH–
(s), and at pH < 

pHPZC, it is positively charged (AC)H+
(s). The adsorption of 

the MO dye improved at pH < pHPZC. This condition may be 

due to the significant presnce of the force of gravity and the 

diminishing force of repulsion between the surface of AC-2, 

AC-5, and AC-10 and the MO dye [47]. The low efficiency of 

the MO dye at pH > pHPZC may be due to the presence of 

excess OH– ions competing with the dye anions (MO–) for the 

occupation of adsorption sites [47]. 

3.7.4. Thermodynamic Studies of MO on Activated 

Carbon 

Figure 14 shows a plot of the adsorption capacity qe (mg.g-
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1) of the MO dye on AC-2, AC-5 and AC-10 as a function of 

the temperature T (K). 

Figure 14 shows a proportional increase in the adsorption 

capacity with increase in temperature with optimum adsorp-

tion capacity at 338 K, indicating an endothermic process. An 

increase in the temperature results to an increase in kinetic en-

ergy of the MO molecules. This increases the number of 

interactions with the adsorption sites as well as the mobility of 

the molecules [35]. Furthermore, the solubility of the adsorbed 

molecules is affected, which ultimately has a significant effect 

on the removal process. These results corroborate with those 

reported in other studies for the removal of dyes from Cedrus 

deodara sawdust [48]. The thermodynamic parameters (ΔG, 

ΔH, and ΔS) obtained are listed in Table 6. 

 
Figure 14. Adsorption capacity qe (mg.g-1) of AC-2, AC-5, and AC-10 vs temperature. 

Table 6. Thermodynamic parameters ΔG, ΔH, and ΔS. 

AC Temperature (K) ∆G (kJ.mol-1) ∆H (kJ.mol-1) ∆S (kJ.mol-1) 

AC-2 

308.150 -8.010 

0.253 0.027 

318.150 -8.278 

328.150 -8.546 

338.150 -8.814 

348.50 -9.082 

AC-5 

308.150 -12.191 

0.744 0.042 

318.150 -12.612 

328.150 -13.031 

338.150 -13.451 

348.150 -13.871 

AC-10 

308.150 -11.765 

0.680 0.040 

318.150 -12.169 

328.150 -12.573 

338.150 -12.976 

348.150 -13.380 

 

From Table 6, negative ΔG values are observed which indicate a spontaneous process and favorable adsorption 
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process [9]. There is a reduction in ΔG values with increase in 

temperature, indicating an increase in the frequency and spon-

taneity of adsorption at higher temperatures. Positive ΔH val-

ues from Table 6 is an illustration of an endothermic adsorp-

tion process for MO. The values of ΔH indicate that chemi-

sorption is the predominant mechanism for the elimination of 

MO on AC-2, AC-5 and AC-10. There is an increase in ran-

domness at the solid/solution interface during the adsorption 

reaction of MO onto AC-2, AC-5, and AC-10 as observed by 

the positive ΔS values, as well as an increase in the adsorbent's 

affinity for the MO dye. 

4. Conclusion 

The main objective of this study was the thermodynamic 

and kinetic study of the adsorption of methyl orange onto ac-

tivated carbon prepared from Neem oil cakes. Results ob-

tained show that pHPZC was less than 7 which indicates that 

the three activated carbons AC-2, AC-5, and AC-10 have a 

predominantly acidic surface. Adsorbents AC-5 and AC-10 

possess highly microporous and mesoporous structure, with 

the estimated specific surface area per iodine (Si2) adsorption 

being 688.45 and 689.70 m2/g respectively. Experimental re-

sults show that organic matter (MO) adsorption is dependent 

of the solution pH, with an optimal adsorption at pH of 2. The 

adsorption kinetics were found to follow a pseudo second or-

der kinetic model with a determination coefficient (R2) of 

0.999. The Langmuir isotherm provides the best fit for the ex-

perimental data, suggesting monolayer adsorption. Maximum 

adsorption capacity of 232.558 mg.g-1 was achieved for AC-

10. The adsorption of MO onto ACs is a spontaneous and en-

dothermic process. Chemisorption is the predominant mecha-

nism for the elimination of MO from aqueous solutions by 

AC-2, AC-5 and AC-10. 

Abbreviations 

AC Activated Carbon 

NOC Neem Oil Cakes 

MO Methyl Orange 

MB Methylene Blue 

FTIR Fourier Transform Infrared 

SEM/EDS Scanning Electronic Microscopy Coupled 

Energy Dispersive X Ray 

∆ G Free Enthalpy Variation 

∆ H Enthalpy Variation 

∆S Entropy Variation 
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