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The adsorption of Methylene Blue (MB) onto Raw Date-palm Seeds (RDS), Thermally Activated Carbon (TAC), 
Chemically Activated Carbon (CAC), Goethite (GT) and their Composite (COM) were studied using batch 
equilibrium technique. Variations of sorptive properties such as initial solution concentration, pH, adsorbent 
dosage, contact time and temperature had a remarkable influence on the adsorption processes. The data 
fitted well tested isotherm models in the order; Langmuir (R2 = 0.942 and 0.963) > Freundlich (0.886 and 
0.948) > Temkin (0.869 and 0.83) for GT and COM respectively. That of CAC and TAC was best described by 
Freundlich and Langmuir models respectively while RDS showed very poor fittings. Pseudo-second order and 
film diffusion models best described the adsorption kinetics. The adsorption was feasible, spontaneous (∆G 
< 0) and exothermic (except MB-CAC with ∆H being positive). The combined results of isotherm, kinetics and 
thermodynamic studies suggested a combined chemisorptions and physisorptions processes. Also, the 
kinetic modeling suggested that intra-particle and film diffusions occurred simultaneously and/or in 
combination with other processes in the mechanism of adsorption. 
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1. INTRODUCTION

Environmental pollution has become increasingly prominent with 
continuous growth in technology across the globe (Luo et al., 2019). The 
discharge of dye effluents from industries such as textiles, leather, food, 
polymers, pharmaceutical, and cosmetics into the water system 
constitutes a major concern due to the adverse effects on human and 
aquatic lives (Zargar et al., 2011; Elmorsi et al., 2019). Some health 
complications associated with ingestion of dye polluted water include 
shock, diarrhea, jaundice, allergies, skin irritation, or different tissue 
changes etc. (Luo et al., 2019; Saini, 2017).  

Treatment of dye effluents constitutes a significant environmental issue 
because synthetic dyes are known to have complex aromatic structures 
which offer them inertness and non-biodegradability (Zargar et al., 2011; 
Mohamed and Ahmed, 2017; Funtua and Ugbe, 2015). However, many 
techniques such as advanced oxidation, flocculation, biodegradation, 
photo-degradation, electrodialysis, membrane filtration, and adsorption 
have been developed and applied in the treatment of dye effluents (Sajab 
et al., 2011; Arunachalam et al., 2018; Ansari and Mosayebzadeh, 2010; 
Elmorsi, 2011; Ardalan, 2014). Adsorption is one of the most popular 
methods amongst these because of their low cost, high efficiency and ease 
of handling (Anirudhan and Rejeena, 2015).  

The date palm (Phoenixdactylifera), a tropical and subtropical tree that is 
now much available mostly in the North-west and North-eastern parts of 
Nigeria can be traced back to the Middle East and North Africa where it 
was sourced (Abdullahi et al., 2015; Chandrasekaran and Bahkali, 2012). 

Experiment showed that date seeds contain approximately 55-65 % of 
carbohydrates, an indication that activated carbon of high-grade can be 
obtained due to their high carbon content (Arshad et al., 2014). On the 
other hand, synthetic goethite when compared with their naturally 
occurring counterparts has an improved purity and tailored composition 
with desired surface properties and particle size (Nayak and Rao, 2005). 
Generally, goethite (FeO(OH)) contains the hydroxyl group which makes 
it easier to bind strongly to both organic and inorganic ligands (Liu and 
Chen, 2013). It equally shows high specific surface areas and strong 
affinities for surface binding (Wang et al., 2019). 

In search of low-cost adsorbents, some researchers earlier investigated 
the adsorption properties of locally available materials such as Biochar, 
raw and roasted date seed, tea waste carbon, termite mound and goethite 
amongst others (Zhanga et al., 2020; Marouani et al., 2018; Borah et al., 
2015; Anebi et al., 2016; Ugbe and Abdus-Salam, 2020; Abdus-Salam et al., 
2020). Therefore, the adsorptive properties of date palm seeds, goethite 
and their composite for MB (Figure 1) were investigated to provide 
insights into the optimum operating conditions, feasibility and possible 
mechanism of fixation of this dye onto the various adsorbents surfaces. 

Figure 1: Chemical structure of Methylene Blue 
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2. MATERIAL AND METHODS

2.1 Preparation of the Adsorbents 

All the adsorbents used in this study were prepared according to the 
procedures and methods earlier described (Abdus-Salam and Ikudayisi, 
2017). 

2.2 Adsorbate Preparation and Calibration Curve  

The adsorbate, MB was purchased from Sigma Aldrich and used in this 
study without further purification. A 1.0 g MB was weighed into a 1000ml 
capacity volumetric flask, dissolved and made up to mark with deionized 
water to make 1000 mg/L from which other lower working 
concentrations (2, 4, 6, 8 and 10 mg/L) were prepared by the method of 
serial dilution. The absorbances of the various solutions were determined 
using the UV-Visible spectrophotometer at a wavelength of 668 nm (Utsev 
et al., 2020). A plot of absorbance against concentration referred to as the 
calibration curve was then obtained. 

2.3 Adsorption Experiment  

Batch mode adsorption studies for methylene blue (MB) were carried out 
to investigate the effect of different parameters such as adsorbate 
concentration, adsorbent dosage, pH, temperature and contact time on 
date palm seeds (RDS, TAC and CAC), GT and composite of TAC and GT 
(COM). A 20 ml each of different concentrations; 25, 50, 75, 100, 125, 150, 
175 and 200 mg/L MB were measured into separate 100 ml capacity 
conical flasks containing 0.2g RDS and agitated on an orbital mechanical 
shaker for 2 hrs. The solutions were then filtered and the resulting filtrates 
were analyzed using a UV-Visible spectrophotometer at a predetermined 
wavelength of maximum absorption (λmax) of 668nm.  

The procedure was repeated for 0.2g each of the TAC and CAC. For GT and 
COM, 15ml each of different concentrations; 10, 50, 100, 150, 200, 250, 
300 and 400 mg/L MB were contacted with 0.1g each of both adsorbents. 
The optimum concentrations of MB obtained for the various adsorbents 
were then selected for use in the subsequent experiments. Further 
experiments were conducted using the optimum concentrations to 
examine the effects of variation of initial solution pH (2, 4, 6, 7, 8, 10 and 
12), adsorbent dose (0.05, 0.1, 0.2, 0.3, 0.4 and 0.50 g), contact time (5, 10, 
20, 30, 45, 60, 90 and 120 min) and temperature (25, 30, 40, 50, 60, 70 and 
80 ºC).  

The amounts of dye adsorbed at equilibrium were determined using 

equation 1 (Ugbe and Abdus-Salam, 2020). 

qe =
V(Ci−Ce)

m
   (1) 

where,  

qe = dye amount (mg/g) taken by the adsorbent at equilibrium; 
v = volume of dye solution (L); 
Ci = initial dye concentration (mg/L); 
Ce = equilibrium dye concentration (mg/L); 
M = mass of adsorbent (g). 

The experimental results were modeled using some selected isotherm 
models (Langmuir, Freundlich and Temkin), kinetic models (pseudo-first-
order, pseudo-second-order, intra-particle diffusion and film diffusion), 
while some basic thermodynamic parameters such as Gibb’s free energy 
change (∆G), enthalpy change (∆H) and entropy change (∆S) were 
evaluated. The various equations with their parameters are presented in 
Table 1. 

Table 1: Some adsorption isotherm, kinetics and thermodynamic equations and their parameters 

Model Equation Linear plot Eqn. Author(s) 

Langmuir 𝐶𝑒

𝑞𝑒
=

1

𝑞𝑚
𝐶𝑒 +

1

𝐾𝑎𝑞𝑚
(a) 

𝑅𝐿 =
1

1+𝐾𝑎𝐶𝑂
(b) 

Ce/qe vs Ce 

Slope: 1/qm 

Intercept:  1/Kaqm 

2 (Langmuir, 1916) 

Freundlich 
𝑙𝑜𝑔𝑞𝑒 = 𝑙𝑜𝑔𝐾𝐹 +

1

𝑛
𝑙𝑜𝑔𝐶𝑒  

logqe vs logCe 

Slope: 1/n 

Intercept: logKF 

3 (Freunlich, 1906) 

Temkin 𝑞𝑒 = 𝐵𝑙𝑛𝐴 + 𝐵𝑙𝑛𝐶𝑒  (a) 

𝐵 =
𝑅𝑇

𝑏
  (b)

qe vs lnCe 

Slope: B 

Intercept: BlnA 

4 (Temkin and Pyozhev, 1940) 

Pseudo-first order ln(qe − qt) = lnqe − k1t ln(qe - qt) vs t 

Slope: -k1 

Intercept: lnqe 

2 (Lagergren, 1989) 

Pseudo- second order t

qt
=

1

k2qe
2 + (

1

qe
) t t/qt vs t 

Slope: 1/qe

Intercept: 1/k2qe2 

3 (Ho and McKay, 1999) 

Intra-particle diffusion 𝑞𝑡 = 𝑘𝑖𝑑𝑡
1

2 + 𝐶 qt vs t1/2 

Slope: kid 

Intercept: C 

6 (Weber and Morris, 1963) 

Film diffusion ln [1 −
𝑞𝑡
𝑞𝑒
] = −𝑅1𝑡 + 𝐶 

𝑅1 =
3𝐷𝑒

1

𝑟0∆𝑟0𝐾
′

ln [1 −
𝑞𝑡

𝑞𝑒
] vs t 

Slope: -Rl 

Intercept: C 

7 (Boyd et al., 1947) 

Van’t Hoff 
𝑙𝑛𝐾𝐶 =

∆𝑆

𝑅
−
∆𝐻

𝑅𝑇

𝐾𝐶 =
𝐶𝑆
𝐶𝑒

∆𝐺 = ∆𝐻 − 𝑇∆𝑆 

ln Kc vs 1/T 

Slope: - H/R  

Intercept: S/R 

8 (Ugbe et al., 2014; Al-Anber, 2011)  

Isotherms 

qe = ads capacity (mg.g-1) 

qm = monolayer ads capacity 

(mg.g-1) 

Ce = equil conc (mgL−1) 

Co = Initial conc (mgL−1) 

Ka = Reation constant describing 

affinity (L/mg) 

KF = Reaction constant reflecting 

ads capacity (L/mg) 

A = equil ads constant (L/mg) 

b = Temkin isotherm constant 

relating to heat of ads (J/mol) 

R = 8.314 J/molK 

T = Absolute temp (K) 

n = ads intensity 

Kinetics 

qe = ads capacity (mg.g-1) at equil 

k1 = pseudo 1st order rate 

constant (min−1) 

k2 = pseudo 2nd order rate 

constant (g/ mg/min) 

t = time (min) 

k2 = second-order rate constant 

(L/(mg·min)) 

Ce = conc of solute at equil 

(mg/L) 

C = describes the boundary layer 

thickness 

kid = intra-particle diffusion 

rate constant (mg/g/min1/2) 

Rl = Liquid film diffusion 

constant (min−1) 

Del = effective liquid film 

diffusion coefficient (cm2/min) 

r0   = radius of adsorbent beads 

(cm) 
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K′ = ads equil constant Δr0 = thickness of liquid film (cm)  

Thermodynamics 

H = enthalpy change (Jmol−1) 

S = entropy change (Jmol-1K-1) 

G = Gibb’s free energy change 

(Jmol−1) 

R = Molar gas constant (8.314 

Jmol-1K-1) 

T = temperature (K) 

Kc =conc equil constant 

Cs = conc of analyte on the 

adsorbent at equil (mgL-1) 

Ce = conc of analyte in bulk 

solution at equil (mgL-1) 

3. RESULTS AND DISCUSSION

3.1 Equilibrium Studies 

3.1.1 Effect of Initial Concentration 

The result of the adsorption of MB onto RDS, TAC, CAC, GT and COM at 

varying initial dye solution concentrations is presented in Figure 2 (a-b). 

Figure 2: (a) Effect of the initial concentration of MB on RDS, TAC and 

CAC; (b) Effect of initial concentration of MB on GT and COM 

It was shown in Figure 2(a-b) that the adsorption capacity, qe (mg/g) 
increased considerably with increasing initial MB concentration for all 
adsorbents. That of GT and COM increased up to 250 mg/L (optimum 
concentration) after which the adsorption falls gradually. The initial rise 
in qe was due to the high availability of adsorbate ions in solution as MB 
concentration increases, while the fall in the case of GT and COM may be 
attributed to saturation of the adsorption sites of the adsorbents at higher 
concentrations (Gholipour et al., 2011; Li and Zhai, 2020). Amongst the 
various adsorbents tested, COM exhibited the highest adsorption capacity 
for MB (23.72 mg/g). Figure 2a further showed that the thermal and 
chemical treatments in the case of TAC and CAC respectively failed to 
improve on the adsorption capacity of the date seed adsorbent while the 
compositing of GT and TAC (Figure 2b) considerably enhanced the 
adsorption capacity of the constituent adsorbents.  

3.1.2 Effect of Initial Solution pH 

The initial pH of the dye solution is a significant parameter that controls 
the adsorption processes. The adsorbent surface charge, degree of 
ionization of the adsorbate molecule, and the extent of dissociation of 
functional groups on the active sites of the adsorbent may all be influenced 
by the pH of the solution (Ramachandran et al., 2011). To observe the 
effect of pH on the extent of adsorption, therefore, solution pH was varied 
from 2 – 12 and the results were presented in Table 2 (for RDS, TAC and 
CAC) and Figure 3 (for GT and COM). 

Table 2: Summary of the percentage adsorption for the effect of pH 

on date seeds (RDS, TAC and CAC). 

Effect of pH (% adsorption) 

pH RDS TAC CAC 

2 94.40 99.79 90.47 

4 98.59 99.85 99.82 

6 99.77 99.89 99.82 

7 99.79 99.91 99.87 

8 99.79 99.91 99.88 

10 99.92 99.92 99.92 

12 99.93 99.97 99.94 

Figure 3: Effect of pH on the sorption of MB onto GT and COM 

Table 2 and the curve (Figure 3) showed only a slight influence on the 
percentage uptake for the date seed adsorbents (RDS, TAC and CAC) and a 
marked influence with a gradual rise in the uptake for GT and COM as pH 
increases from 2 to 12, indicating that alkaline medium greatly favours the 
adsorptive removal of MB. The optimum pH was therefore 12 with the 
percentage adsorption obtained for the various adsorbents as follows; 
RDS (99.93%), TAC (99.97%), CAC (99.94%), GT (87.60%) and COM 
(89.63%). The lower adsorption of MB onto GT and COM at an acidic range 
of pH was perhaps due to the presence of excess H+ ions which tend to 
compete with the dye cations for adsorption sites. At alkaline pH on the 
other hand, the surface of the adsorbents became negatively charged due 
to the presence of OH- ions, which enhances the binding of positively 
charged dye cations via electrostatic forces of attraction. However, the 
adsorption of MB onto RDS, TAC and CAC showed over 90% removal even 
in acidic pH values. This may be that at low pH, MB remains at the cationic 
and molecular form and can easily penetrate into the pores on the surface 
of the adsorbent. As the pH increases, the adsorbent surface becomes 
increasingly negative, making it favourable for the cationic dye adsorption 
(Hameed et al., 2008). As a result, the sorption of MB onto RDS, TAC and 
CAC is not only governed by electrostatic interactions but also by van der 
Waal forces of attraction, π- and other chemical interactions between MB 
and the adsorbents surfaces (Luo et al., 2019). 

3.1.3 Effect of Adsorbent Dosage  

The removal of MB at varying adsorbent loads (0.05, 0.1, 0.15, 0.20, 0.25 
and 0.5 g) was studied for the influence of adsorbent dosage on the 
adsorption efficiency. The result is as shown in Figure 4 (a-b). 

Figure 4: (a) Effect of adsorbent dosage on sorption of MB onto RDS, TAC 

and CAC; (b) Effect of adsorbent dosage on sorption of MB onto GT and 

COM 

The result of the study showed that with increasing adsorbent load, the 
amount of MB sorbed onto the unit weight of the adsorbents cuts down as 
shown by the declining curve of qe versus adsorbent dose (Figure 4a-b). 
This may be as a result of the overlapping or aggregation of adsorption 
sites, leading to a decrease in overall available adsorbent surface area and 
an increase in diffusion path length (Bahramifar et al., 2015; Gandhimathi 
et al., 2013).  

3.1.4 Effect of Contact Time 

Time has a greater influence on the adsorption process as it provides 
insight into the rate of reaction and the time the adsorption process 
reaches equilibrium (Gurani, 2015). The effect of time on the adsorption 
of MB was studied between 5 and 120 minutes at constant optimum 
concentration and pH. Figures 5a-b illustrate the adsorption of the dye at 
different time duration. 

Figure 5: (a) Effect of contact time on sorption of MB onto RDS, TAC and 

CAC; (b) Effect of contact time on sorption of MB onto GT and COM 
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The effect of time on adsorption of MB on RDS, TAC and CAC showed rapid 
uptake within 5 min with 99.622 %, 99.745 % and 98.98 % adsorption 
respectively as shown in Figure 5a. This may be due to the existence of 
highly bare and easily accessible surfaces of the adsorbents (Eman et al., 
2014). The moment of rapid uptake was followed by minimal incremental 
adsorption to equilibrium at 60 min for RDS (99.821%), 30 min for TAC 
(99.983%) and 90 min for CAC (99.924%), after which no further 
adsorption took place because of the saturation of the active sites on 
adsorbents surfaces due to prolonged time. This was also observed in the 
adsorption of binary systems of some basic dyes as reported by 
(Gandhimathi et al., 2013).  

The adsorption of MB onto GT and COM (Figure 5b) followed a similar 
trend with rapid adsorption during the first 5 min of 84.48% and 83.55% 
respectively, increasing gradually to 88.54% and 89.22% at 120 minutes. 
This showed that equilibrium was achieved at the longest time studied, 
though with very minimal difference in the rate of uptake as the time 
increases. A similar trend was reported by Kanawade and Gaikwad for 
adsorption of MB on activated carbon and water hyacinth, Oden and 
Ozdemr for MB removal using Boron ore and leach waste materials 
(Kanawade and Gaikwad, 2011; Oden and Ozdemr, 2014). 

3.2 Isotherm Study 

Equilibrium isotherm study helps in providing insight into the process 
mechanism, surface properties and affinities of the adsorbents (Dawodu 
et al., 2012). The relationship between equilibrium concentration and the 
adsorbate quantity sorbed at constant temperature is defined by the 
adsorption isotherm. It describes graphically how adsorbates interact or 
bind with adsorbents using the values of correlation coefficient (R2) and 
other parameters to determine the conformity or the suitability of the 
isotherm model in describing the experimental data (Zargar et al., 2011). 
The data generated from the variation of concentration experiment were 
tested for fitness into three common isotherm models; Freundlich, 
Langmuir and Temkin models. The result of the various isotherm 
parameters is shown in Table 3 and the best plots presented in Figure 6a-
d. 

Table 3: Summary of isotherm parameters for the sorption of MB 
onto RDS, TAC, CAC, GT and COM 

Parameters RDS TAC CAC GT COM 

qexp (mg/g) 18.983 18.365 16.753 21.946 26.561 

Langmuir 

R2 0.104 0.995 0.838 0.942 0.963 

qm (mg/g) 16.666 18.181 23.255 22.72 27.02 

KL (L/mg) 0.244 3.43 0.064 0.02 0.044 

RL (L/mg) 0.026 0.0038 0.382 0.129 0.082 

Freundlich 

R2 0.009 0.484 0.966 0.886 0.948 

n 12.345 4.716 1.937 1.464 1.818 

1/n 0.081 0.212 0.516 0.683 0.55 

KF (L/mg) 8.465 10.772 2.557 0.715 1.787 

Temkin 

R2 0.121 0.718 0.831 0.869 0.83 

A (L/mg) 45.028 346.476 1.45 0.332 0.898 

B (J/mol) 2.382 2.129 3.67 4.901 4.837 

b0 (J/mol) 1057.574 1183.251 686.414 514 520.8 

Figure 6: Adsorption isotherm plots (a) Langmuir MB-GT (b) Langmuir 

MB-COM (c) Langmuir MB-TAC (d) Freundlich MB-CAC 

The various values of regression coefficients (R2) as shown in Table 3 
revealed the order of fittings; Langmuir (0.942 and 0.963) > Freundlich 
(0.886 and 0.948) > Temkin (0.869 and 0.83) for GT and COM respectively. 
Freundlich model best described the adsorption onto CAC (R2 = 0.966) 
while the Langmuir model (R2 = 0.995) fitted perfectly MB-TAC. MB-RDS 
showed very poor fittings into the three models with values of R2 < 0.20. 
The Langmuir isotherm theory holds for monolayer adsorption onto a 
homogeneous surface having a finite number of identical sites and 
assumes the interaction between adsorbed molecules can be negligible 
(Langmuir, 1916). It equally assumes that after monolayer adsorption, the 
adsorbent surface becomes saturated (Othamana et al., 2018).  

The goodness of fits of Langmuir isotherm into MB-TAC, MB-GT and MB-
COM was further confirmed by the closeness of the respective values of 
monolayer adsorption capacity (qm) (18.181, 22.72 and 27.02 mg/g) to 
those obtained experimentally (qe) (18.365, 21.946 and 26.561mg/g). 
This is due to the homogenous distribution of the active sites on the 
surface of the adsorbents (TAC, GT and COM) and thus allowed for 
monolayer coverage. The data generated from the adsorption experiment 
were subjected to the equation of separation factor, RL to ascertain the 
favourability of the sorption process (Ugbe and Anebi, 2018). For 
favourable adsorption, 0<RL<1, while for unfavourable adsorption, RL>1 
and when RL = 0, adsorption is a linear and irreversible process (Dada et 
al., 2020). The values of the separation factor obtained in all the adsorption 
systems as shown in Table 3 are less than 1, indicating the favourability of 
the various processes. Table 4 compares the values of qm obtained from 
this study with those of other adsorbents for removal of MB. 

Freundlich isotherm model assumes multilayer adsorption, with non-
uniform distribution of adsorption heat and affinities over the 
heterogeneous surface of adsorbents (Freundlich, 1906; Ugbe et al., 2014). 
The value of n which is a dimensionless constant can depict the type of 
adsorption process. For n > 1 or n < 1 the adsorption process is by 
chemosorption or physisorption respectively (Piccin et al., 2011). The 
good applicability of the Freundlich model to MB-CAC, MB-GT, MB-COM 
and by extension to MB-TAC indicates multilayer adsorption was involved 
in the process mechanism. This is in agreement with the results obtained 
by (Ugbe et al., 2018; Boparai et al., 2010). The values of n all are greater 
than 1 as seen from Table 3, reflecting a high affinity between the dye and 
the various adsorbents and indicative of the chemisorptions process (Taha 
et al., 2009). Thus, the adsorption of MB onto CAC, GT, COM and TAC may 
proceed by multilayer adsorption on top of the already chemisorbed layer. 
The Temkin isotherm model assumes that heat of adsorption (a function 
of temperature) of all molecules in the layer would decrease linearly 
rather than logarithmically with coverage and corroborates the chemical 
adsorption process (Foo and Hameed, 2010; Temkin and Pyozhev, 1940). 
The goodness of fit of Temkin isotherm further supports the findings that 
the adsorption of MB onto TAC, CAC, GT and COM surfaces may involve a 
chemisorptions process. This is in agreement with the results obtained by 
(Shahryari et al., 2010). The Temkin constant (b0) related to the heat of 
adsorption which decreases linearly rather than logarithmically as the 
surface of the adsorbent is loaded due to adsorbent-adsorbate interaction, 
is in the order; TAC (1183.251 J/mol) > CAC (686.414) > COM (520.8) > GT 
(514), suggesting a greater interaction between the dye and the various 
adsorbents in the order; GT > COM > CAC > TAC, which corresponds to 
decrease in the heat of sorption of all molecules in the layer (Dada et al., 
2012).  

From the results of the isotherm study, it can be concluded that the 
adsorption processes of MB onto the TAC, CAC, GT and COM were 
favourable and probably proceeded by a multilayer physical adsorption on 
top of the already chemisorbed layer. The tested isotherm models could 
not describe the adsorption process of MB onto RDS and perhaps the 
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result of kinetics and thermodynamic studies could hold useful 
information concerning this. 
 

Table 4: Comparison of monolayer adsorption capacity (qm) for 

methylene blue on different adsorbent materials 

Adsorbents qm (mg/g) Author (s) 

Pumice stone 15.87 (Derakhshan et al., 2013) 

Natural Jordanian 

Tripoli 
16.6 (Alzaydien, 2009) 

Dry polymer beads 10.638 (Yadav et al., 2020) 

KOH treated 

Metroxylon spp. 
212.8 (Amode et al., 2016) 

Miswak leaves 200 (Elmorsi, 2011) 

Magnetic chitosan 

composite 
0.1308 (Jumadi et al., 2019) 

Palm branches 14.30 (Eman et al., 2014) 

AC of posidonia 

oceanica 
175.44 (Elmorsi et al., 2011) 

TAC 18.18 This study 

GT 22.72 This study 

COM 27.02 This study 

3.3 Adsorption Kinetics 

The study of kinetics in the adsorption process helps to determine the 
adsorption rate as a function of contact time, which provides information 
on the process mechanism and that is useful in determining rate-limiting 
step(s) in the mechanism of the adsorption (Eldin et al., 2016). The 
closeness to 1 of the correlation coefficient (R2) values of any kinetic plot 
indicates the goodness of fit of the applied model (Tsibranska and 
Hristova, 2011). The data obtained from the effect of time experiment was 
fitted into common kinetic models; pseudo-first-order, pseudo-second-
order, intra-particle diffusion and film diffusion models. The various 
parameters obtained and best kinetic plots are shown in Table 5 and 
Figures 7a-f respectively. 
 

Table 5: Summary of adsorption kinetic parameters for sorption of 
MB onto RDS, TAC, CAC, GT, and COM 

Parameters RDS TAC CAC GT COM 

qexp (mg/g) 14.973 7.499 2.498 33.20 33.45 

Pseudo-first order 

R2 0.364 0.757 0.873 0.978 0.971 

K1 (min-1) 0.059 0.2 0.038 0.062 0.034 

qcal (mg/g) 0.014 0.025 0.019 2.64 2.6 

Pseudo-second order 

R2 1 1 1 1 1 

K2 
(g/mg/min) 

0 0 6.153 0.069 0.036 

qcal (mg/g) 15.151 7.518 2.5 33.33 34.482 

Intra particle diffusion 

R2 0.734 0.341 0.743 0.872 0.931 

Kd 0.003 0.001 0.002 0.182 0.248 

C 14.94 7.488 2.477 31.5 30.99 

Liquid Film Diffusion 

R2 0.963 0.757 0.875 0.978 0.970 

R' 0.057 0.2 0.038 0.062 0.034 

 

 

 

 

 

Figure 7: Adsorption kinetic plots (a) Pseudo-second order for RDS, TAC 

and CAC (b) Pseudo-second order for GT and COM (c) Film diffusion for 

RDS, TAC and CAC (d) Film diffusion for GT and COM (e) intra-particle 

diffusion for RDS, TAC and CAC (f) intra-particle diffusion for GT and 

COM 

The adsorption process of MB onto  RDS, TAC, CAC, GT and COM as shown 
in Table 5 fitted pseudo-first-order kinetic model in the order; GT (R2 
=0.978)  > COM (0.971) > CAC (0.873) > TAC (0.757 ) > RDS (0.364). 
However, the theoretical values of qe (qcal) were found to be widely 
different from those obtained experimentally (qexp) for all adsorbents, 
which showed that the pseudo-first-order kinetic model could not 
describe the adsorption process of MB onto the various adsorbents. A 
similar observation was earlier reported by Arladan in the removal of MB 
onto raw date palm seeds, and other study in the use of bottom ash (an 
industry waste) for the removal of MB (Ardalan, 2014; Gandhimathi et al., 
2013). The pseudo-second-order model is based on the assumption that 
the rate-determining step may be chemical adsorption involving valence 
forces through the sharing or exchange of electrons between the 
adsorbent and the adsorbate.  
 
It is assumed that the sorption capacity is proportional to the number of 
active sites occupied on the adsorbent (Ho and Mc Kay, 1998; Zulfikar et 
al., 2013). It was observed from Table 5 and Figure 7a-b that the 
adsorption of MB onto all the adsorbent fitted perfectly into the pseudo-
second-order kinetic model, having all the correlation coefficient (R2) 
values to be 1. More so, the values of the theoretically obtained equilibrium 
sorption capacity, qcal (15.151, 7.518, 2.5, 33.33 and 34.482 mg/g) are in 
close agreement with those obtained experimentally, qexp (14.973, 7.499, 
2.498, 33.20 and 33.45 mg/g) for RDS, TAC, CAC, GT and COM respectively, 
which further supported the finding that the processes were adequately 
described by pseudo-second-order model, thus indicating that 
chemisorption was involved in the mechanism of the adsorption.  
 
This observation was in agreement with the results obtained for some 
study for the adsorption of MB using Miswak leaves and waste aqua-
cultural shell powders respectively (Elmorsi, 2011; Wen-Tien et al., 2009). 
To effectively ascertain the rate-limiting step in the mechanism of these 
adsorption processes, the intra-particle diffusion model otherwise known 
as the Weber-Morris model and the liquid film diffusion model were 
equally used in the experimental data modeling. Weber-Morris model 
assumes diffusion into the internal pores of the adsorbents (micropores 
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and mesopores) while the film diffusion model depicts the movement of 
the solute molecules from the aqueous phase to the surface of the solid 
particulates. These steps are being referred to as the mechanism of 
adsorption and cannot be explained by the kinetics of chemical reactions 
(Oladoja et al., 2008; Mittal et al., 2007).  
 
The mechanism of the adsorption of MB onto RDS, TAC, CAC, GT and COM 
was better described by the film diffusion model as shown in Table 5 and 
Figures 7c-f with the correlation coefficient (R2) values in the order; GT 
(0.978) > COM (0.970)> RDS (0.963)> CAC (0.875)> TAC (0.757). This 
showed that the rate-controlling step in the adsorption processes was the 
liquid film diffusion mechanism. However, the plots of both models failed 
to pass through the origin (Figures 7c-f). This signifies that none of the 
models is the sole rate-limiting step in the adsorption processes or that 
other processes occurred simultaneously with these two processes in the 
mechanism of the adsorption (Eldin et al., 2016). In conclusion to the 
kinetic studies of the adsorption of MB onto RDS, TAC, CAC, GT and COM, 
the adsorption could involve chemisorption process as suggested by the 
Pseudo-second order model, and that the mechanism of the adsorption 
occurred by the two processes (intra-particle and film diffusion) 
simultaneously as the rate-controlling steps or that other processes 
occurred simultaneously with these two processes in the mechanism of 
the adsorption. 

3.4 Thermodynamic Study 

The effect of temperature on the adsorption of MB on the various 
adsorbents was investigated at different temperatures (25, 30, 40 and 50 
ºC) for RDS, TAC and CAC, and 30, 40, 50, 60, 70 and 80 ºC for GT and COM, 
to calculate some thermodynamic parameters such as Gibb’s free energy 
change (ΔG), enthalpy change (ΔH) and entropy change (ΔS). The results 
are shown in Figures 8a-d and Table 6.  

 

(a) 

 

(b) 

 

(c) 

 

(d) 

Figure 8: (a) Effect of temperature on sorption of MB onto RDS, TAC and 

CAC; (b) Effect of temperature on sorption of MB onto GT and COM; (c) 

Van’t Hoff’s plot for sorption of MB onto RDS, TAC and CAC; (d) Van’t 

Hoff’s plot for sorption of MB onto GT and COM 

Table 6: Summary of the thermodynamic parameters for sorption of 
MB onto RDS, TAC, CAC, GT and COM 

Adsorption 
Thermodynamics 

Parameters 

T 
(K) 

qe 
(mg/g) 

G 
(kJ/mol) 

S 
(kJ/mol
.K) 

H 
(kJ/mol) 

MB - RDS 

298 14.9828 -16.7729 

-0.05669 -33.9627 
303 14.9815 -16.8741 
313 14.9771 -16.8676 
323 14.9484 -15.2236 

MB - TAC 

298 7.4911 -16.6827 

-0.06572 -35.2264 
303 7.4732 -14.189 
313 7.4682 -14.2018 
323 7.4669 -14.5498 

MB - CAC 

298 2.4802 -11.9746 

0.262556 65.08199 
303 2.4955 -15.9397 
313 2.4968 -17.3427 
323 2.4981 -19.2699 

MB - GT 

303 33.9315 -5.67363 

-0.01225  -9.60267  

313 33.8694 -5.81121 
323 33.6210 -5.79938 
333 33.5876 -5.95241 
343 32.3752 -5.25652 
353 31.801 -5.04557 

MB-COM 

303 33.6449 -5.45764 

-0.01536 -9.86872 

313 32.6131 -4.93951 
323 31.9347 -4.69182 
333 31.5382 -4.61195 
343 31.4484 -4.69968 
353 31.0271 -4.59958 

  
The negative values of ΔG reported for all adsorbents (Table 6) suggest the 
feasibility and spontaneity of the adsorption process for the range of 
temperature tested. A similar result was reported (Ughe et al., 2014; 
Muhammad et al., 2014; Boparai et al., 2010). The positive value of S for 
MB-CAC (Table 6) showed increased randomness at the solid/solution 
interface. The adsorbed solvent molecules, which were displaced by the 
adsorbate, gained more translational entropy than is lost by the adsorbate, 
thus allowing for the prevalence of randomness in the system [70]. An 
opposite trend was observed for RDS, TAC, GT and COM where S is 
negative, indicating less randomness at the solid/solution interface. 
Figures 8a-b showed that the uptake of MB on all adsorbents studied 
decreased with an increase in temperature (exothermic process) except 
for that of CAC which followed the opposite trend (endothermic process).  
This is confirmed by the negative values of ΔH reported in Table 6 for all 
adsorbents, except for CAC as evident in the slightly enhanced removal at 
increased temperature. The magnitude of H values for the sorption of MB 
onto RDS, TAC and CAC fall into the range of 20.9–80 kJ/mol, an indicative 
of combined physisorption and chemisorptions mechanism at work. 
Those of GT and COM have enthalpy changes of below 20.9 kJ/mol; 
indicating physical adsorption process (Saha and Chowdhury, 2011; 
Muhammad et al., 2014; Ugbe et al., 2014). The deviation of CAC from the 
other adsorbents in terms of enthalpy and entropy changes may be 
attributed to the chemical modification of the date palm seed. This is in 
agreement with those of removal of metal ions using EDTA modified maize 
cob, chemically modified cassava peel, chemically modified green algal 
biomass and chemically modified pomelo peel’s pulp (Schwantes et al., 
2016; Khan et al., 2016; Yang et al., 2019). 
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4. CONCLUSION 

The results of the study have shown that uptake of MB by the various 
adsorbents is dependent on the initial solution concentration, pH, 
adsorbent dosage, contact time and temperature. The experimental data 
fitted well-tested isotherm models in the order; Langmuir > Freundlich > 
Temkin for GT and COM while Freundlich and Langmuir models best 
described the adsorption onto CAC and TAC respectively with RDS 
showing very poor fittings into the tested isotherms. The adsorption 
kinetics was best described by pseudo-second-order and film diffusion 
models, an indication of chemisorptions taking part in the overall process 
mechanism while the thermodynamics study showed that the processes 
were feasible, spontaneous and exothermic in nature, except MB-CAC 
which is endothermic. The combined results of isotherms, kinetics and 
thermodynamic studies revealed that the adsorption proceeded by a 
combined physisorption and chemisorption processes. Additionally, the 
mechanism of the adsorption occurred by the two processes (intra-
particle and film diffusion) either simultaneously or that other processes 
occurred concurrently with these two processes. This study could 
therefore provide useful information on MB fixation onto date palm seeds, 
goethite and their composite. 
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