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a b s t r a c t
Elaeagnus umbellata leaves powder was utilized as a natural adsorbent for the removal of methylene 
blue (MB) from the aqueous solution. The adsorption efficiency of E. umbellata leaves for the 
adsorption of MB was studied by changing the variables such as contact time, biosorbent dosage, 
pH, MB preliminary concentration and temperature. Langmuir, Freundlich and Temkin isotherms 
were employed for the analysis of the equilibrium data. Freundlich isotherm was better fitted than 
Langmuir and Temkin isotherms at various temperatures (298, 308, and 318 K), according to the 
values of regression coefficients (R2). The adsorption of MB on E. umbellata leaves powder was 
investigated on the basis of Elovich, pseudo-first-order and pseudo-second-order kinetic models. 
The different thermodynamic parameters such as ΔG°, ΔH° and ΔS° were determined at various 
temperatures using the equilibrium concentrations. The thermodynamics factors of MB/E. umbellata 
leaves system indicated non-spontaneous and exothermic processes. It was found that a decrease in 
temperature favors the adsorption of MB on E. umbellata leaves.
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1. Introduction

Pollution is an ever concerning the problem of modern 
civilization. When we look the history, we come to know 
that pollution is a Latin word (Polluere) which means to 
make dirty or to defile. Pollution is basically defined as 
undesirable and unpleasant changes in the chemical, phys-
ical or biological features of water, air and land that make 
the environment unhealthy for living by creating health 
hazards to the living organisms. With the development and 
advancement in the industries, the world is facing severe 

environment-related problems since mid of 19th century. 
There are several factors that are responsible for creat-
ing an imbalance in the environment such as increased 
population, automobiles, prosperous society with an aspi-
ration for a vast array of products, greater radiation pollu-
tion due to energy usages, increased food production, etc. 
[1–3]. In human life, the revolution is brought by science 
and technology and human life became transformed into 
more comfortable because of modernization. The villages 
have become growing cities due to industrialization [4,5]. 
The fast industrial growth leads to environmental pollution. 
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Environmental pollution is one of the major concerning 
issues of the present civilization and it increases day by day.

Water pollution is considered one of the major envi-
ronmental pollutions. The sources which are responsible 
for such types of pollution are urban and agricultural run-
off containing fertilizers, domestic dirt, industrial wastes, 
chemical contaminants, littering, eutrophication and pes-
ticides. The main source of water contamination is indus-
trial waste (colored dyes), which is discharged into rivers, 
streams and channels. At present, up to ten thousand dyes 
have been commercialized [6]. These dyes are utilized in tex-
tiles, tree wares, synthetic organic polymers, paints, medici-
nal drugs, cosmetic industry, etc. The contaminated colored 
water from the industries is discharged into nearby water 
bodies. This results in the stimulation of chemical oxygen 
demand. The toxic sewage reduces the penetration of sun-
light, which badly affects photosynthesis [7]. Numerous 
techniques such as ionic substitution, adsorption, mem-
brane sanitization, inverse osmosis, traditional coalescence, 
organic precipitation, etc. have been applied for the removal 
of the toxic dyes from the wastewater. Among different 
techniques for the removal of the dyes from the wastewa-
ter, adsorption is the commonly used technique [8,9]. The 
adsorption is a suitable and moderately venerable procedure 
because of its simple design, accessibility and capability for 
the removal of the dyes [8–10]. Activated carbon is one of 
the commonly used materials due to its greater dye uptake 
capability towards the large quantity of carbon-based/
mineralized metallic ions but its high cost limits its use 
for the purification of wastewater to a greater extent [11]. 
Therefore, low-cost substitutes are required to solve this 
problem. Biomass or agricultural waste is abundant and can 
effectively remove the dyes from the industrial wastewater 
[12]. Several forms of agrarian by-products, such as orange 
rind [13], sawdust [14], melon peel [15] barley husk [16], 
cereal chaff [17], fly ash [18–21], pine cone [10] and castor 
seed shell [22] are being recycled to remove methylene blue 
(MB) from their aqueous mixtures. Several adsorbents such 
as rice husk [23], bagasse [24] coconut coir [25], tea leaves 
and cow dung [26], wool fibre and cotton fibre [27], chitosan 
[28], mahogany sawdust [29], Parthenium hysterophorus [30], 
neem husk [31], silk cotton hull [32], tuberose sticks and 
tamarind fruit shell [33], amino-functionalized benzene [34], 
Mg–Fe-layered double hydroxides [35] and fumaric acid [36] 
are treated as very effective, low-cost, and safe adsorbent.

The availability of several functional groups in the ads-
orbent makes it a good adsorbing material for the removal 
of pollutants from wastewater [37,38]. Several economic 
and easily available adsorbents have been used for the 
treatment of synthetic dyes in recent years. These adsor-
bents got much interest from the scientists for the treat-
ment of wastewater and to protect the environment. So, 
there is a need for the development of an appropriate and 
cost- effective method for the removal of MB from waste-
water. In the current study, Elaeagnus umbellata leaves 
powder was used for the removal of MB from the aque-
ous solution. The reasons for the use of E. umbellata leaves 
as adsorbents for the removal of MB are cost affectivity 
and easy availability of the biomass. In addition, to the 
best of our knowledge, E. umbellata leaves-based biomass 
has not been used for the adsorption process so far.

2. Experimental

2.1. Solutions and reagents

All the solutions used during the experiments were 
prepared in distilled water. MB (from BDH chemicals) was 
used in the experiments without purification. 1 g of MB was 
dissolved in 1,000 mL of distilled water to prepare a stock 
solution of MB. The solutions of different concentrations 
(5–25 mg/L) were prepared from the stock solution of MB 
using the dilution method. 0.1 M HCl and 0.1 M NaOH were 
used for the optimization of pH levels.

2.2. Elaeagnus umbellata (biosorbent) preparation

E. umbellata leaves were accumulated from Rairban 
Village of Bagh District of Azad Jammu and Kashmir, 
Pakistan. E. umbellata leaves were soaked in water for 
24 h. These leaves were washed using distilled water and 
dried in the open air. The dried E. umbellata leaves were 
ground to powder using an electric grinder and sieved 
through 70 mesh sieves. For acid modification, E. umbel-
lata leaves powder (10 g) was mixed with 0.1 M HCl. The 
magnetic stirrer was used for agitating the mixture for 
24 h. The distilled water was used for washing E. umbel-
lata leaves to powder and filtered. The obtained residue 
was kept in an oven overnight at 70°C for drying purposes. 
The optimized conditions were applied for acid-modified 
and without modified E. umbellata leaves.

2.3. Characterization of E. umbellata leaves

The chemical and physical properties of the biosorbents 
are necessary to investigate their adsorption capacities. 
The characterization of E. umbellata leaves powder was 
done by UV-Visible and Fourier-transform infrared (FT-
IR) spectroscopy. The scanning electron microscopy (SEM) 
analysis was done to investigate the surface morphol-
ogy of E. umbellata leaves powder. The Universal V 4.5A 
TA, SDT Q600 V 20.9 was employed in thermal studies. 
The Quantachrome NOVAWin V. 11.04 was used in the 
delineation of the surface area of E. umbellata leaves pow-
der. The moisture contents and bulk density were calculated 
and the obtained results are given in Table 1.

2.4. Desorption studies

The desorption experiments were performed in batches 
with different desorbing reagents such as distilled water, 
0.1 M, NaCl, 0.1 M NaOH, 0.1 M HNO3, 0.1 M HCl and 0.1 M 
KCl, solutions. 0.15 g of E. umbellata leaves and 25 mg/L 

Table 1
Physical properties of E. umbellata leaves

Adsorbent E. umbellata leaves

Brunauer–Emmett–Teller 
analysis

Physical properties

Surface area 140.780 m2/g Moisture content 1.62%
Pore diameter 28.568 nm Bulk density 0.284 g/cm3

Pore volume 0.097 cc/g
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MB solution (50 mL) were stirred at room temperature for 
90 min. MB loaded biosorbent was used for the removal 
of unadsorbed dye after washing with distilled water and 
shaken with various desorbing agents (25 mL). The desorbed 
MB concentration was calculated. The equation used for 
the calculation of percent MB desorption is given in Eq. (1).

%Desorption � �
m
m
d

a

100  (1)

where ma represents the amount adsorbed and md represents 
the amount of MB desorbed.

2.5. Batch equilibrium and kinetic studies

The batch adsorption studies were performed by add-
ing 0.15 g of the adsorbent in 50 mL of MB solution in 
three conical flasks (250 mL). The mixtures in three flasks 
were stirred and heated at 298, 308 and 318 K, respectively. 
The reaction mixtures were filtered and absorbance values 
of the filtrates were determined using UV-Vis spectropho-
tometer at λmax 665 nm for MB. The equilibrium concentra-
tions of the samples were determined using Beer–Lambert 
law and adsorption capacity was calculated using Eq. (2).

q
C C V
me

e�
�� �0  (2)

where m represents E. umbellata leaves mass (g). C0 is the 
initial concentration and Ce is the concentration of MB at 
equilibrium (mg/L) and V is the volume of solution (L). The 
percentage removal of MB was calculated using Eq. (3) [30].
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The obtained data were analyzed by employing the 
adsorption isotherm models (Langmuir, Freundlich and 
Temkin) using Eq. (4):
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where Ce is the concentration of the dye at equilibrium, qe is 
the adsorption capacity at equilibrium, Q0 and b are the rate 
of adsorption.

The dimensionless factor of the Langmuir isotherm equa-
tion is shown in Eq. (5).

R
bCL � �
1

1 0

 (5)

where C0 represents the initial concentration of MB. RL value 
is helpful in determining the nature of the adsorption pro-
cess. The process is favorable if RL (0 < RL < 1), unfavorable 
(RL > 1), irreversible (RL = 0) or linear (RL = 1). The Freundlich 
model was used for determining the heterogeneity of the sys-
tem using an empirical isotherm [Eq. (6)].

ln ln lnq K
n

Ce F� �
1

0  (6)

where KF (mg/g (L/mg)1/n) is bond strength and n represents 
bond energy.

Temkin isotherm model can be expressed as:

q B A B Ce e� �ln ln  (7)

The above relation shows Temkin constant of the heat 
of adsorption (J/mg), heat of adsorption constant (RT/b = B), 
T = absolute temperature (K) and b = A = equilibrium 
constant for maximum binding energy (L/g) [39].

The nature of the adsorption process was determined 
by performing thermodynamic studies using various 
mathematical relations such as entropy change (ΔS° J/K mol), 
free energy change (ΔG° kJ/mol) and enthalpy change 
(ΔH° kJ/mol) [Eqs. (8) and (9)].
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In the above equations, Kc is an equilibrium constant, 
R is a gas constant and T is absolute temperature.

3. Results and discussion

3.1. Characterization of E. umbellata leaves

The characterization of E. umbellata leaves powder 
was carried out by different characterization techniques 
such as FT-IR and UV-Vis spectroscopy. FT-IR spec-
tra were recorded in the range of 400–4,000 cm−1, while 
UV-Vis spectra were recorded in the range of 200–800 nm. 
SEM analysis was done to investigate surface morphol-
ogy. Thermogravimetric analysis (TGA)/differential scan-
ning calorimetry (DSC) studies were also carried out 
for the thermal analysis of E. umbellata leaves.

3.2. FT-IR analysis

FT-IR analysis was carried out prior and subsequent 
to the adsorption for analyzing functional groups present 
on E. umbellata leaves. The C–H stretching modes of ali-
phatic compounds and –OH group with prominent peaks 
appeared at 2,910 and 3,415 cm–1, respectively. The legend 
peak at 1,635 cm–1 was found due to stretching and bending 
modes of the adsorbed water. After the adsorption of MB 
on E. umbellata leaves, the more intense peak at 1,031cm–1 
was changed to less intense peak and shifted at 1,087 cm–1. 
The prominent peak at 622 cm–1 was attributed to C–S 
linkage (Fig. 1a). These peaks were not found in the FT-IR 
spectrum of MB (Fig. 1b).

FT-IR spectrum of the acid-modified E. umbellata leaves 
(biosorbent) showed similar features with the FT-IR spec-
trum of the non-modified E. umbellata leaves with various 
changes in the band intensities. The peak at 3,415 cm–1 was 
shifted to 3,232 cm–1. At 2,910 cm–1, the peak appeared due 
to stretching vibrations of C–H and was not found in the 
FT-IR spectrum of the acid-modified E. umbellata leaves. 
The peak appeared at 1,647 cm–1 was attributed to stretch-
ing and bending modes of the adsorbed water and at peak 
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at 1,020 cm–1 was referred to C–X (X=Halogen) and peak 
at 622 cm–1 disappeared in the FT-IR spectrum of the acid- 
modified E. umbellata leaves (Fig. 1c and d).

3.3. Scanning electron microscopy

The surface morphology of the E. umbellata leaves 
powder was analyzed by SEM. The external morphol-
ogy of E. umbellata leaves powder was analyzed before 
and after the adsorption experiments. Both photographs 
(Fig. 2a and b) indicated a clear difference in the mor-
phology of the adsorbent before and after the adsorption. 
SEM image obtained after adsorption (Fig. 2b) indicated 
rough and porous surfaces of E. umbellata leaves powder 
and smooth surface after the adsorption of MB onto the 
adsorbent. The difference in the surface morphology before 
and after adsorption was also observed in acid-modified 
E. umbellata leaves (Fig. 2c and d). The mechanism of the 
adsorption of MB on E. umbellata leaves is shown in Fig. 3.

3.4. Thermal gravimetric analysis

The thermogram of TGA and DSC obtained is shown 
in Fig. 4. The initial mass loss occurred due to sublimation, 
vapor loss, chemical decomposition and dehydration [37]. 

The thermogram analysis of mass deficit was about 13.11% 
at 0°C–200°C (due to moisture contents), 42.94% between 
200°C–380°C (due to organic matter) and 23.99% between 
380°C–789°C (due to of loss of hydroxyl and decarbonation).

DSC analysis showed two phases of decomposition. 
The negative peak at the first phase was observed around 
60°C which indicated the loss of moisture contents and 
evaporation of various volatile compounds [38]. The 
utilization of energy in evaporation, as well as drying of 
the volatile compounds below 250°C, showed an endother-
mic reaction. The second exothermic phase was observed 
above 250°C in which indicated the disintegration pro-
cess of cellulose lignin and hemicellulose. These biomass 
components, that is, hemicellulose, cellulose and lignin 
were decomposed at different temperatures, 200°C–260°C, 
240°C–350°C and 280°C–500°C, respectively [38].

3.5. Influence of pH

pH of the dye has a major effect on the dye uptake 
capacity. The adsorption capacity was increased (7.44 to 
7.91 mg/g) by changing pH from 3 to 12 and then keeps 
constant up to pH 14. The effect of pH for MB adsorption 
over E. umbellata leaves is represented in Fig. 5. It was 
found that with the increase in pH (3–12), the removal 

Fig. 1. FT-IR spectra of: E. umbellata leaves (a) before and (b) after adsorption; E. umbellata leaves acid-modified (c) before and 
(d) after adsorption.
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of MB was also increased. The maximum MB percentage 
removal was found to be 94.94% at pH 12. The uptake of 
MB (solute) was directly related to the active sites pres-
ent on E. umbellata leaves and also to the solute chemis-
try in the solution. On E. umbellata leaves surface sites, the 
accumulation of positively charged ions was increased 

at low pH, while adsorption of MB was decreased. So, 
due to electrostatic forces of repulsion, the adsorption 
of dye cations was not favorable, which might be due to 
the presence of a large number of H+ competing with the 
cations of dye for the sites of adsorption on E. umbellata  
leaves [39].

Fig. 3. Mechanism of adsorption of MB on E. umbellata leaves.

Fig. 2. SEM images of: E. umbellata leaves powder (a) before and (b) after adsorption; acid-modified E. umbellata leaves powder 
(c) before and (c) after adsorption.
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The maximum percentage removal of MB was found 
to be 94.94% at pH 12. The zero point charge (pHzpc) was 
used to explain the effect of pH on the percentage removal 
of E. umbellata leaves. When the pH of the solution was 
above pHzpc, the surface of the adsorbent becomes more 
negatively charged. These negatively charged ions inter-
acted with cationic sites of MB through electrostatic forces 
of attraction.

3.6. E. umbellata leaves dosage effect

The effect of E. umbellata leaves dosage on the adsorption 
of MB was studied at contact time 90 min, pH 12 and at 298 K 
(Fig. 6). It was found that by increasing E. umbellata leaves 
dosage (0.15–0.45 g), the percentage removal of MB was 
increased from 88.26% to 91.3%. The increase in adsorbent 
dosage (0.15–0.45 g) decreased the dye uptake capacity (7.60–
2.20 mg/g). The removal efficiency of MB was increased with 
the increase in E. umbellata leaves (adsorbent) dosage because 
of increased availability of surface area for adsorption, so 
the adsorption sites also increased [40]. The adsorption 
capacity decreased, like the dosage of biomass (adsorbent) 
was increased because the significant part of the adsorp-
tion sites due to random enmeshment remained unavail-
able at a greater amount of adsorbent. At lower adsorbent 

dosage, the adsorption capacity was increased because the 
number of active sites became saturated with the dye [41].

3.7. Influence of MB initial concentration

The influence of MB initial concentration on adsorp-
tion of MB on E. umbellata leaves was studied by taking 
MB concentrations (5–25 mg/L) with 0.15 g biosorbent 
dosage in a conical flask (250 mL), the mixture was shaken 
for 90 min at 298 K and at pH 12. The absorbance mea-
surement was done using a UV-Vis spectrophotometer 
after filtration. The percent removal of MB was obtained 
to be (17.54% to 91.59%) and adsorption capacity (0.98–
7.62 mg/g) by varying the initial concentration of MB 
5–25 mg/L (Fig. 7). The change in the initial concentration 
of the dye gave suitable energetic forces that hindered the 
mass movement of MB between two phases (aqueous and 
solid) [42]. Therefore, the dye concentration affected the 
percentage removal efficiency of E. umbellata leaves.

3.8. Effect of contact time

The effect of contact time on the percentage removal 
efficiency of E. umbellata leaves was observed by taking MB 
concentration (5–25 mg/L) in a 250 mL conical flask with 
E. umbellata leaves dose (0.15 g) by varying the agitation 
time from 10–120 min. UV-Vis. spectrophotometer was 
used for determining the absorbance of the filtrate solution. 
The dye uptake capacity and percentage removal were cal-
culated at equilibrium using Eqs. (2) and (3), respectively. 
The percentage removal and MB uptake capacity were 
increased with the increase in contact time (10–120 min) 
and then remained constant with time. The percentage 
removal efficiency was increased from 17.54% to 91.59% 
for the samples having an initial dye concentration 
(25 mg/L). The percentage removal and dye uptake capac-
ity of the acid-modified E. umbellata leaves were obtained 
to be 93.65% and 9.98 mg/g, respectively at optimized 
experimental conditions. The rise in contact time has also 
improved the dye uptake capacity from 0.98 to 7.62 mg/g 
(Fig. 7). The comparison of the dye uptake capacity with 
previous studies is given in Table 2. The early adsorption 
phase is represented by maximum removal efficiency and 

Fig. 4. Thermogram of TGA and DSC analysis.

Fig. 5. Effect of pH on MB adsorption on E. umbellata leaves 
(t = 90 min; E. umbellata leaves dose = 0.15 g; T = 298 K; 
preliminary concentration = 25 mg/L).

Fig. 6. E. umbellata leaves dosage effect on MB percentage 
removal (preliminary pH = 12; T = 298 K; preliminary concentra-
tion = 25 mg/L).
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adsorption capacities together with the accessibility of 
considerable surface area of the adsorbent [43].

3.9. Influence of temperature

MB adsorption on E. umbellata leaves was carried 
out using 25 mg/L of MB initial amount (50 mL) pH (12) 
and 0.15 g adsorbent dose for investigating the effect of 
temperature. The samples were filtered after shaking the 
solutions in an electric thermostat shaker at a tempera-
ture (298–323 K). The concentration at equilibrium was 
determined by measuring the filtrate absorbance. It was 
found that with the increase in temperature, the percent-
age removal efficiency of E. umbellata leaves was decreased 
from 93.26% to 80.44% and adsorption capacity was also 

decreased from 7.77 to 6.70 mg/g. The decreased dye uptake 
capacity with the increased temperature (298–323 K) 
occurred and was observed maximum at 298 K (Fig. 8). 
The decrease in adsorption capacity with temperature rep-
resented the exothermic process. The lower temperature 
declined the surface activity suggested that the adsorp-
tion of MB on the adsorbent was an exothermic process, 
so low temperature favored the process of biosorption 
whereas higher temperature increased the surface activity 
signified that the adsorption process was endothermic [44].

3.10. Adsorption kinetics

Lagergren pseudo-first-order (PFO) model [45] was 
used to calculate the rate constant of adsorption [Eq. (10)]. 
The graph of log(qe – qt) vs. time was employed for calcu-
lating K1 and qe for different concentrations of MB (Table 3). 
According to isotherm data, the best constraint with the 
pseudo-second-order (PSO) model having R2 ≥ 0.99 for dif-
ferent concentrations was used during the analysis. PSO 
model is also applicable for the calculation of kinetic data 
using Eq. (10) [46].

log log
.

q q q
K

te t e�� � � �
�

�
�

�

�
�1

2 303
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The parameters such as pseudo-second-order constant 
(K2) as well as equilibrium adsorption capacity (qe) were 
calculated from the graph of t vs. t/qt.

t
q k q q

t
t e e

� �
�

�
��

�

�
��

1 1

2
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Fig. 7. Contact time and MB concentration effects on the percent-
age removal efficiency of E. umbellata leaves (pH = 12; E. umbellata 
leaves dosage = 0.15 g; preliminary concentration 25 mg/L).

Table 2
Comparison of removal efficiency of the present work with previous work

Adsorbents qm (mg/g) References Adsorbent Adsorption capacity (KF) References

Cashew nut shell 5.31 [49] Alcian Blue 0.1012 [56]
Coarse grinded wheat straw 3.82 [50] Natural red 0.00112 [56]
Neem leaf powder 3.67 [51] Brilliant Blue 0.1474 [57]
Fine grinded wheat straw 2.23 [52] Corn husk 14.58 [58]
Chitosan cross-linked (beads) 5.60 [53] Elaeagnus umbellata leaves 28.97 This study
Coir pith carbon 5.87 [54]
Ficcus palmata 6.89 [55]
Elaeagnus umbellata leaves 7.91 This study

Table 3
Adsorption kinetics results of MB removal

C0 (mg/L)

Pseudo-first-order kinetic Pseudo-second-order kinetic

SSE

Elovich model

qe (mg/g) K1 (min−1) R2 qe (mg/g) K2 (×103) g/(mg min) R2 a b R2

10 1.407 0.06 0.88 2.07 0.02 0.98 0.44 0.24 0.06 0.98
20 4.470 0.05 0.93 5.98 0.05 0.99 2.28 0.55 0.01 0.97
30 7.247 0.04 0.94 7.24 0.02 0.98 1.00 0.80 0.02 0.99
40 10.33 0.03 0.96 11.62 0.04 0.98 1.66 1.60 0.03 0.98
50 15.55 0.04 0.93 19.23 0.06 0.99 13.54 2.72 0.03 0.97
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The results showed (R2 ≥ 0.99) that the PSO model closely 
follows the model instead of PFO and also indicated the 
favorable MB adsorption on E. umbellata leaves (Figs. 9 and 
10). The Elovich kinetic model (EM) was also employed 
and expressed as:

q a b tt � � ln  (12)

The straight-line graph of lnt vs. qt was used for the 
calculation of constants, a and b [47,48]. The following order 
PSO > PFO > EM of kinetic models in adsorption kinetics 
of MB over E. umbellata leaves was observed on the basis 
of R2 values obtained.

3.11. Intraparticle model

The adsorption mechanism is commonly identified 
by the intraparticle diffusion model. In the processes of 
adsorption, the dye uptake mostly changes proportionately 
with t1/2 rather than with the contact time [59] and can be 
represented as follows:

q K t Ct i� �1 2/  (13)

where qt is the amount of MB adsorbed, t1/2 is the square 
root of the time, and Ki (mg/g min0.5) is the rate constant of 
intraparticle diffusion. The two different linear parts have 
been observed in the plot of t1/2 vs. qt. The diffusion of dye 
outer boundary layers surrounded by the adsorbent is rep-
resented by the first part. The second part is related to the 
dye equilibrium formation at the adsorbent surface as well 
as gradual dye diffusion into internal pores [60]. The multi- 
linear slopes for the adsorption process showed that intra-
particle diffusion is not rate-limiting step but boundary layer 
adsorption involvement was seen.

3.12. Thermodynamic parameters

Gibb’s free energy (20.88, 19.23 and 19.27 kJ/mol) for 
the adsorption of MB on E. umbellata leaves at various tem-
peratures (298, 308 and 318 K) was calculated (Table 4). MB 
showed a spontaneous adsorption process over E. umbellata 
leaves, as indicated by negative values of Gibbs free energy. 
The enthalpy and entropy change assessment were analyzed 

by plotting lnK vs. 1/T values (Fig. 12). The values of K (8.43, 
7.51 and 7.29) were calculated from the graph plotted between 
1/T and lnK at different temperatures. The enthalpy change 
(ΔH°) value was found negative (–31.46 kJ/mol). The negative 
value indicated the non-spontaneity and exothermic reac-
tion nature of MB adsorption on E. umbellata leaves. The 
decreased randomness at the solution–solute interface 
during the adsorption process was indicated by Gibbs 
free energy (–35.78 J/K mol) and entropy change (ΔS°) [61].

3.13. Adsorption equilibrium

The adsorbate (dye) was removed by the adsorbent and 
the adsorption isotherm described the remaining adsorbate 
concentration in the solution. The experimental data and 
adsorption isotherm models are comparable at equilibrium 
[62]. The Langmuir, Freundlich and Temkin isotherms were 
employed for the data analysis. The Langmuir isotherm 
[63], plots Ce/qe vs. Ce, showed straight lines (Fig. 13) for 
the adsorption of MB on E. umbellata leaves. The Langmuir 
constants (b and Q0) were calculated and are shown in 
Table 5. The dimensionless equilibrium constant RL has been 
narrated by Kumar et al. [64].

In this study, 0.017, 0.020 and 0.031 are RL values at 
298, 308 and 318 K, respectively. RL values represented 

Fig. 9. Pseudo-first-order kinetics studies of MB adsorbed 
E. umbellata leaves.

Fig. 8. Effect of temperature on the percentage removal efficiency 
of E. umbellata leaves (t = 90 min).

Fig. 10. Kinetic studies of pseudo-second-order of MB adsorbed 
on E. umbellata leaves.



M. Hafeez et al. / Desalination and Water Treatment 236 (2021) 326–337334

that E. umbellata leaves are suitable for the adsorption 
of MB. The adsorption intensity and surface heteroge-
neity were calculated from the slope (1/n) between 0 and 
1 in the Freundlich isotherm model. Whereas, because of 
decreased slope value, there is more heterogeneity [65]. 
Fig. 12 lnqe vs. lnCe showed smooth lines represented that 
the adsorption of MB over E. umbellata leaves is persistent 
to the Freundlich isotherm model (Table 5). The graph of 
the Temkin isotherm model was plotted between lnCe vs. qt 
(mg/g) (Fig. 14). On the basis of R2 values, the Freundlich 
isotherm was found to best conformed with correlation 
isotherm determination parameters after a comparison of 
analysis of isotherms than Langmuir.

3.14. Statistical analysis

The error analysis method (sum of squared error (SSE)) 
was used for the calculation of appropriateness using 
Eq. (14) and applied to the data obtained experimentally. 
The lower SSE values best fitted with the obtained data 
(Tables 3 and 5).

SSE calc meas� �� �
�
� q qe e
i

n

1

2

 (14)

3.15. Desorption

The different desorbing agents used during studies are 
HCl, KCl, NaOH, 0.1 M NaCl, 0.1 M HNO3 and distilled H2O. 
The study revealed that the maximum desorption (25.39%) 
was accomplished by 0.1 M NaOH and designated as a 
favorable desorbing agent for the desorption of E. umbellata 
leaves (Table 6).

4. Conclusion

E. umbellata leaves powder was used as a biosorbant 
for the removal of MB from the aqueous solution. The 
effect of several factors such as initial concentration of 
MB, temperature, pH, the dosage of E. umbellata leaves 
and contact time was studied on the adsorption of MB. 
The adsorption equilibrium time was attained for MB on 
E. umbellata leaves with an initial concentration (25 mg/g) 
of the dye at 90 min. It was found that with the increase 
in the dosage of the adsorbent, the removal efficiency of 
MB was increased. The removal efficiency of E. umbel-
lata leaves for MB was also analyzed at different pH. 
The maximum removal percentage was found at pH 12, 

Table 4
Thermodynamics data

Temperature (K) ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (kJ/mol)

298 –20.88
–31.46 –35.78308 –19.23

318 –19.27

Table 5
Results of adsorption isotherm models

Linear regression analysis

Langmuir constant Freundlich constant Temkin constant

T (K) Q0 (mg/g) b (L/mg) R2 RL SSE KF N 1/n R2 B Kt R2

298 5.37 1.26 0.96 0.017 208.2 20.94 3.41 0.29 0.99 0.973 3.903 0.93
308 8.84 0.81 0.96 0.020 141.1 18.49 2.96 0.33 0.99 0.796 3.165 0.91
313 23.25 0.28 0.98 0.031 504.4 28.97 4.14 0.24 0.99 1.615 5.437 0.97

Fig. 11. Intraparticle diffusion models.

Fig. 12. Thermodynamics analysis for MB adsorbed on 
E. umbellata leaves.



335M. Hafeez et al. / Desalination and Water Treatment 236 (2021) 326–337

which was 91.59%. After acid-modification of E. umbel-
lata leaves with HCl, the adsorption capacity and removal 
efficiency were increased to 9.29 mg/g and 93.65%, respec-
tively. The kinetic studies were performed to demonstrate 
the adsorption process followed by PSO models, whereas 
equilibrium data followed the Freundlich isotherm 
model with R2 = 0.99. The maximum adsorption mea-
surements were found to be 20.94, 18.49 and 28.97 mg/g 
at temperatures 298, 308 and 318 K, respectively. In dis-
tilled water, the maximum percentage desorption of 
MB-loaded E. umbellata leaves was found to be 25.39%. 

It was concluded that low-cost bio-waste E. umbellata 
leaves have the potential to adsorb MB from an aqueous 
solution. Therefore, E. umbellata leaves can efficiently 
be utilized as an effective adsorbent for the removal of 
MB from the aqueous solution.
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