
* Corresponding author.

1944-3994/1944-3986 © 2021 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2021.26999

220 (2021) 409–420
April

Removal of brilliant green from aqueous solution by Pyrus pashia leaves 
powder as an adsorbent: equilibrium, thermodynamic and kinetics studies

Rashida Fiaza, Muhammad Hafeeza,*, Mahmood Rashida, Abrar Niazb, Azeem Bibia

aDepartment of Chemistry, University of Azad, Jammu & Kashmir, Muzaffarabad, Pakistan, 
emails: smhafeezkhan@yahoo.com (M. Hafeez), abrarashida@gmail.com (R. Fiaz), rashid_meh786@yahoo.com (M. Rashid), 
azeembibi786@gmail.com (A. Bibi) 
bInstitute of Geology, University of Azad, Jammu & Kashmir, Muzaffarabad, Pakistan, email: abrar.niaz@ajku.edu.pk

Received 9 August 2020; Accepted 9 January 2021

a b s t r a c t
The dyes used in textile industries are very toxic and harmful compounds and they have a very 
negative effect on the environment, especially when they are discharged into soil and water. In a 
recent study, the very cost-effective and abundantly available biomass sorbent Pyrus pashia leaves 
was employed for the removal of brilliant green from wastewater. Several variables like initial dye 
concentration (10–50 mg/L), contact time (10–70 min), the dosage of Pyrus pashia leaves (0.15–0.45 g), 
pH (3–14), temperature (25°C–50°C) and desorption studies were performed for the investiga-
tion of the batch experiment. The maximum brilliant green removal was obtained to be 93.35% at 
optimized experimental conditions. The equilibrium data were described by different adsorption 
isotherm models (Langmuir, Freundlich and Temkin). The results showed that the experimental 
data were best fitted with the Langmuir isotherm model with R2 = 0.99 which describes the mono-
layer formation of brilliant green on the Pyrus pashia leaves outer surface. The adsorption kinetics 
models (pseudo-first-order, pseudo-second-order and Elovich model) were also applied and exper-
imental data best followed the pseudo-second-order kinetics model with R2 > 0.98. The thermody-
namic parameters such as ΔH°, ΔG° and ΔS° were also calculated. The physical properties were 
also examined by using Brunauer–Emmett–Teller and the surface morphology of the adsorbent 
was studied by scanning electron microscope. The experimental results showed that the adsorbent 
Pyrus pashia leaves can be effectively used for the brilliant green removal from the wastewater.
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1. Introduction

Nowadays, rapid industrial development gave a big
impression on environmental society. The textile industries 
have the highest contribution to dyes utilization for fiber 
coloration. The textile effluents contain a large amount of 
dyes along with different additives during the whole col-
oring process [1]. The colored effluents discharged from 
industries are considered to be less harmful and toxic than 
many colorless effluents. These are presented by the pub-
lic on the ground that color is an indicator of pollution [2]. 

Due to color, dyes are the most easily identifiable pollutants. 
Therefore, people must be familiar with the concentration 
of dye used in mineral water because it can cause severe 
health problems to human beings. The dyes stuff production 
of different types now reaches 700,000–100,000 tons annu-
ally. Dyes are divided into two categories as cationic and 
anionic on the basis of their structure [3–6]. The dyes must 
be eliminated before their release into the environment. 
For this reason, tight restrictions on the organic contents 
must be followed. The dyes have toxic and carcinogenic 
behavior when discharged into water. Most of the dyes are 
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carcinogenic and toxic when discharged into the water and 
they cause serious damage to aquatic life. There are many 
techniques employed for the dye removal from wastewa-
ter such as ultrafiltration, flocculation and coagulation, 
electrochemical degradation, and ion-exchange method 
and adsorption. The researchers showed that adsorption 
is the best and convenient technique and has given better 
results in different coloring materials from the wastewater. 
Adsorption is considered to be a potential method for dye 
removal from industrial wastewater [7,8]. The activated 
carbon is also applied for adsorption of dye removal pre-
pared from milk vetch, malachite green by nanoparticle 
of zinc oxide, adsorption of bisphenol A prepared from 
synthetic carbon and natural material, bromophenol blue 
and nanoparticle loaded zinc sulfide for brilliant green 
(BG) removal [9–13]. Therefore, many studies, showed 
that biomass or natural materials are the best alternative 
adsorbents due to reliable resources, low-cost and envi-
ronment-friendly instead of activated carbon (commercial) 
adsorbent [14–16]. The adsorbent has adsorbing material 
which has many elements that can remove pollutant [17]. 
The activated carbon due to many disadvantages such as 
it is costly, ineffective and nonselective against vat and 
disperses dyes is not widely used [18]. So many economic 
and easily available adsorbents for the treatment of syn-
thetic dyes are introduced in recent years and has attracted 
great interest to prevent the water from pollution caused 
by dyes and protect the environment. Fiaz et al. [45] also 
introduced low-cost biowaste adsorbents such as Salix alba, 
Viburnum grandiflorum and Pyrus pashia for dye removal 
with percentage removal of 95.2%, 95.59% and 98% respec-
tively. These are easily and abundantly available biomass 
and environment friendly than activated carbon. Thus, the 
basic purpose of the recent study is also to come out with 
a suitable and cost-effective technique for the removal of 
brilliant green from wastewater. The Pyrus pashia leaves 
powder low-cost and freely available biomass has been 
used for the removal of BG from an aqueous solution.

2. Experimental

2.1. Solutions and reagents

The solutions used in the experimental work were pre-
pared by using distilled water. Brilliant green was bought 
from BDH Chemicals (England) and was utilized without 
further purification. The molecular weight of the BG is 
482.634 g/mol and the structure is given in Fig. 1. The stock 
solution of brilliant green was prepared by mixing 1 g of 
BG in distilled water (1,000 mL). The dilution of the dye 
stock solution was carried out for preparing further solu-
tions for experimental work to attain the required concen-
trations of BG (10–50 mg/L). The pH of the solutions was 
maintained by utilizing NaOH (0.1 M) and HCl (0.1 M). 
The pH of the solutions was measured using a pH meter.

2.2. Pyrus pashia (biosorbent) preparation

The village Rairban District Bagh, Azad Jammu and 
Kashmir, Pakistan was selected for the collection of Pyrus 
pashia leaves. They were dipped in water for 24 h, then 

distilled water was used for washing the leaves and placed 
in the open air for drying for a few days. Afterward, fine 
powder of leaves was obtained by grinding them with an 
electric grinder and sieved through 70 mesh sieves.

2.3. Characterization of Pyrus pashia leaves and Methylene Blue

The properties (physical and chemical) of biosorbents 
are necessary for the investigation of their adsorption 
capacities. Different techniques were employed for the 
characterization of Pyrus pashia leaves powder such as 
UV-Vis spectrophotometer and Fourier-transform infrared 
(FTIR) spectrophotometer. The exterior morphology of bio-
sorbent powder was seen by scanning electron microscope 
(SEM). The thermogravimetric analysis/differential scan-
ning calorimetry (TGA/DSC) analysis was performed by uti-
lizing the instrument Universal V.4.5A TA, SDT Q600 V 20.9. 
The Pyrus pashia leaves powder surface area was obtained 
by Quantachrome NOVAWin V (Quantachrome and Anton 
Paar Boynton Beach, Florida). 11.04. The calculated results 
of bulk density and moisture contents are given in Table 1.

2.4. Desorption studies

The experiments for desorption were performed in 
batch with different desorbing reagents such as 0.1 M KCl, 
NaOH, HCl and distilled water. The adsorbent (Pyrus pashia) 
0. 15 g and 50 mL of dye solution (50 mg/L) were treated 
for 2 h. The BG loaded biosorbent was washed by distilled 
water for the removal of unabsorbed dye and then shaken 
with various desorbing agents (25 mL). The desorbed BG 
concentration was determined and Eq. (1) was used for 
the calculation of % desorption.

%Desorption = ×
m
m
d

a

100  (1)

where md (mg/L) BG desorbed amount and ma (mg/L) 
represent the adsorbed BG amount, respectively.

2.5. Batch equilibrium and kinetic studies

The experiments for batch studies were performed by 
preparing BG solution of 50 mL using three conical flasks 
(250 mL each) with Pyrus pashia leaves (0.15 g). The mix-
tures were stirred and heated at different temperatures as 
303, 313 and 323 K, respectively. The filtration of mixtures 
was carried out and filtrate absorbance was measured using 
UV-Vis spectrophotometer for brilliant green having lmax 
(625 nm). The determination of equilibrium concentrations of 

Fig. 1. Structure of BG dye.
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the samples was carried out by applying Beer–Lambert law 
and Eq. (2) was employed in the calculation of adsorption 
capacity.

q
C C V
me

e=
−( )0  (2)

where m is the mass of Pyrus pashia leaves in (g). C0 initial 
BG concentration and Ce BG concentrations at equilibrium 
(mg/L) and V is the volume of solution (L). The percentage 
removal was calculated by employing Eq. (3) [19].

%R
C C
C

e=
−( )

×0

0

100  (3)

The evaluation of experimental was data conducted 
using isotherm adsorption models (Freundlich, Langmuir 
and Temkin). The Langmuir equation is shown as:

C
q Q b Q

Ce

e
e= +











1 1

0 0

 (4)

Here Q0 designates the dye uptake capacity.
The RL Langmuir isotherm dimensionless factor 

equation is shown as:

R
bCL = +
1

1 0

 (5)

where BG initial concentration is shown by C0 (mg/L). 
The nature of the process of adsorption can be determined 
by the dimensionless factor RL of Langmuir isotherm [20]. 
If RL (0 < RL < 1) then favorable for adsorption process, 
un-favorable (RL > 1), linear (RL = 1) or irreversible (RL = 0). 
The heterogeneity of the system can be determined by 
Freundlich [21] model using an empirical isotherm.

ln ln lnq K
n

Ce F e= +
1  (6)

where KF (mg/g (L/mg)1/n) and n are constants of Freundlich 
isotherm in Eq. (6). The Temkin isotherm model Eq. (7) is 
given as:

q B A B Ce e= +ln ln  (7)

where RT/b = B which is the heat constant of adsorp-
tion, b = Temkin constant of the heat of adsorption (J/mg), 
T = absolute temperature (K) and A = equilibrium constant 
for maximum binding energy (L/g).

The nature of the process of adsorption was studied by 
carrying out the thermodynamic studies, using different 
scientific relations like change in entropy (ΔS°, J/K mol), 
enthalpy change (ΔH°, kJ/mol) and free energy change 
(ΔG°, kJ/mol) [Eqs. (8) and (9)].

∆G RT Kc= − ln  (8)

lnK G
RT

H
RT

S
Rc =

− °
= −

°
+

°∆ ∆ ∆  (9)

In Eq. (9), Kc is the equilibrium constant, R (8.314 J/ 
K mol) is the gas constant and T represents temperature in 
Kelvin.

3. Results and discussion

3.1. Characterization of Pyrus pashia leaves powder

The characterization of powder of Pyrus pashia leaves 
was performed by several techniques like FTIR. The analy-
sis was measured between 500 and 4,000 cm−1. The surface 
morphology was studied by scanning electron microscope. 
The TGA/DSC analysis of Pyrus pashia leaves was also 
done. The instrument Quantachrome NOVAWin V. 11.04 
was applied in the determination of Pyrus pashia leaves 
powder surface area. The results of bulk density, moisture 
contents and surface area are given in Table 1.

3.2. FTIR analysis

The FTIR analysis of Pyrus pashia leaves was performed 
from 4,000 to 500 cm−1 by employing the FTIR spectropho-
tometer to examine the surface functional groups. The 
prominent peak at 3,401 cm–1 in the IR spectrum of before 
adsorption was because of water on the Pyrus pashia leaves 
surface as well as stretching vibrations of amine, the peak 
obtained at 1,724 cm–1 represents the weak combinations 
and overtones, aromatic C=C bonding, the 1,365 cm–1 prom-
inent peak shows ring stretching vibrations of esters, C–O 
stretching of alcohols, ethers and carboxylic acids present 
on the adsorbent surface (Fig. 2a). The peak at 1,216 cm–1 is 
that of N–H stretching vibrations and the peak at 526 cm–1 
is attributed to C–S linkage. The appearance of new peaks 
at 2,999 and 3,602 cm–1 in Pyrus pashia leaves adsorbent 
after adsorption of BG also confirm the physio-chemical 
interaction between adsorbate and adsorbent. The sig-
nificant changes in the frequencies were observed after 
adsorption spectra (Fig. 2b). This figure showed that the 
functional group’s participation in the process of adsorp-
tion was may be due to van der Waals forces, physical 
linkage or chemical bonding [22,23].

3.3. SEM analysis

The Pyrus pashia leaves powder was analyzed by SEM 
before and after BG adsorption (Figs. 3a and b). The dif-
ference in both the images delineated that porous surfaces 
(before adsorption) become smooth due to adsorption 
of BG onto Pyrus pashia leaves surfaces.

Table 1
Physical properties of Pyrus pashia leave powder

Adsorbent Surface area, 
(m2/g)

Water 
contents, (%)

Bulk density, 
(g/cm3)

Pyrus pashia 220.62 2.14 0.41
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3.4. Thermal analysis

The plot between mass loss and temperature is shown 
in Fig. 4. Three distinct phases are shown in TGA analysis. 
In the initial phase (0°C–250°C), the slow mass loss was 
obtained due to the evaporation of water and volatile 
compounds. In this phase, decomposition occurred [24]. 
The % mass loss at the first phase was calculated to be 
20.10% and at 250°C this phase ended. The second or next 
phase (250°C–380°C) showed a rapid mass loss due to the 
roasting of the sample and the % mass loss was found to 

be 41.75%. The maximum mass loss was observed for 
the sample which is basically due to the organic mat-
ter decomposition and biomass components containing 
hydroxyl groups. The third phase (380°C–789°C), shows 
the percent mass loss of 18.12% due to the solid-residue 
decomposition [25,26]. According to differential scanning 
calorimetric analysis, two main phases were observed, 
the first negative peak represented the endothermic 
phase (below 100°C) which is due to the evaporation of 
moisture contents and different volatile compounds (Fig. 4).

(a)

(b)
(a)

(b)Fig. 2. IR spectrum of Pyrus pashia leaves (a) before adsorption and (b) after adsorption.

 

(a)

(b)

Fig. 3. BG adsorbed Pyrus pashia leaves SEM micrographs (a) before adsorption and (b) after adsorption.
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The positive peak above 100°C was observed which rep-
resented an exothermic phase indicating the decomposition 
of cellulose, hemicelluloses and lignin [27].

3.5. Contact time effect

The contact time variations between dye (BG) and 
adsorbent (Pyrus pashia leaves) are beneficial in study-
ing the volume of adsorbed dye at varying time intervals 
at fixed biosorbent dosage. The equilibrium time is very 
important in the wastewater treatment process. This effect 
was studied by varying the contact time from 10–70 min, the 
concentration of BG (50 mg/L), biosorbent dosage (0.15 g) 
and pH (5) at 298 K. The dye uptake (1.407–15.55 mg/g) 
and removal efficiency (93.35%) increased from 10–70 min, 
while equilibrium was obtained at 50 min. The adsorption 
of the dye was rapid at the initial stages of the adsorption 
and equilibrium was obtained within 50 min. It is due to 
permeation on an adsorbent surface (because of accretion 
of adsorption positions by the ions of dye) whole surface 
area of adsorbent and more diffusion rate reduced at pro-
longed contact time. The value of maximum percentage 
removal was obtained at 50 min with a slight increase up 
to 70 min. This is because of the presence of excessively 
exposed adsorption sites are present which accelerate the 
adsorption rate due to diffusion towards sites of adsor-
bent (Pyrus pashia leaves) from the BG solution [28,29].  
The comparison of dye uptake capacities for various 
adsorbents are presented in Table 5.

3.6. Effect of preliminary dye concentration

The concentration of the adsorbate solution greatly 
affects the process of adsorption because the reactions 
of adsorption are directly related to the solute concen-
tration. The preliminary concentration of dye affects the 
adsorption capacity. This parameter was studied by tak-
ing 10–50 mg/L initial BG concentration at 50 min time 
of equilibrium and pH = 5 at temperature (298 K). Fig. 5 
shows that the increase in dye uptake capacity (1.407–
15.55 mg/g) was observed with an initial concentration 
of BG (10–50 mg/L). The removal of dye from wastewater 
by the process of adsorption depends primarily on mass 

transfer for the initial dye concentration. So at a higher 
concentration of dye, the adsorption capacity increased by 
the driving force responsible for mass transfer [30].

3.7. Biosorbent dosage effect

The adsorbent dosage also affects BG adsorption onto 
Pyrus pashia leaves. The fixed dye initial concentration was 
employed in the determination of the adsorption capac-
ity of an adsorbent. The adsorbent dosage effect was stud-
ied for the BG removal by Pyrus pashia leaves. The results 
showed (Fig. 6) that the percentage removal increases with 
an increase in biosorbent dose (0.15–0.45 g) and the maxi-
mum percent removal (93.22%) was obtained at 0.45 mg/g. 
The adsorption capacity (mg/g) decreases from 10.41 to 
4.09 mg/g with an increase in adsorbent dosage (0.15–0.45 g). 
The decrease was due to remaining unsaturated active sites 
on the surface of adsorbent for the adsorption of dye [31].

Fig. 4. A graph of TGA/DSC analysis.

Fig. 5. Effect of dye concentration on BG adsorption using 
Pyrus pashia leaves (contact time 50 min; pH = 5; temperature 
298 K).
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3.8. Effect of pH

The most significant parameter in the adsorption 
studies is the solution pH, which affects the charge on the 
adsorbent surface, degree of the molecule of dye (adsor-
bate) ionization, and the degree of functional groups 
detachment on the active sites present on adsorbent. The 
percentage removal of Pyrus pashia leaves is influenced by 
the pH of the BG solution (Fig. 7). The maximum (96.53%) 
removal efficiency was observed with 50 mg/L initial BG 
concentration at pH = 5 with 50 min equilibrium time. The 
increase in pH also enhanced removal efficiency. The repul-
sive electrostatic forces have been generated by positive 
charges on the Pyrus pashia leaves surface which makes the 
adsorption process unfavorable [32,33]. The dye molecule’s 
competition with protons at adsorbent active sites having 
acidic pH are responsible for the low dye uptake capacity 
[34]. The electrostatic attraction due to negative charges 
on the Pyrus pashia leaves surface enhanced the adsorp-
tion process. So the adsorption capacity (12.87 mg/g) was 
obtained at pH = 5 and then declined up to pH = 13. The 
zero point charge (pHzpc) can be used to explain the pH 
effect on the percentage removal of BG. When the pH of the 
solution is below pHzpc then the surface of the adsorbent 
becomes positively charged. Whereas the adsorbent surface 
becomes negatively charged when the pH of the solution is 
above the pHzpc. In the present study, the maximum removal 
efficiency was obtained at pH = 5. The study showed that 
the cationic sites of functional groups are more than ionic 
sites in acidic medium, due to which there is a chelate for-
mation with basic dye ions. More OH– ions in basic pH 
hinder the anionic dye adsorption due to repulsive forces.

3.9. Effect of temperature

The temperature effect was studied by taking 0.15 g 
Pyrus pashia leaves dosage and equilibrium time of 50 min 
with 50 mg/L initial BG concentration at pH = 5. The 
variation of temperature (298–323 K) is shown in Fig. 8. 
The enhancement of removal percentage and dye uptake 
capacity with temperature delineated the endothermic 
nature of the process [25]. The high temperature enhances 

dye molecules’ movements hence dye molecules and the 
surface functional groups reaction activated at elevated 
temperatures [35].

3.10. Adsorption thermodynamics

The characterization of the adsorption process was car-
ried out by thermodynamic studies like entropy change 
(ΔS°), change in free energy (ΔG°) and enthalpy change 
(ΔH°). The graph between 1/T vs. lnK was employed in the 
ΔS° and ΔH° values calculation. The positive ΔH° (60.018) 
is the indication of an endothermic reaction for the BG 
loaded Pyrus pashia leaves adsorption. The spontaneity 
and feasibility of the reaction are also depicted by negative 
values of ΔG° in Table 2. The positive ΔS° (249.66) shows 
an attraction of Pyrus pashia leaves for BG and also shows 
increased randomness at the solid-solution interface (Fig. 9).

3.11. Equilibrium studies

The equilibrium isotherms have been employed for the 
description of adsorbate (dye) taken up by the adsorbent 

Fig. 6. BG loaded Pyrus pashia leaves plot of percentage removal 
vs. adsorbent dose.

Fig. 7. BG loaded Pyrus pashia leaves plot of percentage removal 
vs. pH.

Fig. 8. The percentage removal plot of BG loaded Pyrus pashia 
leaves at variable temperatures.
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(biomass) concentration that remained in a solution. The 
different equations were applied to the equilibrium data 
measured in the adsorption process. The models depict 
information related to the adsorption mechanism, adsorp-
tion capability as well as surface properties of the adsor-
bent. The study shows the calculation of Pyrus pashia leaves 
qe (dye uptake capacity) using isotherm models (Temkin, 
Langmuir and Freundlich) from aqueous solution for per-
cent BG removal [36]. The isotherms adsorption at 303, 313 
and 323 K were carried for BG loaded Pyrus pashia leaves. 
The Langmuir model is more applicable for an explanation 
of the homogeneity of the adsorption sites. The different 
monolayer adsorption studies have been carried out using 
this model [37]. It was investigated that BG loaded Pyrus 
pashia leaves best constraints with the Langmuir isotherm. 
Hence, Ce vs. Ce/qe (Fig. 10) is a straight-line plot having 
(1/Qeb) an intercept and (1/Qe) slope (Table 3). The Langmuir 
isotherm presents adsorbent surface homogeneity. The 
development of equivalent small patches of energy levels 
on the adsorbent surface has been observed during the 
process of adsorption [38]. The R2 (correlation coefficient) 
values (0.9957) are showing best match with Langmuir iso-
therm. The R2 value delineated that the adsorption data for 
BG loaded Pyrus pashia leaves best matches the Langmuir 
isotherm. The maximum adsorption capacity at higher tem-
peratures showed that the BG adsorption onto Pyrus pashia 
leaves is the chemisorption process in which the chemical 
interactions are involved between adsorbent and adsorbate.

Moreover, the Freundlich model is applicable to the non-
ideal or heterogeneous adsorption. This model constraint 

with a multilayer system of adsorption [37,38]. The plot 
of straight-line (Fig. 11) was drawn between lnqe and lnCe 

showing lnK (intercept) and 1/n is (slope). The Pyrus pashia 
leaves adsorption parameters have been narrated in Table 3 
[39]. The data obtained by experiments were also applied to 
the Temkin isotherm model (Fig. 12). This model describes 
that a decline in the heat of adsorption is linear and that the 
adsorption is described by a uniform binding energy distri-
bution. The linear form of the Temkin model is represented 
in Eq. (7). The Temkin constants are shown in Table 3.

3.12. Adsorption kinetics

The adsorption kinetics study can explain the adsorption 
mechanism and the rate of the adsorption process. The dye 
adsorption on the adsorbent (solid) surface can be explained 
by two different mechanisms initially the fast binding of 
adsorbate molecules on the biosorbent surface and then the 
slow intraparticle diffusion. The different kinetic models, 
pseudo-first-order model (PFO), Elovich model, pseudo- 
second-order model (PSO) and intraparticle diffusion 
can be applied to determine the rate as well as the mech-
anism of the adsorption process. Lagergren proposed the 
pseudo- first-order model (PFO) in the following equation.

log log
.

q q q
K

te t e−( ) = −








1

2 303
 (10)

where qe (mg/g) is BG (adsorbed amount) by Pyrus pashia 
leaves at equilibrium and k1 (1/min) is the rate constant for 
the pseudo-first-order model. The graph of ln(qe − qt) vs. t 
(Fig. 13) was employed to calculate the k1 (PFO rate con-
stant). The calculated value of k1 is presented in Table 4. 
The PFO model has also been previously applied for the 
analysis of data [31]. Adsorption kinetics of BG by Pyrus 
pashia leaves was also analyzed by the pseudo-second-order 
model [Eq. (11)].

t
q k q q

t
t e e

= +










1 1

2
2  (11)

Table 2
BG loaded Pyrus pashia leaves results for the thermodynamic 
study

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

303 –16.44
60.018 249.66313 –19.75

323 –22.15

Fig. 9. The plot of adsorption thermodynamics for BG 
adsorbed Pyrus pashia leaves.

Fig. 10. BG loaded Pyrus pashia leaves results of the Langmuir 
isotherm model at varying temperatures.
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The plot of t vs. t/qt was drawn as shown in Fig. 14 for 
the calculation of adsorption capacity at equilibrium (qe) 
and the constant (k2) for pseudo-second-order. The val-
ues of R2 (correlation coefficient) ≥ 0.98 of the PSO model 
were greater than PFO shown in Table 4. The table shows 
that qe,cal values increased as the initial dye concentration 
increases. The qe,cal values are best constraints with qe,exp 
values, for the PSO model [Eq. (11)], where the possibil-
ity of a rate-limiting step is afforded by the PSO model 
which controls adsorption of dye on activated carbon. 
Similar behavior has been delineated from hydrogen sul-
fide treated bagasse [41] and Euphorbia rigida [40]. The BG 
removal behavior in the kinetic models suggests that the 

diffusion mechanism does not account for these models. 
Elovich model (EM) was also studied for the analysis of 
experimental data and its equation is shown as:

q a b tt = + ln  (12)

The graph of lnt vs. qt was employed for the calcula-
tion of constants a and b (Fig. 15), which shows a linear 
relationship [42]. The adsorption kinetics of BG dye on 
Pyrus pashia leaves depending on R2 values followed the 
following order PSO > EM > PFO of kinetic models.

3.13. Statistical analysis

The given equation [Eq. (13)] was applied for error 
analysis, the sum of squared error (SSE).

SSE ,calc ,meas= −( )
=
∑
i

n

e eq q
1

2
 (13)

The best matching of experimental data with lower SSE 
values are shown in Tables 3 and 4.

3.14. Intraparticle diffusion

The intraparticle diffusion was studied by the applica-
tion of Weber and Morris plots [43] for the investigation of 
the mechanism of BG adsorption onto Pyrus pashia leaves. 
According to Eq. (14), the adsorption mechanism depicting 
the diffusion process, the graph of qt and t1/2, should be linear 
[22] and this model is typically represented as:

q K t Ct i= +
1
2  (14)

Table 3
BG loaded Pyrus pashia leaves results for the isotherm adsorption model

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

303 5.208 3.55 0.99 0.005 67.27 26.42 1.82 0.54 0.98 0.255 1.0815 0.98
313 3.802 5.05 0.97 0.004 87.12 17.06 1.68 0.59 0.97 0.239 0.702 0.98
323 9.174 2.13 0.99 0.007 15.17 55.08 1.81 0.55 0.98 0.238 1.550 0.99

Table 4
Results of kinetic studies in BG removal

Pseudo-first-order  
kinetic

Pseudo-second-order  
kinetic

Elovich  
model

Intraparticle diffusion 
model

C0 (mg/L) qe  
(mg/g)

k1  
(min−1)

R2 qe (mg/g) k2 
(×103 g/(mg min))

R2 SSE a b R2 Ki  
(mg/g min1/2)

C R2

10 1.407 0.06 0.88 2.07 0.02 0.98 0.44 0.610 0.50 0.92 0.21 0.09 0.97
20 4.470 0.05 0.93 5.98 0.05 0.99 2.28 1.763 1.61 0.99 0.66 0.04 0.97
30 7.247 0.04 0.94 7.24 0.02 0.98 1.00 2.321 2.47 0.98 1.09 0.39 0.96
40 10.33 0.03 0.96 11.62 0.04 0.98 1.66 2.131 3.13 0.96 1.27 1.35 0.93
50 15.55 0.04 0.93 19.23 0.06 0.99 13.54 4.736 5.04 0.98 2.08 0.65 0.98

Fig. 11. Freundlich isotherm model results at various 
temperatures for BG adsorbed Pyrus pashia leaves.
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where C (mg g−1) denotes the intercept and Ki (mg g−1 min0.5) 
is the rate constant for intraparticle diffusion. The value of 
Ki is obtained from the slope of the linear graph between 
qt vs. t1/2 (Fig. 16). The value of C (Table 4) indicates the 
boundary layer thickness [44,45]. The deviation from this 
model shows the difference between the mass transfer 
rate in the initial and final stages of the adsorption pro-
cess [46]. The sorption process is affected by two or more 
steps if the experimental data has multilinear graphs. At 
the start, the sharper part represented the solute transpor-
tation from the bulk solution to the exterior surface of the 
adsorbent. The next linear part showed the diffusion across 
the liquid film which is surrounding the adsorbent parti-
cle. The third part is due to the diffusion of the particle in 
the liquid confined in the pore and in the adsorbate along 
the pore wall. Fig. 16 represented the graph between qt vs. 
t1/2 for the adsorption of BG onto Pyrus pashia leaves for 
C0 = 10, 20, 30, 40, and 50 mg/L at 25°C. The graphs were 

not linear for the entire time range; which indicated that 
the process of adsorption is controlled by more than one 
process such as intraparticle diffusion and surface adsorp-
tion. The two straight parts or portions were observed for 
C0 = 30, 40, and 50 mg/L, the first and second linear portions 
showing mesopore diffusion and the micropore diffusion, 
respectively [46]. Whereas one linear part showed com-
bined mesopore diffusion for C0 = 20 and 30 mg/L. Hence 
in the process of adsorption, the intraparticle BG diffusion 
in the pores is the rate-controlling step. Comparatively the 
quantity of dye and the BG driving force for the process of 
adsorption is less for C0 = 10 and 20 mg/L than C0 = 30, 40, 
and 50 mg/L; hence, shows the mesopore adsorption which 
is the rate-limiting step. For higher concentrations C0 = 30, 
40, and 50 mg/L, the driving force increases which overcome 
the resistance for adsorption into micropores; which shows 
the rate-limiting step for higher concentrations. As the ini-
tial concentration of BG increases the Ki values also increase  

Fig. 12. Temkin isotherm model results at various temperatures 
for BG adsorbed Pyrus pashia leaves.

Fig. 14. The kinetics of pseudo-second-order for BG adsorbed 
Pyrus pashia leaves.

Fig. 15. The Elovich model for BG adsorbed Pyrus pashia  
leaves.

Fig. 13. Pseudo-first-order kinetics for BG adsorbed on Pyrus 
pashia leaves.
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(Table 4) which showed improved BG diffusion through 
meso and micropores at higher concentrations because of 
greater driving forces [47]. The previous study also revealed 
similar results for the adsorption of BG on sawdust [48], 
kaolin [49], and rice husk ash [50].

In Table 5 the comparison of removal efficiency and 
adsorption capacity with other adsorbents have been nar-
rated. It was observed that the Pyrus pashia leaves showing 
greater removal efficiency than luffa cylindrical sponge, 
Acron based adsorbents and mixed fungal culture. Moreover, 
Pyrus pashia leaves has greater dye uptake capacity than 
cashew nut shell, neem leaf powder, fine grinded wheat 
straw, coir pith carbon and Salix alba.

3.15. Desorption

The wastewater treatment process can become more 
economical due to the spent biosorbent regeneration and 
recovery of dye. The cost of the process may be reduced 
and also decrease the process dependence on a continu-
ous supply of adsorbent. For this reason, the desorption 
of adsorbed dyes and the regeneration of adsorbent for 
another cycle of the application is necessary. The adsor-
bate selected should be effective, environment friendly 
and low-cost. The desorption experiments were also per-
formed for the used adsorbent regeneration process. The 
regeneration possibility experiments for used Pyrus pashia 
leaves were performed by the application of a number of 
reagents (distilled water, KCl, NaOH and HCl). Table 6 is 
showing the results of percentage desorption of BG loaded 
Pyrus pashia leaves with different reagents. The 0.1 M HCl 
demarcates maximum desorption (32.15%).

4. Conclusion

Pyrus pashia leaves were collected from District Bagh, 
Village Rairban Azad Jammu and Kashmir territory of 
Pakistan can be employed as low-cost, efficient and exces-
sively available adsorbent for the brilliant green removal 
from aqueous solutions. The Pyrus pashia leaves powder 
was characterized by FTIR, SEM, Brunauer–Emmett–Teller 
and TGA/DSC measurements. The effect of various factors 
such as initial BG concentration, biosorbent dosage, pH, 
contact time and temperature were investigated. The per-
cent removal of BG was calculated to be 93.35% at 298 K. 

The obtained results were applied on different isotherm 
models: Freundlich Temkin, and Langmuir. The Langmuir 
equation best described the equilibrium isotherms with 
R2 = 0.99. The equation of the pseudo-second-order model 
best described the adsorption kinetics. The thermodynamic 
parameters such as ΔH°, ΔG° and ΔS° were also deter-
mined. The adsorbent (Pyrus pashia leaves) removed 93% 
of BG from wastewater which showed that Pyrus pashia 
leaves is a favorable adsorbent for the efficient treatment of 
wastewater from the textile industry.
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