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a b s t r a c t
The current research was designed to use the Mangifera indica (mango) leaves (MIL) powder for 
eradication of eosin yellow (EY) dye from an aqueous solution at 25°C. Adsorption of eosin yellow 
(EY) onto MIL powder was investigated by X-ray diffraction. The percentage adsorption of EY was 
increased with contact time, mass of MIL powder (adsorbent) and temperature while decreased 
with EY initial concentration. Several non-linear isotherm models were applied in order to investi-
gate EY adsorption onto MIL powder and attained results exhibited that adsorption of EY obeyed 
non-linear Langmuir isotherm model. Determined maximum theoretical adsorption capacity 
was 39.67 mg/g. In addition, EY adsorption onto MIL powder was physical adsorption process. 
Adsorption kinetics of EY adsorption was illustrated by applying non-linear pseudo-first-order and 
pseudo-second-order models. Attained results exhibited that non-linear pseudo-second-order model 
fitted to EY adsorption. Thermodynamics investigations represented the endothermic and sponta-
neous nature of EY adsorption process. The desorption of EY from MIL powder was also studied.

Keywords:  Mangifera indica leaves powder; Dye wastewater treatment; Adsorption; Eosin yellow; 
Acid-treated biomass; Pseudo-second-order model; Endothermic process; Langmuir 
isotherm

1. Introduction

In particular, synthetic dyes were used for leather and
textile dyeing, additives for petroleum products, paper 
printing and color photography [1]. Among most commonly 
used dyes, reactive dyes are gaining importance because 
of high color fastness, vivid colors and luxury usages 

[2,3]. They displayed different chemical structures. It was 
caused by substituted heterocyclic and aromatic groups. 
Many reactive dyes that are connected by azo groups are 
considered as azo compounds [4]. A few reactive dyes are 
poisonous to some creatures as well as they directly elimi-
nated from aquatic life [5]. Furthermore, reactive dyes have 
water soluble nature. As a result, numerous biological and 
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physico-chemical processes can be applied for their dis-
charge from sewage [6,7].

The treatment of dye-contaminated effluents has been 
accomplished using a variety of techniques, such as biolog-
ical treatment [8], adsorption [9], coagulation/flocculation 
[10], oxidation [11], ozone treatment [12], ultrafiltration 
[13], photocatalysis [14] and ion-exchange [15]. Adsorption 
is a dependable alternative to these techniques because 
it is highly effective, simple to use, and has access to a 
variety of adsorbents.

There have been discussed numerous commonly used 
adsorbents that effectively remove dyes [16,17]. Although 
commercial activated carbon (AC) effectively remove the 
color but its widespread use has been constrained by its 
high price. For actual application of the adsorption, finding 
affordable and efficient adsorbents for wastewater treat-
ment should therefore be of significant importance [18]. 
Researchers have demonstrated the application of various 
substances as adsorbents for instance clay material [19–21], 
natural clinoptilolite [22], composites [23], sesame hull 
[24], natural zeolite [25], polyurethane foam [3], modified 
bentonite [26], modified attapulgite [27], activated carbon 
[1], dehydrated beet pulp carbon [4], cross-linked succinyl 
chitosan [28], Gigantochloa bamboo-derived biochar [29], 
crop residues derived biochars [30], Penicillium YWO1 bio-
mass [31], walnut husk [32], Artocarpus odoratissimus leaves 
[33], Eucalyptus barks [2] for eradication of organic pollut-
ants from an aqueous solution. Agricultural by-products 
have demonstrated their prospective as a cheap adsorbent 
in this context, and they are frequently treated chemically 
to improve their ability to adsorb colors [34]. However, 
some of the adsorbents do not possess adequate adsorption 
capabilities against anionic dyes due to their hydropho-
bic/anionic nature of surfaces. Therefore, it is necessary to 
look for adsorbents that are more effective [35].

Pakistan is the fourth-largest producer of mangoes, with 
an annual production of around 17,000 m/t·y [5]. Mango 
leaves contains numerous glucosides like mangiferin, homo-
mangiferin, neomangiferin and isomangiferin. These bio-
polymers have numerous functional moieties including 
hydroxyl, amino, carboxyl and phosphate etc. which pro-
vide binding sites for the molecules of dye [6]. To the best 
of our knowledge, no published work is available in litera-
ture on use of Mangifera indica (mango) leaves (MIL) powder 
for eosin yellow (EY) removal from an aqueous solution.

The main aim of current research is to assess the pro-
spective of MIL powder for EY removal from wastewater 
at 25°C. The effect of dose of adsorbent, dye concentration, 
temperature and contact time on EY adsorption onto MIL 
powder was studied. Adsorption kinetics, thermodynam-
ics isotherms were also investigated in detail. In addition, 
the regeneration of adsorbent was also investiagted.

2. Experimental set-up

2.1. Chemicals and reagents

The analytical grade chemicals were utilized in pres-
ent work. Nitric acid (˃99.0%, Daejung), sodium hydroxide 
(99.5%, Riedel-de Haen) and distilled water (DW) were used 
as received. The eosin yellow (C20H8Br4O5) (purity > 98%) 

dye was bought from Sigma-Aldrich (Massachusetts, 
United States). Fig. 1 represented EY’s chemical structure.

2.2. Preparation of EY (adsorbate)

To prepare 1,000 ppm stock solution of EY, 1 g of EY 
was dissolved into 1 L of distilled water. The EY solutions 
of required concentration were attained by diluting the 
prepared stock solution with distilled water for further 
experiments.

2.3. Preparation of adsorbent

Fresh Mangifera indica leaves were gathered from nearby 
area of district Bahawalpur, Pakistan. To remove dust and 
soil impurities the washing of leaves was carried out using 
tap water and consequently with DW. Then, the washed 
leaves under direct sunlight were dried until leaves turned 
out brownish color. Further, they were oven dried for about 
24 h at 80°C until leaves became crispy. Then, dried leaves 
were crushed using mechanical grinder. To remove the col-
oring components of leaves, the powdered leaves were 
dispersed into distilled water and boiled. After boiling, the 
leaves powder was dried for time duration of 24 h at 100°C 
and then sieved to attain the particle size in 75–250 µm 
range. Furthermore, 50 g of MIL powder was added into 
1.0 M HNO3 solution followed by vigorous stirring. Then 
heated the obtained mixture at 65°C for 2 h and left it the 
whole night at 25°C. Then, washed the contents with DW 
to attain pH of 7 and dried the adsorbent at 80°C until con-
stant weight was attained. Finally, it was used for further 
characterization after being stored in an airtight container.

2.4. Characterization

X-ray diffraction analysis (XRD) was done through 
PANalytical X’Pert PRO diffractometer (Almelo, the 
Netherlands) for structural analysis.

2.5. Adsorption studies

Batch adsorption of EY onto MIL powder was conducted 
as described [5,7–12,14,36–39]. To study contact time effect, 
measured mass of MIL powder was shaked into 30 mg/L 
(25 mL) of EY solution by digital orbital shaker at 180 rpm 
for varying intervals of time from 10 to 90 min at tempera-
ture of 25°C. Effect of mass was evaluated by using mass 
range from 0.08 to 0.40 g keeping solution volume (25 mL), 
concentration (30 mg/L) and constant shaking speed 
(180 rpm) at temperature of 25°C. To demonstrate the initial 

  
Fig. 1. Chemical structure of eosin yellow.
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concentration impact, EY concentration was changed from 
10 to 125 mg/L keeping MIL powder dose, contact time, shak-
ing speed (180 rpm) and temperature constant. Temperature 
influence on the EY removal was evaluated by varying from 
283 to 333 K by maintaining other operational parameters 
constant. The adsorbent was removed from solution by 
using filter paper after adsorption process. The absorbance 
of reaction medium was recorded at 520 nm and adsorp-
tion (%) of dye was calculated.

%Adsorption �
�

�
C C
C
o e

o

100  (1)

q
C C
W

Vt
o t�
�

�  (2)

where Co represents initial concentration and Ce the equilib-
rium concentrations of EY. Similarly, V and W are volume of 
EY aqueous solution and weight of adsorbent, respectively.

To check the reliability and reusability of adsorbents, 
desorption study was also performed by immersing a spec-
ified amount of EY loaded MIL powder into HNO3 aque-
ous solution (0.1 mol/L, desorbing medium) for particular 
interval of time.

3. Results and discussion

3.1. XRD analysis

The chemical composition of the biomass and crys-
talline phases in MIL powder were investigated through 
X-ray diffraction analysis. Attained results are exhib-
ited in Fig. 2. The XRD spectrum of MIL powder indicates 
intense diffraction peaks at 15.21°, 23.83°, 30.31°, 37.07° and 
39.08° corresponding to (100), (002), (111), (220) and (101) 
planes, respectively [16]. The sharpness of peaks indicates 
high purity and crystallinity of sample. These crystalline 
phases reveal that a cellulose material with regular lattice 

properties is present. In this material, the strong secondary 
forces were used to bond the hydroxyl groups [6,16].

3.2. Effect of operating factors

3.2.1. Effect of contact time

Fig. 3a depicts contact time impact on percentage adsorp-
tion of EY from wastewater using MIL powder as adsor-
bent. Herein, the initial concentration of EY in solution was 
30 mg/L and mass of MIL powder 0.30 g at room tempera-
ture. Results indicated that EY removal was increased from 
46.02% to 84.53% with enhancement of contact time at 25°C. 
It can be noticed that EY removal was 93% after 75 min 
which was noticed as maximum removal. After it, there 
was no significant increase in EY discharge from waste-
water. Initially, EY removal was quick because there were 
many empty sites onto adsorbents surface [15,17,40]. Later, 
it became almost constant because the pollutants molecules 
occupied the active sites on adsorbent surface with passing 
time. There was insignificant EY adsorption noticed after 
achieving the equilibrium at 75 min. In further experiments 
of EY adsorption onto MIL powder, the optimum time of 
75 min was used to conduct experimental data.

3.2.2. Effect of MIL powder amount

Fig. 3b illustrates the impact of adsorbent (MIL pow-
der) amount on the discharge of EY from wastewater at 
25°C. Results demonstrated that EY (%) discharge from 
an aqueous solution was increased 45.14% to 93% with 
enhancement in MIL powder mass from 0.08 to 0.4 g. The 
maximum removal was attained at 0.3 g which was used as 
optimum mass to conduct further experiments. With further 
increase in adsorbent dosage it started decreasing. This was 
because of enhancing the number of actives sites with adsor-
bent dose which results in increase EY removal efficiency 
[11,18,41]. Contrary, the reduction in adsorption efficiency 
with enhancing adsorbent doses was because of aggrega-
tion of particles which result in decreasing adsorbent’s sur-
face area and number of active sites [12,30,42]. So, it was 
seen that dye was highly removed at 0.3 g of adsorbent dose.

3.2.3. Effect of pollutant concentration

The concentration’s influence on EY discharge from 
wastewater was illustrated by varying from 25–125 mg/L 
at temperature of 25°C. Fig. 3c exhibits the attained results. 
It can be noted that EY (%) discharge from wastewater was 
declined as the EY starting concentration increased. This 
was associated to enhancement in the concentration gra-
dient’s ability to conquer the dye’s mass transfer resistance 
among the aquatic and solid phases with increasing initial 
dye amount [22,32].

3.2.4. Effect of temperature

To elucidate the temperature impact on EY (%) discharge 
from wastewater, EY adsorption onto MIL powder was con-
ducted by using temperature range from 283–333 K. Fig. 3d 
depicts the attained results. With increasing temperature, 
the increase in EY removal was observed. It represented that 

 
Fig. 2. X-ray diffraction pattern of MIL powder.
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EY discharge from wastewater by using MIL powder was 
an endothermic process. Comparison of MIL powder effi-
ciency for EY removal from wastewater with other reported 
adsorbents in literature is represented in Table 1.

3.3. Adsorption isotherms

3.3.1. Two parameters non-linear adsorption isotherms

The EY adsorption onto MIL powder was illustrated 
through non-linear Freundlich, Langmuir, Temkin, Dubinin–
Radushkevich. The software, that is, IGOR Pro WaveMetrics 
6.2.1 was utilized for applying non-linear regression [17,44]. 
Non-linear chi-square (χ2) analysis is a key statistical tool 
that is well regarded for observing which model fits best. 
Smaller the χ2 value much better the model fits the data 
and the larger the value, the more the experimental results 
deviate from the model [17,32].

Chi-square test ‘χ2’ was used to evaluate which model 
provided the equations with best fit.
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where Qe,m (mg/g) represents equilibrium capacity com-
puted through model and Qe (mg/g) represents equilibrium 
capacity determined utilizing experimental data.

Non-linear Langmuir adsorption isotherm is given 
as [32].
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where Qm (mol/g) and KL (L/mol) indicate Langmuir mono-
layer adsorption capability and Langmuir constant, respec-
tively. For EY adsorption, non-linear Langmuir isotherm 
is represented in Fig. 4 and Table 2 is showing the mea-
sured Qm and KL values. The very lower chi-square value 
(χ2 = 1.430) showing that the Langmuir model fits the EY 
adsorption onto MIL powder.

Non-linear Freundlich isotherm is denoted as [17,32]

q K Ce f e
n= 1/  (5)

where n and Kf are the Freundlich’s isotherm parame-
ters. Freundlich isotherm plot is indicated in Fig. 4. Lower 

 
Fig. 3. (a) Effect of contact time, (b) dose of MIL powder, (c) initial eosin yellow concentration, and (d) temperature on eosin 
yellow release from wastewater.
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chi-square value (χ2 = 4.011) depicted that EY adsorption 
followed Freundlich isotherm. Table 2 is depicting the 
experimentally measured values of Freundlich endowments 
(n and Kf).

Temkin adsorption isotherm is represented as:

q RT
b

a Ce
T

T e� � �ln  (6)

where T (K) and R (J/mol·K) represent absolute tempera-
ture and gas constant, respectively and bT and aT are associ-
ated with heat of adsorption and equilibrium binding con-
stant corresponding to highest binding energy, respectively. 
Fig. 4 depicts non-linear Temkin adsorption isotherm plot 
and calculated values of bT and aT are provided in Table 2. 
For it, the Chi-square result showing that Temkin adsorp-
tion isotherm was followed by EY adsorption onto MIL  
powder.

To differentiate EY adsorption onto mango leaves either 
physical or chemical adsorption, Dubinin–Radushkevich 

isotherm was employed [27]. Non-linear Dubinin–
Radushkevich isotherm is shown as:

q Ce m� �� �exp ��2  (7)

The Polanyi potential “ε” is shown in Eq. (8):
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where R (J/mol·K) and T (K) reveal gas constant and abso-
lute temperature, respectively. β indicates mean adsorp-
tion energy in Eq. (7):

E �
1
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Fig. 4 is representing the Dubinin–Radushkevich iso-
therm plot. Herein, (<8 kJ/mol) mean adsorption energy 
suggest the physiosorption while (>8 kJ/mol) reveal 
chemisorption ion-exchange processes [45]. Determined 
mean adsorption energy values of 7.46 kJ/mol exhibited 
physical adsorption of EY onto MIL powder [12,14,15,42].

3.3.2. Three parameters non-linear adsorption isotherms

The plots of 3-parameter isotherms containing Toth, 
Hill,    Redlich–Peterson, and Sips isotherms for adsorption 
of eosin yellow are represented in Fig. 5.

Non-linear Redlich–Peterson isotherm is given as:

Q
K C
a Ce
R e

R e
g�

�1
 (10)

where KR, aR and g are the Redlich–Peterson’s iso-
therm parameters. Ce indicates liquid phase adsorbent 

Table 1
Comparison of adsorption capacity of MIL powder with 
various adsorbents reported in literature

Adsorbent Adsorption 
capacity (mg/g)

References

Pineapple peels 11.76 [24]
Peanut shell 0.351 [23]
Teak leaf litter powder 31.64 [25]
Lemon peel 8.240 [31]
Date palm fronds 217 [43]
Sunflower husk 19.103 [26]
Rice husk 25.04 [21]
Oil bean seed shells based 
activated carbons

30.2 [28]

Wood saw dust 1.206 [19]
Clay/carbon composite 4.04 [20]
Mangifera indica leaves 39.67 Present study

 

Fig. 4. Non-linear graph of Temkin, Langmuir, Dubinin– 
Radushkevich and Freundlich for adsorption of eosin yellow 
onto MIL powder from wastewater.

Table 2
Determined adsorption isotherm parameters for eosin yellow 
adsorption onto MIL powder

Adsorption isotherms Determined 
parameters

Langmuir isotherm
Qm 39.67
KL 0.019
χ2 1.430

Freundlich isotherm
n 0.853
Kf 6.089
χ2 4.011

Temkin isotherm
bT 4.904
aT 4.509
χ2 8.202

Dubinin–Radushkevich 
isotherm

Cm 0.013
β 0.009
χ2 5.811
E 7.46

Qm: mg/g; KL: L/mol; Kf: mol/g; bT: kJ/mol; AT: L/mg; β: mol2/J2; 
Cm: mg/g; E: kJ/mol
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concentration at equilibrium and Qe represents adsorbate 
loading on MIL powder adsorbent at equilibrium. Non-
linear Redlich–Peterson isotherm plot is indicated in Fig. 5. 
Lower chi-square value (χ2 = 6.433) depicted that EY adsorp-
tion followed Redlich–Peterson isotherm. Experimentally 
determined values of Redlich–Peterson constants are 
represented in Table 3.

Non-linear Hill isotherm is given as:

q
q C
K Ce
h e
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d e
n

h

h
�

�

�
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where Kd, Qh and nh are Hill isotherm constants. Fig. 5 
depicts the non-linear Hill isotherm plot and Table 3 is pro-
viding calculated values of Kd, nh, and Qh. According to the 

results Hill isotherm model is very good with χ2 = 9.137 
for EY adsorption onto MIL powder.

Non-linear Sips isotherm is given as:
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where Ks and as represent Sips isotherm model constants 
whereas βs indicates Sips isotherm exponent. Fig. 5 depicts 
the non-linear Sips isotherm plot and Table 3 is showing 
calculated values of Ks, βs and as. The investigation showed 
that the value of χ2 is 0.956. Therefore, the adsorption of 
EY onto MIL powder is best described by Sips isotherm  
model.

Non-linear Toth isotherm is given as:

Q
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T e

T e

t�
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 (13)

where kT, T and aT indicate Toth isotherm constants. Non-
linear Toth isotherm plot is indicated in Fig. 5. Lower chi-
square value (χ2 = 1.431) depicted that EY adsorption fol-
lowed Toth isotherm. Experimentally determined values of 
Toth constants (kT, aT and T) are represented in Table 3.

3.4. Adsorption kinetics

EY adsorption onto MIL powder was subjected to 
non-linear pseudo-first-order and pseudo-second-order 
models for illustrating kinetics of adsorption. By applying 
non-linear pseudo-first-order and pseudo-second-order 
models calculated kinetic endowments; utilized the software 
IGOR Pro 6.1.2, WaveMetrics.

Non-linear pseudo-first-order equation given as:

Q Q et e
kt� �� ��1  (14)

Non-linear pseudo-second-order equation is repre-
sented as:

Q
k Q t
k Q tt
e

e
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2

2
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where Qe (mg/g) indicates the quantity adsorbed at equi-
librium, t (min) represents time, Qt represents quantity 
adsorbed at “t”, time, k1 and k2 (g/mg·min) repre-
sent pseudo-first-order and pseudo-second-order rate  
constants.

For EY adsorption onto MIL power, the graphical rep-
resentation of non-linear pseudo-first-order and pseu-
do-second-order kinetics is denoted in Fig. 6 and Table 4 
shows the experimentally calculated constants values and 
theoretical Qe values.

Table 4 presents measured ‘χ2’ values. The compari-
son of experimental data with model-derived data gen-
erally revealed that whether the data are identical in this 
instance ‘χ2’ would indicate a limited number and vice versa. 
To calculate kinetic constants for the adsorption pseudo- 
second-order model is more trustworthy as confirmed by 
the obtained lower ‘χ2’ (non-linear) values.

 

Fig. 5. Non-linear plots of Hill, Redlich–Peterson, Sips and Toth 
for the adsorption of eosin yellow onto mango leaves from 
wastewater.

Table 3
Determined endowments of three parameters  non-linear adsorp-
tion isotherms  for eosin yellow adsorption onto MIL powder

Adsorption isotherms Determined 
parameters

Redlich–Peterson

KR 1.668
aR 8.818
g 1.107
χ2 6.433

Hill isotherm

Qh 5.158
nh 1.341
Kd 0.112
χ2 9.137

Sips isotherm

Ks 1.013
βs 1.043
as 5.684
χ2 2.367

Toth isotherm

kT 0.956
at 1.077
T 0.381
χ2 1.431
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3.5. Adsorption thermodynamics

The thermodynamics of EY adsorption onto MIL 
powder was investigated through determining entropy, 
Gibb’s free energy change and enthalpy using following  
equations:

lnK S
R

H
RTc �

� �
�
� �  (16)

K
C
Cc
a

e

=  (17)

� � � � � � � �G H T S  (18)

where ΔH° (kJ/mol), R, ΔG° (kJ/mol), ΔS° (J/mol·K) and Kc 
denote enthalpy change, general gas constant, Gibb’s free 
energy change, entropy change and equilibrium constant, 
respectively. Fig. 7 depicts the graph between 1/T and lnKc 
for EY adsorption and calculated thermodynamic fac-
tors are presented in Table 5. The experimental outcomes 
revealed the endothermic nature of EY adsorption onto 
MIL powder as proved by the positive enthalpy change 
value (ΔH° = 12.13 kJ/mol) [34,35]. In addition, the positive 
entropy value (ΔS° = 0.058 J/mol) for EY adsorption onto 

MIL powder revealed that randomness increases at the 
adsorbent–adsorbate interface [46–48]. Negative ΔG° value 
exhibited that adsorption process possessed spontaneous in 
nature. At higher temperatures, unfeasibility of adsorption 

 

Fig. 6. Non-linear pseudo-first-order and pseudo-second- 
order kinetic plots regarding eosin yellow adsorption upon 
MIL powder from wastewater.

Table 4
Non-linear pseudo-second-order and pseudo-first-order pa-
rameters for eosin yellow adsorption onto mango leaves 
adsorbent

Adsorption kinetics Calculated parameters

Pseudo-first-order model
Qe 1.846
k1 0.058
χ2 0.061

Pseudo-second-order model
Qe 2.179
k2 0.032
χ2 0.063

k1: min–1; k2: g/mg·min; Qe: mg/g
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Fig. 7. 1/T vs. lnk plot regarding eosin yellow adsorption at 
MIL powder.

 
Fig. 8. Percentage desorption of eosin yellow.

Table 5
Thermodynamic parameters regarding eosin yellow adsor-
ption from wastewater upon MIL powder

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

283

12.13 0.058

–4.42161
293 –5.00669
303 –5.59176
313 –6.17683
323 –6.76191
333 –7.34698
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was signified by decline in Gibb’s free energy value with 
rising temperature [22].

3.6. Regeneration of adsorbent

In the course of treating wastewater, the MIL powder 
adsorbent regeneration and EY recovery are crucial crite-
ria. There were numerous attempts made for the recovery 
of EY from MIL powder surface using HNO3 (desorbing 
medium). In batch mode, several molarities of HNO3 
solution were utilized. For this purpose, dye loaded MIL 
powder (fixed amount) was soaked into nitric acid solu-
tion to recover EY. Using 1.0 mol/L of nitric acid solution, 
the highest recovery was attained within 10 min. Attained 
results for regeneration of adsorbent and recoveries 
of EY are represented in Fig. 8.

4. Conclusions

In current work, we illustrated EY adsorption onto MIL 
powder from an aqueous solution at 25°C. The EY removal 
was increased with increasing temperature, MIL powder 
mass, and contact time while decreased with initial concen-
tration of EY. Non-linear Langmuir isotherm was well fitted 
to EY adsorption onto MIL powder because of the lower chi-
square value (χ2 = 1.430). The mean adsorption energy value 
(E = 7.46 kJ/mol) demonstrated physical nature of adsorp-
tion process of EY onto MIL powder. In addition, non-linear 
pseudo-second-order kinetics was obeyed by EY adsorp-
tion. Thermodynamics illustrations indicated the sponta-
neous and endothermic nature of EY adsorption process. 
Consequently, the excellent adsorption efficiency revealed 
that MIL powder has the potential for being an outstanding 
adsorbent for removing EY from aqueous solution at 25°C.
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