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a b s t r a c t
Zinc chloride (ZnCl2) was used for modification of the adsorptive properties of Neem leaves powder. 
Fourier-transforms infrared spectroscopy, and Brunauer–Emmett–Teller surface analyzer were 
applied to investigate the physical and chemical properties of the prepared sample. It was found 
that the surface area, density, average pore width, pore volume and pHZPC of the modified adsor-
bent are 58.6 m2 g–1, 0.7 g cc–1, 13.8 Å, 0.106 cm3 g–1 and 6.8, respectively. Adsorption of potassium 
permanganate (KMnO4) by this adsorbent was also examined. The effects of pH, adsorbate initial 
concentration, time and temperature were also investigated. The real experimental conditions were 
observed to be pH of 7, KMnO4 concentration of 1,000 mg L–1, 120 min contact time and temperature 
of 55°C. Kinetic experimental data in the case of diluted and concentrated solutions were described 
well by the kinetic models of second-order and first-order. Langmuir, Freundlich, and Temkin iso-
therm models were applied. It was observed that the model of Langmuir was the best for describing 
the equilibrium data. 775.19, 925.93, and 1,066.79 mg g–1 was the adsorption capacities at 25°C, 40°C, 
and 55°C, respectively. Thermodynamic parameters designate that the adsorption obtained in this 
research is an endothermic and spontaneous process.
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1. Introduction

Potassium permanganate (KMnO4) is usually applied 
as an oxidizing agent to control odors, taste, disinfection 
byproducts, and biological growth in the case of treatment 
plants [1]. It is also used for the elimination of organic pol-
lutants (dyes, phenols), cyanide, and some heavy metals 
(manganese, iron) from wastewaters [1–5]. Moreover, the lon-
ger chains of organic compounds can be split and oxidized 
by using KMnO4 [4,5]. It was also reported that KMnO4 is 
inhalation and skin irritant, swallowing of it may cause death 
and has a hazard effect on the eye [6]. Thus, fluidized-bed 
crystallization technology [7] and adsorption method using 
various adsorbent have been applied for the purification of 
water and industrial wastewaters from KMnO4. Granular 

activated charcoal [1], activated carbon derived from corncob 
and bone of animal [8], coconut shells derived activated 
carbon [3] and modified activated carbon with sulfuric acid 
[9] were used for adsorption of KMnO4 from aqueous solu-
tions. The adsorption capacities of those types of activated 
carbon towards KMnO4 are summarized in Table 1.

Azadirachta indica (Neem) has an extensive range of 
biological activities [10]. Therefore, this tree has been used 
as a traditional remedy for families in India and its neigh-
boring countries for a long time ago [10]. The leaf extract of 
this tree was used as a reduction agent for the preparation 
of silver nanoparticles [11]. Oil and more than 135 chemi-
cal compounds were also separated by extraction processes 
from seeds, bark, and leaves of the Neem tree and used as 
inhibitors for the growth of viruses, fungi, and bacteria [12].
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Moreover, Neem leaves powders have been applied 
as a low-cost adsorbent for the elimination of organic and 
inorganic hazard materials from water and industrial waste
waters. For example, the solid powders prepared from the 
Neem leaves were used for removal of Congo red, and Methyl 
orange dyes [13], Methyl red and Potassium dichromate [14], 
Malachite green [15], Methylene blue [16], cadmium and 
lead [17], chromium (VI) [18–20], chloride, hardness and 
total dissolved solids [21] and lead (II) [22] from contami-
nated wastewaters. Moreover, Neem stems charcoal has been 
used for removal of flurried from a stock solution of sodium 
flurried [23].

The adsorption achievements of Neem powder adsor-
bent towards organic and inorganic pollutants are listed in 
Table 2. It can be seen from this table that Neem steam and 
leaves powders have superior adsorption efficiency. Despite 
the higher adsorption capacities of this low or no cost adsor-
bent, there is no attempt has been carried out till now to 
evaluate the ability of Neem leaves powder for adsorption 

of KMnO4 from aqueous solution. Thus, the main objective 
of this work is to investigate the isotherm, kinetic, and ther-
modynamic parameters for adsorption of KMnO4 on the 
surface of Neem leaves powder. Moreover, factors affecting 
the adsorption rate and capacity of this adsorbent towards 
KMnO4 were also studied.

2. Research experimental

2.1. Adsorbent preparation and characterization

The matured leaves of Azadirachta indica were collected 
from Al Manshiah-Al Jadida, Tabuk, Kingdom of Saudi 
Arabia. These leaves were washed much time using distilled 
water and dried at room temperature for 3–4  d. The dried 
leaves were powered by an electrical blender; 100  g of the 
powder was extracted with 300 mL of ethyl alcohol for 8 h at 
the boiling point ranged from 60°C to 80°C using a Soxhlet 
apparatus. The extract was separated using filter paper, evap-
orated to dryness in a rotary vacuum evaporator and used for 
another work. The residue was washed many times by tap 
water, two times by distilled water and then dried in an oven 
overnight at 120°C. A 65 g of the dried Neem powder was 
socked with 250 mL of 30% w/w Zinc chloride (ZnCl2) and 
refluxed for 2 h. The mixture was filtered using a Buchner 
funnel and the residue was also washed one time by 1 M HCl 
solution and several times by distilled water. The produced 
adsorbent was dried at 120°C for 5 h in an oven and kept in 
desiccators for other uses.

The surface functional groups of the prepared sample 
were identified by using the Fourier-transform infrared spec-
troscopy (FT-IR) (Nicolet iS5 of Thermo Scientific FT-IR, USA). 
Whereas, the surface morphology of the raw material and 
adsorbent obtained were analyzed by using scanning electron 
microscopy (SEM) technique. The physical properties such as 
the density, surface area, pore volume and average pore width 
of the prepared adsorbent were determined by adsorption-
desorption of nitrogen gas at 758.58 mm Hg and 77.35 K using 
Brunauer–Emmett–Teller surface analyzer (Quantachrome 
Nova Win2 Ver.2.2, USA). Moreover, the pHZPC of the modi-
fied adsorbent Neem produced in this work was determined 
by applying the method of Theydan and Ahmed [24].

2.2. Impact of pH

Experimental solutions of KMnO4 with a concentration 
of 600 mg L–1 and different pH values ranged from 1.6 to 12 

Table 1
Adsorbent used for removal of KMnO4 from aqueous solution

Adsorbents qmax (mg g–1) Sources

Modified Neem leaves powder 775.19 25°C Present study
925.93 40°C
1066.79 55°C

Granular Activated Charcoal 57.47 [1]
Animal bone derived activated carbon 28.04 [8]
Corncob derived activated carbon 26.00 [8]
Coconut shells derived activated carbon 23.25 [3]
Modified activated carbon 100.0 ± 0.5% [9]

Table 2
Adsorption capacities of organic and inorganic material on the 
surface of Neem leaves powder

Adsorbates qmax (mg g–1) References

Congo red 24.81 [13]
Methyl orange 21.23 [13]
Methyl red 1,900.00 [14]
Potassium dichromate 5,304.00 [14]
Malachite green (Neem bark) 166.00 [15]
Malachite green  
(acid treated Neem bark)

500.00
[15]

Methylene blue 249.25 298 K [16]
263.93 308 K
178.57 318 K

Cadmium 8.10 [17]
Lead 3.51 [17]
Chromium (VI) 145.77 [18]
Chromium (VI) 58.82 [19]
Chromium (VI) 26.95 [20]
Lead (II) 833.30 [22]
Fluoride 1.27 [23]
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were prepared using 1 M of HCl or NaOH solution. A 10 mL 
of each solution was added to 30 mL amber bottle containing 
10 mg of the adsorbent used in this research. The sealed bot-
tles were shaken at room temperature and 150 rpm for equi-
librium contact time using a shaker incubator. The mixtures 
were separated by filtration, and the final concentration of 
supernatant along with the amount of KMnO4 adsorbed on 
the surface of this adsorbent was determined as mentioned 
in the equilibrium and thermodynamic section.

2.3. Kinetic experiments

10 mL of 200, 300, 400 and 600 mg L–1 KMnO4 solutions 
(pH = 7) were added to amber bottles containing 10 mg of 
Neem leaves powder modified by ZnCl2; then the bottles 
were placed in shaker incubator and agitated at room tem-
perature, 200 rpm for 5 min. The components of each mix-
ture were separated by filtration and the final concentration 
of KMnO4 in the suspensions was measured at 525 nm using 
a UV-VIS spectrophotometer (Jenway, Model 6800, and the 
UK). Similar procedures were repeated at 15, 30, 45, 60, 120, 
180, and 240 min. The amount of KMnO4 adsorbed by this 
adsorbent at any time t (qt) was calculated from Eq. (1):

q V
m
C Ct t= −( )0 	 (1)

V: volume of KMnO4 solution (L), m: the mass of modi-
fied Neem leaves powder (g), C0: KMnO4 initial concentration 
(mg L–1), Ct: concentration of KMnO4 at any time t. The linear 
forms of the kinetic models listed in Table 3 have been used 
to investigate the kinetic parameter. The above-mentioned 
experiments were performed to investigate the adsorption 
rate, effect of agitation time, and kinetic parameters for 
adsorption of KMnO4 on the modified Neem leaves powder.

2.4. Equilibrium and thermodynamic experiments

10 mL of each one of the eight solutions of KMnO4 with 
different concentrations in the range of 200–1,500  mg  L–1 
was mixed with 10 mg in 30 mL amber bottles. The bottles 

were sealed and shaken in a shaker incubator at neutral pH 
(pH = 7), 200 rpm, and 25°C for 22 h. The solutions of KMnO4 
were separated by filtration, and the residual concentration 
of each solution was measured at 525  nm using a UV-VIS 
spectrophotometer. The similar processes were also tack 
placed at 40°C and 55°C. The amounts of KMnO4 uptake to 
the surface of the modified Neem leaves powder at equilib-
rium were evaluated using Eq. (2):

q V
m
C Ce e= −( )0 	 (2)

C0 (mg L–1): concentration of KMnO4 before adsorption, 
Ce: concentration of KMnO4 (mg  L–1) after equilibrium, 
m: adsorbent mass (g), V: volume of adsorbate solution (L). 
The obtained data for adsorption at equilibrium were ana-
lyzed using the linear forms of the isotherm models sum
marized in Table 4.

The dimensionless factor (RL) of the Langmuir isotherm 
model was computed using Eq. (3):

R
K CL
L

=
+
1

1 0

	 (3)

C0: the highest initial concentration of KMnO4 solution, 
KL: Langmuir constant.

Eqs. (4)–(6) were applied in this work for calculation of 
the parameters associated with adsorption thermodynamic 
of 1,000; 1,200 and 1,500  mg  L–1 KMnO4 solutions by the 
prepared adsorbent sample.

lnK H
RT

S
Rc = −

°
+

°∆ ∆ 	 (4)

K
q
C

Pc
e

e

= × 	 (5)

∆ ∆ ∆G H T S° = ° − ° 	 (6)

Table 3
Linear forms of kinetic models

Kinetic model name Equations

Pseudo-first-order kinetic 
model

log log( )
.

q q q K t
e t e−( ) = − 1 2 303

Pseudo-second-order 
kinetic model

t
q K q

t
qt e e

=
( )

+
1

2

2

Intra-particle diffusion 
kinetic model

q K t Ct = +dif

qe (mg g–1): adsorption quantity at equilibrium, qt (mg g–1): 
adsorption amount any time t (min), K1 (min–1), K2 
(g mg–1 min–1) and Kdif (mg g–1 min–1)–1/2: rate constants of the 
pseudo-first-order, pseudo-second-order and intra-particle 
diffusion kinetic models, respectively, C: another kinetic 
constant.

Table 4
Linear forms of isotherm models

Isotherm model name Equations

Langmuir isotherm model
C
q q K

C
q

e

e L

e= +
1

max max

Freundlich isotherm model ln ln lnq K
n

Ce F e( ) = ( ) + ( )1

Temkin isotherm model q B K B Ce T e= ( ) + ( )1 1ln ln

qmax (mg g–1): maximum adsorption capacity related to the 
amount of KMnO4 required for making a complete monolayer 
on the surface of the adsorbent, KL, KF, and KT: constants of 
Langmuir, Freundlich, and Temkin, in that order. Also, n and 
B1: constants related to the intensity of the adsorption and 
adsorption heat, respectively.
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∆H°, ∆S°, and ∆G°: the changes in standard enthalpy, 
entropy, and free energy, respectively. T: the temperature of 
adsorption (K), P is the density of the solution (P = 1000 g L–1) 
and R: the universal of gas constant (8.314 J K–1 mol–1).

The obtained data in this section were also used for 
examining the impacts of KMnO4 initial concentration and 
temperature on the adsorption performance of modified 
Neem leaves powder towards KMnO4.

3. Results and discussion

3.1. Modified Neem leaves powder properties

The FT-IR spectra results of the adsorbent prepared 
sample were demonstrated in Fig. 1. This figure illustrates 
that four main absorption peaks are appearing in the regions 
of 1,162; 1,720; 2,928 and 3,327 cm–1. These peaks represent 
the stretching vibration of S=O, C=O, –CH– and primary 
amide, respectively. Figs. 2 and 3 illustrate SEM images of 
the raw and modified Neem leaves powder, respectively. In 
comparison between these two images, it can be observed 
that the surface of modified adsorbent has expanded cav-
ities and irregular macropores more than that of the raw 
Neem leave powder which allows the adsorbate particles 
to distribute easily through the micropores of the modified 
Neem leaves powder.

The physical and chemical properties like density, sur-
face area, pore-volume, average pore width and pHZPC of the 
prepared adsorbent were found to be 0.7 g  cc–1, 58.6 m2g–1, 
0.106 cm3g–1, 13.8 Å, 6.8, respectively. These results indicate 
that the modified adsorbent has a significant surface area, 
pore volume and pore width that have positive effects on the 
adsorption capacity and rate.

3.2. Adsorption studies

3.2.1. Variation effect of pH

The value of solution pH is a very important factor 
affecting the adsorption process as this factor not only 
impacts the chemical properties of the adsorbate but also 
has a significant effect on the adsorbent surface charge [25]. 
Since the adsorbate presents in the ionic form when solution 
pH is higher than the pKa of adsorbate [25]. Furthermore, 

the charge on the surface of the adsorbent will be positive 
and negative if pH less than and higher than the adsor-
bent pHZPC, respectively [25]. In this work, the relationship 
between qe mg g–1 and pH was plotted as represented in Fig. 4. 
As shown in this figure, the amount of KMnO4 adsorbed at 
equilibrium is increased and decreased when solution pH 
increased in the ranges of (1.6–7) and (7–12), respectively. 
This can be elucidated by the fact of the adsorbent surface 
(pHZPC = 6.8) is positively charged when pH values ranged 
from 1.6 to 7 and the adsorption process occurred due to the 
electrostatic attraction forces between negatively charged 
ions of MnO4

– and the positively charged adsorbent surface. 
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Fig. 1. FT-IR spectrum for the modified Neem leaves powder.

 

Fig. 2. SEM image of the raw Neem leaves powder.

 

Fig. 3. SEM image of the modified Neem leaves powder.

 

Fig. 4. Effect of pH solution on the adsorption capacity of KMnO4 
on modified Neem leaves powder.
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Whereas, the surface of adsorbent be negatively charged 
when pH becomes over 7 and then the electrostatic repul-
sion forces between MnO4

– ions and the negative charges of 
the adsorbent surface will start their negative effect on the 
adsorption capacity.

Similar results were reported by Ezeugo and Anadebe [8] 
for adsorption of KMnO4 on activated carbon derived from 
corncob and animal bone.

3.2.2. Kinetic studies

Adsorption of 10 mL KMnO4 solutions with four differ-
ent initial concentrations (200, 300, 400, and 600 mg L–1) and 
the optimal pH value (pH = 7) on the modified Neem leaves 
powder was carried out at various periods time (5, 15, 30, 
45, 60, 120, 180, and 240  min) to investigate the impact of 
adsorption agitation time and adsorption kinetic parameters. 
The amounts of KMnO4 adsorbed (qt mg  g–1) were plotted 
against time (t min) as illustrated in Fig. 5. This figure shows 
that the quantity of KMnO4 adsorbed onto the adsorbent sur-
face is regularly increased with increasing agitation time and 
be invariable over 60 min for each concentration. Moreover, 
it can be seen from this figure that the initial slope related to 
the higher KMnO4 initial concentration (600 mg L–1) is higher 
than that of the other concentrations. This can be explained 
by the fact of its superior driving force of the adsorption phe-
nomenon, which makes its adsorption fast comparing with 
other concentrations. The results obtained in this research 
are agreed well with the results reported for adsorption of 
chromium (IV) ion from aqueous solution using eucalyptus, 
Neem and mango leaves [26].

The relationships between log (qe  –  qt) vs. t (pseu-
do-first-order kinetic model), t/qt vs. t (pseudo-second-
order kinetic model) and qt vs. t1/2 (intra-particle-diffusion 
kinetic model) were plotted as can be seen in Figs. 6a–c 
respectively. The kinetic parameters for KMnO4 adsorption 
on the surface of this adsorbent were evaluated from the 
slopes and intercepts of these plots and listed with values 
of the correlation coefficient, R2, in Tables 5 and 6. As can 
be noted from Table 5, the correlation coefficient values 
of the pseudo-second-order at lower concentrations (200, 
300 mg L–1) are higher than that of pseudo-first-order and 
the values of qe calculated from slopes of linear plots of the 
second-order model almost agree well with the experimen-
tal values of qe. This confirms that the second-order model 
can be applied for describing the kinetic experimental data 
for adsorption of KMnO4 by modified Neem leaves pow-
der in the case of diluted solutions. This also suggests that 

adsorption of KMnO4 by this adsorbent is chemisorption 
at lower concentrations. The chemical adsorption occurred 
due to the electrostatic attraction forces between the posi-
tively charged active sites on the adsorbent surface and 
negatively charged ions of MnO4

–. Similar results have been 
reported for adsorption of Malachite green on potato peel 
and Neem bark [15].

It can also be observed from Table 5 that there are sig-
nificant differences between the experimental and calculated 
values of qe using both first- and second-order kinetic models 
at higher concentrations (400 and 600 mg L–1). This indicates 
that the adsorption of KMnO4 on modified Neem leaves 
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Fig. 5. Effect of the contact time on the adsorption of KMnO4 by 
modified Neem leaves powder.

Table 5
Pseudo-first and pseudo-second-order parameters and experimental qe values for KMnO4 adsorption on modified Neem leaves 
powder at different initial concentrations and 25°C ± 1°C

C0 (mg L–1) qe,exp (mg g–1)

Pseudo-first-order Pseudo-second-order

qe,cal (mg g–1) K1 (h–1) R2 qe,cal (mg g–1) K2 (g mg–1 min–1) R2 Rate

200 197.91 77.82 0.0223 0.898 204.08 0.00064 0.999 0.131
300 285.01 193.06 0.0258 0.998 303.03 0.00023 0.999 0.070
400 363.92 326.44 0.0228 0.991 400.00 0.00010 0.997 0.040
600 526.03 616.88 0.0251 0.988 625.00 0.00004 0.961 0.025

Table 6
Parameter values of the intra-particle diffusion model for KMnO4 
adsorption on modified Neem leave powder at different initial 
concentrations and 25°C ± 1°C

Region I Region II

C0 Kdif C R2 Kdif C R2

(mg L–1) (mg h–1/2 g–1) (mg h–1/2 g–1)

200 13.58 78.21 0.993 1.18 180.41 0.841
300 28.37 34.45 0.993 1.67 259.85 0.916
400 32.86 22.22 0.997 4.74 291.29 0.988
600 49.55 –26.45 0.996 7.29 414.98 0.966
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powder has been occurred by multiple mechanisms at higher 
concentrations.

The higher values of C (Table 6) indicate that the exter-
nal diffusion plays a major role in the adsorption process 
since the value of C is associated with the boundary layer 
thickness [27]. Moreover, it can be seen from Fig. 6c that the 
plots were not linear over the full-time range and separated 
into two linear regions. This confirms that the adsorption of 
KMnO4 on modified Neem leaves powder has been occurred 
by multiple steps. Similar results have been reported for 
adsorption of Methyl orange by cationic surfactants modi-
fied coffee waste [28].

3.2.3. Equilibrium studies

In this section, the amounts of KMnO4 adsorbed at equi-
librium and optimal pH value (qe mg  g–1) by the prepared 
adsorbent were plotted against the primary concentration of 
KMnO4 solutions (C0 mg L–1) at temperatures of 25°C, 40°C 
and 55°C as can be observed in Fig. 7. This figure indicates 
that the adsorbate initial concentration has a positive effect 
on the adsorption capacity of KMnO4 on the surface of the 

adsorbent sample used in this research. This result can be 
explained by the fact of increasing the initial concentration 
leads to increasing the dynamic force that has the ability to 
reduce the mass movement resistances of KMnO4 molecules 
at the liquid and solid interface [29,30]. It can also be noted 
from Fig. 7 that the quantities of KMnO4 uptake almost be 
constant over 1,000  mg  L–1 because the adsorbent surface 
has no empty active sites to accept additional particles of 
KMnO4 if the adsorbate initial concentration raised up 
1,000 mg L–1 [29,30]. Moreover, this figure demonstrates that 
the temperature also has a positive impact on the adsorp-
tion capacity of the modified Neem leaves powder towards 
KMnO4, indicating that the adsorption in this work is the 
endothermic process. Increasing the adsorption capacity by 
elevating temperature from 25°C to 55°C was due to raising 
the kinetic energy of the KMnO4 molecules and decreasing 
the viscosity of KMnO4 solution [31]. The same results were 
noted in the case acid red 27 dye adsorption by activated 
carbon prepared from coconut husk fiber and commercial 
activated carbon granular [32]. The endothermic process 
was also reported for adsorption of Methylene blue by 
commercial activated carbon [33].

0 20 40 60 80 100 120 140 160 180 200

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

 200 mg/L
 300 mg/L
 400 mg/L
 600 mg/L

lo
g 

( q
e -

 q
t )

t   (min)

(a)

0 20 40 60 80 100 120 140 160

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

 200 mg/L
 300 mg/L
 400 mg/L
 600 mg/L

t /
 q

t   
(m

in
 g

 /m
g)

t  (min)

(b)

2 4 6 8 10 12 14 16

100

200

300

400

500

600

 200 mg/L
 300 mg/L
 400 mg/L
 600 mg/L

q t   
(m

g/
g)

t 1/2     (min)1/2

(c)

Fig. 6. Pseudo-first-order, pseudo-second-order and Intra-particle diffusion kinetic models for KMnO4 adsorption on modified Neem 
leaves powder.
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Langmuir, Freundlich, and Temkin isotherm mod-
els were applied in this research to investigate the iso-
therm parameters for adsorption of KMnO4 on modified 
Neem leaves powder at 25°C, 40°C and 55°C. Figs. 8a–c 

demonstrate the plots of Langmuir, Freundlich, and Temkin 
equations, respectively. Isotherm constants of Langmuir 
(qmax, KL), Freundlich (KF, n) and Temkin (KT, BI) were cal-
culated from the slopes and intercepts of these three mod-
els’ plots. The values of these parameters are along with 
values of R2 of each model are listed in Table 7. Eq. (3) was 
used for calculating the values of the dimensionless factor 
(RL) of the Langmuir isotherm model, which are listed in 
Table 7. Values of RL and 1/n (Table 7) are in the ranges of 
(0.0031–0.0314) and (0.157–0.321), respectively. This con-
firms that the experimental conditions applied in this work 
are favorable [34]. Fig. 8, along with the values of R2, indicat-
ing that the experimental equilibrium data obtained in this 
research can be analyzed by Langmuir model better than the 
other two models. This makes sure that the adsorption of 
KMnO4 by the adsorbent used in this work is a monolayer 
and the modified Neem leaves powder has homogeneous 
adsorption active sites [34]. It was reported in the past that 
equilibrium data for adsorption of Methyl orange by NiO 
and CuO nanoparticles [34], adsorption of 4-nitrophenol 
on activated carbon fiber prepared from coconut husk and 
commercial activated carbon granular [35] and adsorption 
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Fig. 8. Langmuir, Freundlich and Temkin isotherm models for the adsorption of KMnO4 by modified Neem leaves powder at three 
different temperatures.

200 400 600 800 1000 1200 1400 1600

200

400

600

800

1000

1200

q e  
  (

m
g/

g)

Co    (mg/L)

 25
 40
 55

Fig. 7. Effect of the initial concentration on KMnO4 adsorption 
by modified Neem leaves powder.



H.A. Al-Aoh / Desalination and Water Treatment 170 (2019) 101–110108

of Bromophenol blue on nickel oxide nanoparticles [36] give 
an excellent fit of the Langmuir isotherm. It can also be seen 
from Table 7 that the adsorption capacities obtained in this 
work are 775.19, 925.93, and 1066.79 mg g–1 for temperatures 
of 25°C, 40°C, and 55°C respectively. This confirms that 
temperature has a positive effect and this adsorption is an 
endothermic process. In comparison with the other adsor-
bents that have been previously used for removal of KMnO4 
(Table 1) from aqueous solutions, the modified Neem leaves 
powder used in this research has adsorption capacities 
higher than the highest one by 7–10 times. This indicates 
that modified Neem leaves powder will meet attentions 
highly in water and wastewater’s purifications.

3.2.4. Temperature effect and thermodynamic studies

The relationships between the amounts adsorbed at 
equilibrium (qe, mg  g–1) and temperature (T °C) (Fig. 9) as 
well ln(qe/Ce) with 1/T (K–1) (Fig. 9) for adsorption of three 
different KMnO4 solutions (1,000; 1,200; and 1,500  mg  L–1) 
by the prepared adsorbent sample were plotted to investi-
gate the temperature effect and thermodynamic parameters, 
in that order. Fig. 9 shows that the equilibrium adsorption 
amount is gradually elevated by raising the temperature 
and confirms that this type of adsorption is an endothermic 
process. These results agree well with that obtained in the 
sections of 3.2.2 and 3.2.3.

The intercepts and slopes of the plots of lnKc and 1/T 
(Fig. 10) have been used for computing ∆S° and ∆H° values, 
respectively. The values of these two thermodynamic param-
eters were used for calculating the values of ∆G° by applying 
Eq. (6) at three different temperatures. The values of these 
three parameters are also listed in Table 8.

The positive values of ∆H° and ∆S° (Table 8) propose 
that the adsorption of KMnO4 by the adsorbent used in this 
work is endothermic [37] and decreasing the randomness at 
the interface between the sold (adsorbent surface) and liq-
uid (adsorbate solution) during adsorption process [38]. 
Moreover, it can be seen from this table that the randomness 
is decreased from 0.310 to 0.081 when the adsorbate initial 
concentration increased in the range of 1,000–1,500  mg  L–1. 
This designates that the most important factor affecting the 
adsorption performance in this work is the adsorbate initial 
concentration.

The negative values of ∆G° (Table 8) indicate that the 
adsorption procedures obtained in this research are a spon-
taneous process in nature. Furthermore, it can be observed 
from Table 8 that the growing temperature from 25°C to 

Table 7
Langmuir, Freundlich and Temkin parameters for adsorption of KMnO4 on modified Neem leaves powder at three different 
temperatures

T (°C) Langmuir model Freundlich model Temkin model

qmax (mg g–1) KL (L mg–1) RL R2 KF (mg g–1)
(L mg–1)–1/n

1/n n R2 KT (L mg–1) B1 (J mol–1) R2

25 775.19 0.0309 0.0314 0.999 109.36 0.321 3.11 0.819 142.19 0.4203 0.899
40 925.93 0.0778 0.0127 0.999 209.57 0.261 3.83 0.906 129.31 3.0569 0.898
55 1,066.79 0.3232 0.0031 0.999 428.08 0.157 6.37 0.270 99.36 130.1074 0.418
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Fig. 9. Effect of temperature on the adsorption of KMnO4 by 
modified Neem leaves powder at three different concentrations.
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Fig. 10. Plots of lnKc vs. 1/T for the adsorption of KMnO4 by 
modified Neem leaves powder at three different concentrations.

Table 8
Thermodynamic parameters for adsorption of KMnO4 on 
modified Neem leave powder

C0 (mg L–1) ∆H° ∆S° ∆G° (kJ mol–1) R2

25°C 40°C 55°C

1,000 90.68 0.310 –1.697 –6.347 –10.997 0.850
1,200 37.76 0.130 –1.084 –3.039 –4.994 0.987
1,500 24.91 0.083 0.113 –1.135 –2.383 0.999
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55°C increases the negative values of ∆G°. This confirms 
that raising temperature increases the spontaneity degree 
for adsorption of KMnO4 on the surface of modified Neem 
leaves powder. Similar trends were reported for adsorption 
of some selected dyes by polymer nanocomposite modified 
with methylamine and copper (II) chloride [39].

4. Conclusions

In this work, Neem leaves powder was chemical modified 
by ZnCl2 and characterized in terms of its surface functional 
groups, surface morphology, pHZPC, surface area, density, and 
porosity. The prepared adsorbent has been used for adsorp-
tion of KMnO4 from aqueous solution. Factors affection the 
adsorption efficiency, kinetic, isotherm and thermodynamic 
parameters were investigated. It was found that a tempera-
ture of 55°C, pH solution of 7 and 1,000  mg  L–1 of KMnO4 
primary concentration represent the optimal conditions of 
this adsorption. The obtained Kinetic results indicate that the 
second-order kinetic model describes well the experimental 
kinetic data in the case of diluted. Moreover, the parameters 
of the intra-particle diffusion kinetic model confirm that this 
adsorption occurred by multiple steps. Equilibrium data 
were analyzed well by the Langmuir isotherm model and 
found that the adsorption capacities of 775.19, 925.93 and 
1,066.79 mg g–1 are obtained at 25°C, 40°C and 55°C, respec-
tively. Parameters of thermodynamic studies indicate that 
the adsorption of KMnO4 by this adsorbent is a spontaneous 
and endothermic process. The higher adsorption capacities 
resulting in this research authenticate that the modified 
Neem leaves powder as low or no-cost materials will meet 
significant interesting in the case of water and wastewaters 
purification.
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