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Abstract
Potassium permanganate  (KMnO4) is one of the toxic materials that it is essential to remove it from industrial waste 
waters. In this study, Mn ion was converted to the chelating agent. Tire residuals are used to produce activated carbon. 
Subsequently, the adsorption of Mn by activated carbon was investigated. The applied activated carbon was prepared 
by physical activation of the vapor water. Porosity analysis, SEM analysis, zeta potential measurement, adsorption kinet-
ics, and isotherm models were applied to this study. The results showed that the maximum specific surface area of the 
obtained physical activated carbon was 550 m2/g. The maximum amount of adsorption was 120 mg/g. It was also shown 
that the adsorption process is more compatible with pseudo-second-order kinetics model. Isotherm models indicated 
that the adsorption of Mn on the physically produced activated carbon is more compatible with the Freundlich model. 
Thermodynamic parameters proved that the adsorption process is spontaneous and endothermic. The overall results 
demonstrated that activated carbon, obtained from tire residuals, has a good efficacy for removing Mn ions.
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1 Introduction

Environmental pollution caused by hazardous toxic met-
als is one of important issues [1, 2]. The toxicity of heavy 
metals is due to their intense tendency to disrupt the 
vital enzymes in living organisms [3, 4]. Among inorganic 
pollutants, the heavy metals ions are a serious threat to 
ecological systems. Some inorganic materials, including 
salts and ions dissolve in ground waters while passing Mn 
through the earth’s crust can result in some issues. Mn is 
one of the metal elements that exist in the earth’s crust. It 
can cause many problems. When Mn dissolves in water, it 
reaches the surface of ground waters. Then it is exposed 
to the air and becomes insoluble in water. This changes 
the color of water to brown or red which leads to envi-
ronmental problems [5–10]. Also, excessive contents of 
Mn cause damage to the tissues of the nervous system, 
and result in the neurological disorders [11, 12]. Remov-
ing heavy metals from aqueous solutions is considered 

as an important issue in the public health of society. So 
far, several methods such as ion exchange, adsorption, 
reverse osmosis, chemical precipitation, ultrafiltration, 
and oxidation have been developed for removing heavy 
metals (like Mn) from aqueous solutions [13–19]. Among 
these methods, the adsorption procedure is an effective 
and acceptable method for elimination of Mn [20, 21]. 
In recent years, several researchers have investigated 
the adsorption kinetic through studying the adsorption 
of Mn by using various isotherm models. Rajic et al. [22] 
used Zeolite Clinoptilolite as an adsorbent to remove Mn 
ions from aqueous solutions. According to their report, 
the maximum adsorption capacity of Mn was 10 mg/g. 
Their results showed that the Langmuir isotherm model 
as well as the pseudo-second-order kinetic model are 
more compatible with experimental data. Jusoh et al. [23] 
used the activated granular carbon to eliminate Fe and 
Mn. In this study, the reported adsorption capacities of 
Fe and Mn were 3.6010 and 2.5451 mg/g, respectively. Its 
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former value was higher than the next one. They investi-
gated the Langmuir and Freundlich isotherm models and 
showed that the Langmuir model has more compatibility 
with experimental data. Üçer et al. [24] applied composite 
of activated carbon and tannic acid to eliminating toxic 
heavy metal ions of Cu, Fe, Cd, Zn and Mn. In their study, 
according to the Langmuir model, they reported the maxi-
mum adsorption capacities for Cu, Fe, Cd, Zn and Mn. The 
amount of the maximum adsorption capacities was 2.73, 
2.80, 2.46, 1.80, and 1.73 mg/g for Cu, Fe, Cd, Zn, and Mn, 
respectively. According to the previous studies, the maxi-
mum adsorption of Mn was 10 mg/g considered as a low 
value. One of the custom adsorbents is activated carbon. 
The application of activated carbon is considerable in the 
industrial scale if its source is available and inexpensive. 
One of the production sources of activated carbon is tire 
residuals recognized as one of the most important envi-
ronmental issues. Most studies have been carried out on 
the removing colors from aqueous solution by the acti-
vated carbon obtained from tire residuals [25–30]. Accord-
ing to the available literatures, there is no research inves-
tigating Mn adsorption efficiency by using the activated 
carbon obtained from tire residuals. According to the pre-
vious studies, such activated carbon can possess a high 
porosity in mesoporous scale if produced in suitable con-
ditions [31–35]. This type of activated carbon can possess 
enough adsorption potential toward Mn. Mn is one of the 
metals that can significantly increase its adsorption capac-
ity by converting to a chelating agent [36–43]. Wasay et al. 
[44–46] separately carried out this work. They enhanced 
the adsorption capacity by complexing the heavy metals.

In this study, we investigated the physical adsorption 
of  MnO4 (as a toxic material) in industrial wastewaters. 
We used activated carbon obtained from tire residuals. 
Then four various isotherm models, adsorption kinetics, 
and thermodynamic model were applied based on the 
obtained results.

2  Materials and methods

2.1  Activated carbon preparation

In this paper, the production of activated carbon from 
rusty tires through physical methods were investigated. 
The raw material used for preparing the activated carbon 
was rusty tires obtained from a rusty tire collection centers 
in Esfahan, Iran. First, the rusty tires was dried at 50 °C for 
24 h until no further weight loss could be detected. Subse-
quently, it was crushed with a grinder, and sieved. Prepara-
tion overview of activated carbon is showed in the Fig. 1.

The preparation of the activated carbon from rusty tire 
was comprised of two main steps:

(a) Pyrolysis processes were performed under a tem-
perature in 600 °C for 30 min, and steady-state flow 
of nitrogen (inert) gas with a flow rate of 70 ml/min, 
and at a constant heating rate of 5 °C/min.

(b) Activation processes were performed under a tem-
perature range of (719–930) °C for 1–3 h, and steady-
state flow of water vapor activator with a flow rate of 
50 ml/min, and at a constant heating rate of 10 °C/
min. Subsequently, extensive washing with distilled 
water, the activated carbon was oven dried at 100 °C 
for 24 h, and hand milled to a particle size ≤ 200 μm.

2.2  Activated carbon characterization

In order to investigate the surface area of pores, the 
adsorption and desorption porosimetry measurements 
were analyzed by using Bel Belsorp mini II model. Mor-
phological characterizations were performed by scan-
ning electron microscopy (SEM) using a field emission 
TESCAN Vega3 microscope (Czech Republic). Zeta poten-
tial of activated carbon sorbents was measured at 298 K 
using a zeta potential analyzer Malvern Zetasizer (Model: 
ZEN 5600-Made in UK). 0.01 g activated carbon sample 
was added into 100 ml of 0.01 M NaCl solution under stir-
ring. The pH value of the mixture was then adjusted to a 
value between 2 and 11 using 0.1 M HCl or 0.1 M NaOH 
solutions and the particles were dispersed in a Probe 
Sonicators for 15 min. After this, around 2 ml sorbent 

Fig. 1  Scheme of preparation steps of the activated carbon from 
rusty tire
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suspension was drawn for analysis. Seven zeta potential 
readings were taken and the average zeta potential at a 
certain pH value was plotted against pH over the range 
from 2 to 11. The isoelectric point (IEP) was taken as the 
point where the electrokinetic potential was zero.

2.3  Adsorption studies

KMnO4 was used to study the kinetic adsorption, adsorp-
tion isotherms, and thermodynamics. The china made-
spectrophotometer (2601-VU-HGIELYAR model) with a 
maximum wavelength (λ) of 525 nm was used to deter-
mine the concentration of  MnO4. The production of 
chelating agent,  MnO4, was carried out by the following 
procedure. The potassium permanganate  (KMnO4) solu-
tion was prepared by dissolving reagent grade  KMnO4 
in double-distilled water. Then boiling and filtering the 
solution using a fine glass frit to remove  MnO2. The stor-
age and standardization of  MnO4 solution were the same 
as the previous description [47]. The kinetic experiments 
were performed to discover the equilibrium time. For 
this purpose, the kinetics experiments were carried out 
for 10–240 min. In this way, 0.025(g) adsorbent was dis-
solved in 50 ml of a solution containing 50 ppm  MnO4. 
Then this solution was poured into a shaker according 
to the specified periods and left in ambient temperature 
to settle. Then the concentration of the remaining Mn 
in the solution was calculated by spectrophotometer. 
The amount of Mn adsorbed on the adsorbent and its 
removal efficiency can be calculated from Eqs. 1 and 2, 
respectively.

In the above equations,  qe, is the amount of adsorbed 
Mn per 1 (g) adsorbent, V is the solution volume, M is the 
adsorbent mass and  Ce is the equilibrium concentration. 
In this study, different kinetic models, including first-order, 
second-order, particle-diffusion, and Elovich models were 
used to describe the data. Also, adsorption isotherm 
experiments and thermodynamic studies were performed 
at three temperatures of 25, 40, and 55 °C. The aim of these 
experiments was to determine the optimum temperature. 
The Langmuir, Freundlich, Temkin, and Dubinin–Radushk-
evich (D–R) models were applied for data analysis.

(1)qe =

(

Co − Ce
)

V

M

(2)η =
(Co − Ce)

Co
× 100

2.4  Kinetic models

In order to investigate the adsorption mechanisms, such 
as chemical reaction, diffusion control, and mass transfer, 
several kinetic models were used in different experimental 
conditions.

In this paper, the kinetic models, including pseudo-first-
order, pseudo-second order, intra-particle diffusion, and 
Elovich were investigated.The pseudo-first-order model is 
expressed by Eq. 3:

where  qt is the adsorbent capacity at different periods, 
 qe is the adsorbent capacity at equilibrium time, and  k1 is 
the reaction rate constant of the pseudo-first-order model 
[48]. If ln  (qe – qt) is drawn against time for laboratory con-
ditions, a straight line will be obtained from which the rate 
constant,  k1, and the adjusted determination coefficient, 
R2
Adj

 , can be determined. The linear form of pseudo-second 
order, is written as follows:

where  k2 is the rate constant and h is the initial adsorption 
rate. By plotting t/qt against t,  k2 and R2

Adj
 can be calculated 

[49, 50]. Intraparticle diffusion is a transition process that 
describes the locomotion of a mass portion from solution 
to the solid phase [51]. The diffusion and intraparticle 
model can be represented as follows:

C and  ki in Eq. (6) are used to interpret the chemical kinet-
ics. This model is expressed as follows:

α and β in Eq. 7 are initial adsorption and desorption rate 
constants of a surface wide coating and activation energy 
of the chemical adsorbent, respectively [51].

2.5  Equilibrium models

The adsorption isotherm can be described by some 
models. The parameters related to these models provide 
important information, for example about internal bonds 
of adsorbent, adsorption mechanism, and surface charac-
teristics [51, 52].

Freundlich isotherm model can be used to describe het-
erogeneous adsorption system as follows:

(3)log
(

qe − qt
)

= logqe − k1 ∗ t

(4)
t

qt
=

1

k2q
2
e

+
t

qe

(5)h = k2q
2
e

(6)qt = kit
0.5 + C

(7)qt =
1

β
ln(αβ) +

1

β
ln t

(8)ln qe = ln kf +
1

n
ln ce
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n and  kf are the Freundlich constants that indicate the 
maximum capacity of adsorption and inhomogeneity, 
respectively. The Langmuir model is successfully used for 
many single-layer adsorption processes. The adsorption is 
assumed to occur in specific homogeneous sites of adsor-
bent. This model can be expressed by below equation:

where  qmax is the maximum capacity of adsorption,  kl is 
the Langmuir adsorption constant, and  RL is the dimen-
sionless parameter that assesses the type of adsorption 
process [52].

The Dubinin–Radushkevich model is applied to specify 
the physical and chemical adsorptions. It can be expressed 
as follow:

in which  qm is the maximum capacity of adsorption of 
metal ions, β is the constant pertained to the average 
energy of adsorption, and ε is expressed by Eq. 11.

in which R is the gas constant (8.314 J/mol K), and T is 
temperature. The free energy of transferring 1 mol of sol-
ute from infinity to the adsorbent surface, i.e. the average 
energy of E, can be achieved by the following equation:

Temkin isotherm is another model based on the hypothe-
sis that reduces the adsorption capacity. It is resulted from 
decreasing the temperature in an adsorbent whose sur-
face coating is linear, rather than logarithmic. This model 
is represented as follows:

where  bT and A, are Temkin constant of adsorption heat, 
and adsorption potential, respectively [52].

2.6  Thermodynamic study

Another criterion that is particularly important in describ-
ing the adsorption process is to determine the ther-
modynamic parameters of adsorption. The adsorption 
thermodynamic estimation was performed by the stand-
ard values of Gibbs free energy change (ΔG, kJ mol−1), 
enthalpy change (ΔH, kJ mol−1), and entropy change (ΔS, 
kJ mol−1 k−1). These values were estimated by Eqs. 14 and 

(9)
ce

qe
=

1

klqmax

+
ce

qmax

(10)ln qe = ln qm − βε2

(11)ε = RT ln

(

1 +
1

ce

)

(12)E =
1

√

2β

(13)qe =
RT

bT

ln (AT) +
RT

bT

ln ce

15 [53]. The standard Gibbs free energy indicates the 
adsorption process spontaneity, the standard enthalpy 
change indicates the adsorption heat, and the standard 
entropy change represents the organization of adsorbate 
molecules.

where R is universal constant (kJ mol−1 k−1), T is tempera-
ture (K), and K is the thermodynamic constant (dimension-
less), which was estimated from the parameters of the best 
fit equilibrium model [54].

3  Results and discussion

In this study, the adsorption process was investigated in 
the chelating form by using activated carbon obtained 
from rusty tires. Adsorption and desorption porosimetry, 
SEM analysis, zeta potential measurement, adsorption 
kinetics, isotherms, and thermodynamics analysis are 
performed in this research. The results of the analysis are 
discussed as follows.

3.1  Characterization of the activated carbon

3.1.1  BET analysis

Figure 2 represents the results of adsorption and desorp-
tion porosimetry analysis. Figure 2a and b display the dia-
gram of surface area in the surface specific area analysis, 
and diagrams of adsorption and desorption isotherm, 
respectively. In Fig. 2b, the variations of partial pressure are 
plotted against the total pressure toward the absorbed gas 
volume in standard conditions. From the results of Fig. 2a 
and porosimetry analysis, the specific surface area, the 
total volume of pores, their size were 550 m2/g, and 1.2232 
 cm3/g and 8.8923 nm, respectively. The results of the spe-
cific surface area analysis showed that the vapor–activator 
agent can create pores in the size of meso and micro on 
activated surface of carbon obtained from rusty tire. Water 
vapor can also be regarded as a prospering activator for 
surface production on the activated carbon obtained from 
rusty tire, using physical method. The total volume and the 
size of pores indicate that a significant number of pores 
are micro sized.

As shown in Fig. 2b, the analyzed isotherm has also a 
hysteresis ring [55]. According to studies and the type of 
hysteresis ring, it can be stated that the geometric shape of 
the pores is created by water vapor. The activated carbon, 
investigated in adsorption and desorption porosimetry 

(14)ΔG = − RT ln K

(15)ln K = −
ΔH

RT
+

ΔS

R
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analysis, was produced under optimum conditions of 
activating temperature, activating period, and water vapor 
activator.

3.1.2  SEM images

SEM analysis was used to evaluate the surfaces and 
appearance of the samples. Figure 3a shows the surface 
morphology of Pyrolysis char before activation. As shown 
SEM images of the activated carbon after steam activation 
in magnifications 1Kx, 1Kx, 5.5Kx, 3Kx, and 20 Kx respec-
tively are represented in Fig. 3b–f, it can be observed that 
correspondingly, a rugged surface and highly irregular 
is observed and also there are highly scattered irregular 
cavities on the surface, which may have been due to the 
destruction of the volatile components and the activation 
by steam surface under heating.

3.1.3  Zeta potential measurement

Zeta potential is the potential difference between the dis-
persion medium and the stationary layer of fluid attached 
to the dispersed particle. It can be used to determine the 
acidity or basicity of the adsorbent surfaces. The surface 
charge of activated carbon is determined by the nature of 
surface groups and solution pH, which could be character-
ized by the isoelectric point (IEP).  pHIEP of activated carbon 
particles is the pH at which activated carbon surface car-
ries no net electrical charge and could be found by plot-
ting the average zeta potential against the pH value. The 

point where the curves cross the X-axis, at zero voltage, is 
taken as the isoelectric point. Figure 4 presented the zeta 
potential distribution of activated carbon at the pH range 
from 2 to 11. The  pHIEP of activated carbon was around 
2.7. It was found that the surface of the activated carbon 
particles were positively charged at pH values below the 
 pHIEP and negatively charged at pH values above the  pHIEP.

As shown in Fig. 4, a wide range of pH has a negative 
zeta potential. The negative zeta potentials can arise 
from acidic functional groups, e.g., carboxyl and phenolic 
hydroxyl groups [56] on the surface of activated carbon. 
Also, the negative zeta potential shown that small parti-
cles in suspension resist aggregation and tend to disperse 
homogeneously in the solution. Homogeneous dispersion 
of the adsorbent particle can obviously benefit for improv-
ing the adsorption efficiency of the adsorbent.

3.2  Kinetic of adsorption

Understanding the kinetics of adsorption of a certain 
adsorbate on an adsorbent is essential since the rate of 
adsorption (that is one criterion of the efficiency of adsorp-
tion process). Also, the kinetics of adsorption is essential 
for the establishment of the mechanism of adsorption. 
Kinetic studies can give valuable information about the 
whole adsorption process including operation control and 
evaluation of the adsorbent Efficiencies [57, 58]. The suita-
bility each model was evaluated by analyzing the adjusted 
determination coefficient ( R2

Adj
 ) [59, 60]. An R2

Adj
 value close 

to 1.000 means that the experimental and theoretical q 

Fig. 2  a Plot of the specific surface area; b adsorption and desorption isotherm curve



Vol:.(1234567890)

Research Article SN Applied Sciences (2019) 1:782 | https://doi.org/10.1007/s42452-019-0797-5

Fig. 3  Topographical SEM 
photos of a Pyrolysis char 
before activation and b–f 
activated carbon after steam 
activation in magnifications 
1Kx, 1Kx, 5.5Kx, 3Kx, and 20Kx 
respectively
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values are very close and the error is minimum. Higher R2
Adj

 
values suggest the smaller disparity between theoretical 
and experimental q values.

Figure 5 shows the adsorption kinetic diagrams of dif-
ferent models. Models evaluated in Fig. 5a–d, are pseudo-
second-order, pseudo-first-order, particle diffusion, and 
Elovich, respectively.

Fig. 4  Zeta potential curves 
versus pH of activated carbon

Fig. 5  The diagrams of various adsorption kinetics of  MnO4 by activated carbon. a Pseudo-second order kinetics b pseudo-first-order kinet-
ics c diagram of particle diffusion kinetic d kinetic diagram of Elovich
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In this case, among the three studied models, the 
pseudo-second-order model presented the highest R2

Adj
 

values were 0.997 for all conditions described (see Table 1), 
which means that the qt predicted by the pseudo-second-
order was the closest prediction to the values of qt meas-
ured experimentally.

The pseudo-second-order model includes the diffusion 
into the external film, particle diffusion, and interaction 
between metal ions and groups of adsorbent agents dur-
ing the adsorption. Intraparticle diffusion is a transitional 
process that describes the motion of a mass fraction from 
solution to the solid phase. Also, the kinetic parameters 
of different kinetic models for  MnO4 adsorption on the 
adsorbent have shown in Table 1.

Figure  5c indicates that the adsorption process of 
 MnO4 includes more than one diffusion step. This fig-
ure shows that the values of  ki constants is as  ki,1 are  ki,2, 
 ki,3 (Sects. 2.4). This result shows that  MnO4 adsorption 
steps are in outer surface, inner surface, and equilibrium, 
respectively.

3.3  Equilibrium isotherms

Adsorption isotherms define how contaminants are bound 
to the adsorbent surface. They are essential to understand 
and optimize the utilization of a particular adsorbent. Also, 
the isotherms might help to comprehend better the mech-
anism of adsorption that will take place in the process [57]. 
There are several isotherm equations available for analyz-
ing experimental adsorption equilibrium data, however, 
In this study, the Langmuir, Freundlich, Temkin, and D–R 
adsorption isotherms were evaluated for activated carbon 
(as adsorbent) efficiency in adsorbing  MnO4. The adsorp-
tion isotherms of  MnO4 onto activated carbons were 
performed using the following experimental conditions: 
temperature ranging from 25, 40, and 55 °C, pH 7.0, and 
adsorbent mass of 0.1 gr, and contact time between the 
adsorbent and adsorbate of 180 min. Figure 6 illustrates 
the adsorption isotherms and their fitness with various 
adsorption isotherm models.

Figure 6a shows the effect of temperature on adsorp-
tion capacity. By increasing temperature, the adsorp-
tion capacity increases. The maximum experimental 

values for  MnO4 of activated carbon were 120 mg/g. This 
enhancement in adsorption capacity could be due to the 
adsorbent surface activation. Also, this behavior can be 
explained because the temperature elevation can induce 
the increasing of thermal collisions and mobility of mol-
ecules in solution [61].

In Fig. 6b–e, the diagram of the linear form of the men-
tioned models has been drawn at 25, 40 and 55 °C. The 
constants of mentioned model are indicated in Table 2. As 
mentioned in Sect. 2.5, the isotherm equilibrium constant 
can be calculated according to the experimental data from 
the Eqs. 8, 9, 10, and 13 at any temperature.

For evaluation of experimental equilibrium data, the 
statistical analysis by the R2

Adj
 is investigated, which pre-

sented in Table 2. In this regard, the Freundlich isotherm 
was the most suitable model for activated carbon. The Fre-
undlich model exhibited the highest R2

Adj
 values for acti-

vated carbon (see Table 2). This finding means that the q 
values obtained experimentally are very close to those q 
values calculated by the isotherm model [58, 59, 62]. The 
experimental equation of Freundlich isotherm is based on 
multilayers and non-homogeneous and heterogeneous 
adsorption of absorbed compound on the adsorbent [63].

The results obtained from the adsorption parameters 
showed in Table 2. It indicates the adsorption of  MnO4 on 
activated carbon by using physical method. These results 
are compatible with many others results reported in the 
literature which connects the textural properties of the 
adsorbent, as one of the main factors for obtaining a high 
adsorption performance [58, 64].

3.4  Thermodynamic of adsorption

Thermodynamic parameters of the adsorption of  Mno4 on 
the activated carbon were performed at the temperature 
ranging from 25 to 55 °C (298–328 K).

In Fig. 7, the logarithm of equilibrium constant is illus-
trated against the inverse of various temperature. As it 
shows, there is a linear relationship between the data. 
From the logarithmic fit of Eq. 15 to experimental data, the 
variations of enthalpy (ΔH) and entropy (ΔS) can be cal-
culated. Subsequently, according to the Eq. 14 the Gibbs 

Table 1  Kinetic parameters 
of different kinetic models 
for  MnO4 adsorption on the 
absorbent

Pseudo-first-
order

Pseudo-second order Elovich Particle diffusion

K1 qe R2 R2 h K2 qe α β R2 Ki3 R3
2 Ki2 R2

2 Ki1 R1
2

0.01 11.51 0.95 0.00018 222.2 8.88 0.99 21.63 0.02 0.97 20.91 1 14.76 0.96 1.58 0.89
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free energy variations can also be determined. The results 
of these calculations are shown in Table 3.

Table 3 shows that ΔG, ΔS, and ΔΗ have negative, posi-
tive, and positive values, respectively. The ΔG explains the 
thermodynamic process of adsorption with regards to its 

spontaneity; negative values for the ΔG indicate that the 
adsorption process of  Mno4 was energetically favorable 
and spontaneous at studied range of temperatures for 
activated carbon [62, 64–66].

Fig. 6  the Adsorption isotherm diagrams, and it’s fitting with various models at 25, 40 and 55 °C. a Adsorption isotherm diagram b Lang-
muir isotherm c Freundlich isotherm d Temkin Isotherm e D–R Isotherm

Table 2  Isotherm parameters 
of different isotherm models 
for  MnO4 adsorption on the 
absorbent

T (°C) Freundlich Langmuir Temkin D–R

n kf R2 qm K1 R2 bT A R2 B qm R2

25 0.74 9.09 0.992 12.72 0.38 0.87 2.12 4.62 0.95 6E−0.06 137.86 0.943
40 0.64 4.05 0.994 22.88 0.28 0.83 3.67 2.14 0.97 4E−0.06 135.42 0.96
55 0.59 2.36 0.99 33.44 0.32 0.79 5.72 5.62 0.96 2E−0.06 125.2 0.944
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Positive ΔS indicates the increasing accidental collides 
between the solid/liquid surface (adsorbent and soluble) 
during the adsorption process of  MnO4 [65–67].

Finally, the positive ΔH values show that the adsorption 
of  Mno4 on the activated carbon was an endothermic pro-
cess. In addition, the ΔH values obtained were also found 
to be less than 17 kJ mol−1; this further indicates the physi-
cal adsorption of  Mno4 on the activated carbon [68].

3.5  Comparisons of Mn adsorption capacity

Finally, In order to testify the effectiveness of the method, 
the results found in this work were compared with other 
methods reported. This comparison was shown in Table 4. 
As shown in the Table 4 According to the previous stud-
ies, the maximum adsorption of Mn was 10 mg/g while, 
the maximum adsorption obtained in this article was 
120 mg/g.

4  Conclusion

In this study, the adsorption of Mn by activated carbon 
obtained from rusty tires was investigated. The adsorption 
and desorption porosimetry analysis, adsorption kinetics, 
isotherms, and thermodynamics evaluations were also car-
ried out in this study. The adsorption and desorption poro-
simetry analysis showed that the maximum surface area 
for activated carbon achieved by the physical method was 
550 m2/gr. The results obtained from adsorption isotherms 
indicted their compatibility with Freundlich model. Based 
on the equilibrium calculations, the adsorption process 
has proceeded spontaneous and endothermic way. The 
results showed that the activated carbon (as adsorbent), 
produced by the physical procedure, has a good efficacy 
in adsorption of Mn.
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