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a b s t r a c t

Mango (Mangifera indica L.) peel, an abundant residue of the food industry and kitchen waste, 
was used as an alternative source of activated carbon. In this work, mango peels activated carbon 
(MPAC) was prepared by chemical activation with H2SO4. The physical properties of the MPAC 
were evaluated through the bulk density, ash content, moisture content, and iodine number. The 
surface characterization of MPAC was achieved using fourier transform infrared (FTIR), scan-
ning electron microscopy (SEM), and the point of zero charge (pHPZC) method. Batch experiments 
were carried out for the adsorption of methylene blue (MB) onto MPAC surface. The operating 
variables studied were adsorbent dose, initial solution pH, initial dye concentration and con-
tact time, and temperature. Langmuir, Freundlich, and Temkin isotherms were used to analyze 
the equilibrium data at 303 K. The kinetic uptake profiles are well described by the pseudo-sec-
ond-order model, and the Langmuir model describes the adsorption behaviour at equilibrium. 
The maximum adsorption capacity of MPAC with methylene blue was 277.8 mg g–1. Various ther-
modynamic parameters such as standard enthalpy (∆Ho), standard entropy (∆So) and standard 
free energy (∆Go) showed that the adsorption of MB onto MPAC was favourable and endothermic 
in nature. Thus, this study demonstrated the potential of using mango peels waste as cheap and 
efficient raw materials to produce activated carbon for MB removal.
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1. Introduction 

Effluents generated from dyeing industries, such as textile 
and printing, have been identified as emerging environmen-
tal problems in aquatic environments. Most of these dyes are 
highly visible, stable and resistant to chemical, photochemi-
cal as well as biological degradation. Besides, they are often 
toxic and carcinogenic due to their complex aromatic struc-
ture and synthetic nature [1]. Many treatment methods for the 
removal of dyes from industrial effluents include adsorption 
[2], bioremediation [3], electrochemical degradation [4], cat-

ion exchange membranes [5], Fenton chemical oxidation [6], 
photocatalysis [7,8], and anaerobic microbial treatment [9]. 
Among the various water treatment methods, adsorption is 
one of the most effective treatment techniques for advanced 
wastewater treatment to reduce hazardous waste pollutants 
in effluent. Adsorption-based treatment with appropriate 
adsorbent materials displays high performance and selectiv-
ity, flexibility and simplicity of design, convenience of opera-
tion without producing harmful by-products [10].

Activated carbon (AC) is a widely used industrial car-
bonaceous adsorbent due to its high surface area, variable 
pore structure, high adsorption capacity and occurrence of 
various surface functional groups, according to the mode of 
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preparation. AC can remove a wide variety of pollutants 
such as dyes, heavy metals, pesticides and gases. Carbo-
naceous solid precursors from natural or synthetic sources 
can be used to produce activated carbon [11]. Research and 
development of carbonaceous adsorbents from agricul-
tural waste peels is an area of ongoing interest because the 
precursors are eco-friendly, cheap, renewable, safe, and 
abundant. In recent years, researchers have studied the 
production of ACs from fruit and vegetable peels as cheap 
and renewable precursors, such as orange peel [12,13], 
Jackfruit peel [14], Mangosteen peel [15], pineapple peel 
[16], Citrus fruit peel [17], potato peel [18], rambutan peel 
[19], pomegranate peel [20], grapefruit peel [21], cassava 
peel [22], Cucumis sativus peel [23], pomelo peel [24], 
banana peel [25], guava peel [26], mandarin peel [27].

Mango (Mangifera indica L.) is a fruit that grows abun-
dantly in 85 different countries and is considered one of 
the most important tropical fruit in the world since its con-
sumption corresponds to 50% of the entire consumption 
of all tropical fruits. Around 35 to 60% of the total mass 
of processed fruits is considered by-products, which are 
discarded in landfills without any commercial purpose 
[28,29]. From literature, it is known that the mango peel 
contains different phytochemicals like polyphenols, 
carotenoids, vitamin E, lactic acid, dietary fibres and 
vitamin C and it also exhibited good antioxidant prop-
erties [30–32]. These previous studies encourage us to find 
another useful utilization of mango peel as a new, low-cost 
and renewable precursor for preparing activated carbon as 
an adsorbent. The reuse of this great mass of natural waste 
product represents an important opportunity from both 
environmental and socioeconomic points of view. 

The Mango by-products are considered a residue 
without a destination in the processing industries. These 
easily obtained and eco-friendly by-products had been 
employed as an ideal alternative to the current expen-
sive adsorbents of removing dyes from wastewater such 
as mango seed [33–35]. Recently, many researches have 
been performed with the aim of producing low cost ACs 
from mango by-products as a renewable source [36,37]. 
The adsorption property of activated carbon strongly 
depends on the activation procedures, which are phys-
ical (thermal) activation or chemical activation, and the 
nature of source materials [38]. Among various chemical 
activation agents, sulphuric acid is frequently used as a 
low cost activator for the preparation of carbon adsor-
bents from lignocellulosic products. H2SO4 gives the 
possibility to develop porous structure by degrading of 
cellulosic material in plant materials and the aromatiza-
tion of the carbon skeleton [39].

Therefore, the focus of this study was to develop a low-
cost AC adsorbent from mango peel with H2SO4 activation. 
The textural and chemical characterizations of the acid-
treated mango peel activated carbon (MPAC) were also 
performed. The adsorption properties of MPAC were eval-
uated in the removal of a basic dye, methylene blue (MB) 
from aqueous solutions. In order to establish the removal 
capacity of this adsorbent, different models of isotherms 
and adsorption kinetics were fitted to the experimental 
data. To the best of our knowledge, this work is the first 
reported example of the use of mango peel as a precursor 
for preparing AC via chemical activation with H2SO4. 

2.Materials and methods

2.1. Adsorbate (MB)

Methylene blue (MB) supplied by R&M Chemicals, 
Malaysia was used as an adsorbate. Ultra-pure water was 
used to prepare all solutions. MB has a chemical formula 
(C16H18ClN3S.xH2O) and molecular weight (319.86 g mol–1).

2.2. Preparation of activated carbon

Mango peel (MP) of golden dragon variety used for 
preparation of activated carbon was collected from the 
local fresh juice shop in Penang, Malaysia. MP was firstly 
washed with water and subsequently dried at 105°C for 
24 h to remove the moisture contents. The dried MP was 
ground and sieved to the size of 1–2 mm before mixing 
with concentrated H2SO4 (95–98%). The mixing ration 
was fixed at 1 g of dried MP powder with 1 mL of con-
centrated H2SO4 according to the method reported by 
Garg et al. [40]. The obtained activated carbon MPAC 
was ground and sieved to obtain a powder with a par-
ticle size range of 150–212 µm. The yield of MPAC was 
calculated according to a published method [41]. The 
bulk or apparent density was determined by following 
the method reported by Ahmedna et al. [42]. The mois-
ture content was determined by an oven drying method 
[43], where the ash content determination used standard 
methods [44]. The iodine number is a measure of micro-
pore content (0–20Å) and was obtained by a standard 
method [45]. The proximate analysis of the MPAC was 
carried out using a muffle furnace. The surface morphol-
ogy of MPAC before and after adsorption of MB was 
measured using a scanning electron microscope (SEM; 
SEM-EDX, FESEM CARL ZEISS, SUPKA 40 VP). The 
functional groups of MPAC before and after MB adsorp-
tion were measured via fourier transform infrared (FTIR) 
spectroscopy (PerkinElmer, Spectrum RX I) in transmis-
sion mode with a spectral range from 4000 to 400 cm−1 
with a resolution of 4 cm–1. All samples were prepared 
with spectroscopic grade KBr which constituted ~80% 
(w/w) of the total sample and were run as finely ground 
powders. The pH at the point-of-zero charge (pHPZC) was 
estimated by using a pH meter (Metrohm, Model 827 pH 
Lab, Switzerland), as described elsewhere [46]. In this 
method, the pH of a suspension of the MPAC (0.15 mg) 
in a NaCl aqueous solution (50 mL at 0.01 mol L–1) was 
adjusted to successive initial values between 2 and 12. 
The suspensions were stirred 48 h and the final pH was 
measured and plotted versus the initial pH. The pHPZC 
is determined at the value for which pHfinal = pHinitial. The 
elemental analysis was carried out using an elemental 
analyser CHNS-O, model Flash 2000 analyser.

2.3. Batch adsorption experiments

The batch adsorption experiments of MB onto MPAC 
were carried out in a series of 250 mL Erlenmeyer flasks 
containing 100 mL of MB solution. The flasks were capped 
and agitated in an isothermal water bath shaker (Mem-
mert, waterbath, model WNB7-45, Germany) at fixed shak-
ing speed of 110 stroke min–1 and 303 K until equilibrium 
was attained. Batch adsorption experiments were carried 
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out by varying several experimental variables such as 
adsorbent dosage (0.2 to 2.0 g L–1), pH (3 to 10), initial 
dye concentration (25 to 400 mg L–1) and contact time (0 
to 900 min.) to determine the optimum uptake conditions 
for adsorption. The pH of MB solution was adjusted by 
adding either 0.10 M HCl or NaOH. After mixing of the 
MPAC-MB system, the supernatant was collected with a 
0.20 µm Nylon syringe filter and the concentrations of MB 
were monitored at a different time interval using a HACH 
DR 2800 Direct Reading Spectrophotometer at the maxi-
mum wavelength (λmax) of absorption at 661 nm. For the 
thermodynamic studies, similar procedures were applied 
at 313 K and 323 K, with the other variables held constant. 
The blank test was carried out in order to account for color 
leached by the adsorbent and adsorbed by the glass con-
tainers, blank runs with only the adsorbents in 100 mL of 
doubly distilled water and 100 mL of dye solution without 
any adsorbent were conducted simultaneously at similar 
conditions. The adsorption capacity at equilibrium, qe 

(mg 
g–1) and the percent of color removal, CR (%) of MB were 
calculated using Eqs. (1) and (2).

( )0 e
e

C C
q V

W

−
=  (1)

( )
% 100

C C
CR = ×  (2)

C0 is the initial dye concentration (mg L–1); Ce is the dye 
concentration at equilibrium (mg L–1); V is the volume of 
dye solution (L); and W is the dry mass of the adsorbent 
(mg). Adsorption experiments were conducted in triplicate 
under identical conditions and the results are reported as 
an average value.

3. Results and discussion

3.1. Characterization of MPAC

The results of physical characterization of MPAC are 
recorded in Table 1. The results indicate that MPAC has a 
moderate iodine number, low values of bulk density, ash 
content and moisture content, along with a relatively high 
yield of carbon. The pHpzc of the MPAC was 4.60, which 
indicates the acid character of the MPAC surface. The 
surface morphology of MPAC adsorbent was evaluated 
according to the SEM images obtained in Fig. 1. There 
is a change in surface morphology of the MPAC powder 
before (Fig. 3a) and after the adsorption (Fig. 3b) of MB. 
According to (Fig. 1a), the surface features of MPAC are 
well-pronounced heterogeneous cavities that well-dis-
tributed across the MPAC surface. Therefore, the SEM 
image reveals that MB may be adsorbed onto the MPAC 
surface and the accessible pore domains of the carbona-
ceous surface. The surface morphology of MPAC after 
MB adsorption reveals a change in the topography of the 
adsorbent, as evidenced by the appearance of reduced 
pore structure and smoother surface features due to the 
adsorption of MB in (Fig. 1b). The pattern of adsorption 
onto biomass materials is related to the availability of 

active functional groups and bonds of the AC surface. 
For the elucidation of these active sites, FTIR spectral 
analysis was performed. Several IR bands appearing in 
the FTIR spectrum of MPAC before adsorption (Fig. 2a) 
that were assigned to various functional groups, in accor-
dance with their respective wavenumber (cm−1) position 
as reported in literature. The region between 3600 cm−1 
and 2600 cm−1 indicates two major IR bands, where a 
broad and strong band stretch are observed from 3600 
cm−1 to 3000 cm−1. The latter indicates the presence of 
free or hydrogen bonded O–H groups (alcohols, carbox-
ylic acids and phenols) as in pectin, cellulose and lignin 
on the surface of the adsorbent [47]. The O–H stretch-
ing vibrations occur within a broad range of frequencies 
indicating the presence of “free” hydroxyl groups and 
bonded O–H bands such as carboxylic acids. The weak 
band observed from 2900 cm−1 to 2750 cm−1 is assigned 
to the aliphatic C–H stretching (methine, methyl, and 
methylene groups of side chains) and from aromatic C–H 
stretching near 3100 cm−1. The band at about 1700 cm−1 
relates to C=O stretching of ketones, aldehydes, lactones 
or carboxyl groups, and the band at 1600–1580 cm−1 is 
assigned to C=C vibrations in aromatic rings [48]. The IR 
bands between 1300 and 1000 cm−1 are observed for oxi-
dized carbon materials and are assigned to C–O and/or 
C–O–C stretching in acids, alcohols, phenols, ethers and/
or esters groups, and sulphonic acid groups (–SO3). Thus, 
the FTIR spectrum of MPAC before adsorption (Fig. 
2a) indicates that the external surface of MPAC is rich 
in functional groups, containing oxygen of carboxylic, 
carbonyl and phenolic species. After adsorption of MB, 
the spectrum of MPAC (Fig. 2b) shows attenuated band 
intensity where the functional groups either shifted in 
frequency or became more pronounced as shown at 1650 
cm−1 (–N–H bending) and at 1350 cm−1 (C–N vibration of 
amide) suggested the interactions of MB molecules with 
the functional groups of MPAC.

Table 1 
Physicochemical characteristics of the activated carbon 
(MPAC)

Typical properties

Bulk density (g mL–1) 0.67

Iodine number (mg g–1) 244.2

pHpzc 4.60

Proximate analysis (wt. %)

Ash content 5.84

Moisture content 12.23

Fixed carbon (yield) 67.35

Volatile matter 14.58

Ultimate analysis (wt.%)

C 51.84

H 3.66

N Not detected

S 0.85

O (by difference) 43.63
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3.2. MB adsorption 

3.2.1. Effect of the PMAC mass

The effect of MPAC mass on the removal of the MB from 
aqueous solution was performed by using variable quan-
tities (0.020 to 0.20 g) of MPAC at fixed volumes (100 mL) 
and initial dye solution where Co was 100 mg L−1. For these 
experiments, other operation parameters were held con-
stant at 303 K, shaking speed of 110 stroke min−1, contact 
time of 60 min, and an unadjusted pH at 5.60 for the initial 
MB solution. The results are shown in Fig. 3. It was found 
that by increasing the mass of PMAC till 0.14 g the removal 
percentage increased rapidly and further addition has 
not significantly affected the MB removal percentage. The 
observed increase in the MB removal (%) with MPAC mass 
was attributed to an increase in the available adsorbent sur-
face area, as the number of adsorption sites increase cor-
respondingly [49]. However, no significant changes in MB 
removal efficiency were observed beyond 0.14 g 100 mL−1 
MPAC dose. Due to conglomeration of adsorbent particles, 
there is no increase in effective surface area of MPAC. There-
fore, 0.14 g of MPAC was selected for subsequent work.

3.2.2. Effect of pH 

The pH of the solution influences the association of 
counter ions with MB, along with the surface charge of the 
adsorbent. Fig. 4 shows the effect of variable pH from 3.0 
to 10.0 on the adsorption capacity with MB. The adsorp-
tion capacity of MB onto MPAC increased when the pH 
increased from 3.0 to 5.0, where no remarkable change was 
observed by increasing the pH to an alkaline environment. 
Lower adsorption of MB at acidic pH can be due to the 
competition of excess H+ ions with MB cations for poten-
tial adsorption sites [50]. On the other hand, at higher pH, 
the surface of MPAC may adopt negative surface charge 
which enhances adsorption of cation species through attrac-
tive electrostatic attractions, contributing to an increase in 
the rate of adsorption [50]. Moreover, the surface of the 
adsorbent was positively charged, since the pH < pHPZC 
= (4.60), contributing to repulsion of MB cations. The opti-
mum pH for the removal of MB by MPAC is at pH 5.0~6.0. 

Fig. 2. FTIR spectra of PMAC (a) before adsorption and (b) after 
MB adsorption (b).

Fig. 3. The effect of MPAC mass on the MB removal (%) at [MB]
o = 100 mg L–1, V = 100 mL, unadjusted pH = 5.60, T = 303 K, 
shaking speed = 110 stroke min–1, and contact time = 60 min.

Fig. 1. SEM micrograph of MPAC particle (1000x magnification): 
(a) before MB adsorption and (b) after MB adsorption.
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a significant role in the adsorption capacity of MB onto 
MPAC sorbent. Similar observations were reported for the 
adsorption of MB on the surface of various AC materials 
obtained from different biomass sources prepared using 
H2SO4 activation [39,51,52].

3.2.4. Effect of temperature on MB uptake

The effect of temperature on the dye adsorption prop-
erties of MPAC adsorbent at 303, 313 and 323 K with fixed 
initial MB concentration of 200 mg L−1 was investigated, as 
shown in Fig. 6. The uptake of methylene blue onto acti-
vated carbon was rapid initially and then slows down grad-
ually until it attained equilibrium beyond which there was 
not significantly increased in the MB uptake. The adsorp-
tion capacity of the MPAC increased from 144.1 to 164.2 
mg g−1 as the temperature increased from 303 to 323 K. The 
observed results in Fig. 6 indicate that the adsorption pro-
cess of MB onto MPAC was favored at higher temperature, 
in agreement with an endothermic adsorption process. The 
fact that the MB uptake is favored by temperature indicates 
that the mobility of the dye molecules increases with a rise 
in the temperature. It can also be said that reaction of dye 
molecules and surface functional groups is enhanced by 
increased temperature of reaction [53].

3.3. Kinetic studies

The pseudo-first-order model (PFO) and pseudo-sec-
ond-order model (PSO) were used to investigate the 
adsorption kinetics of MB dye on MPAC. The conformity 
between experimental data and the model predicted val-
ues was expressed by correlation coefficient (R2). The PFO 
model of Lagergren [54] is based on solid capacity and gen-
erally expressed as follows:

1ln(  ) ln( ) ( ) e eq q q k t= −−  (3)

where qe is the amount of solute adsorbed at equilibrium 
per unit weight of adsorbent (mg g–1), q is the amount of sol-

In this regard, it was found that the pH value of the original 
MB solution is 5.6 and lies within the optimal pH range. 
In order to reduce chemicals consumption as well as labor 
requirements, therefore the pH value of unadjusted MB 
solution (pH 5.6) was used for this study. 

3.2.3. Effect of initial dye concentration and contact time

The experimental results for the adsorption properties of 
MB onto MPAC at various initial concentrations are shown 
in Fig. 5. The amount of MB adsorbed by the MPAC adsor-
bent at equilibrium increased rapidly from 9.60 to 265.50 mg 
g−1 as the initial dye concentration increased from 25 to 400 
mg L−1. Indeed, the resistance to mass transfer between the 
solid and aqueous phase is more easily overcome due the 
driving forces. Moreover the number of collisions between 
MB molecules and MPAC is increased, increasing the 
adsorption. Hence, additional amounts of MB were trans-
ferred to the MPAC surface. Additional time was needed 
to reach equilibrium for higher dye concentration because 
there was a tendency for MB to penetrate deeper within the 
interior surface of the MPAC and be adsorbed at active pore 
sites. This indicates that the initial dye concentration plays 

Fig. 4. The effect of pH on the MB uptake using 0.14 g of MPAC, 
[MB]o = 100 mg L–1, V = 100 mL, T = 303 K, shaking speed = 110 
stroke min–1, and contact time = 60 min.

Fig. 5. Effect of contact time and initial concentration on the ad-
sorption of MB by MPAC (V = 100 mL, pH = 5.6, T = 303 K, shak-
ing speed = 110 stroke min–1 and MPAC mass = 0.14 g).

Fig. 6. Effect of temperature on the equilibrium adsorption ca-
pacity of MPAC at [MB]o = 200 mg L–1, V = 100 mL, pH = 5.6, 
shaking speed = 110 stroke min–1 and MPAC mass = 0.14 g.
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where Ce is the equilibrium concentration (mg L–1) 
and qe is the amount adsorbed (mg) per amount of adsor-
bent (g), KL is the Langmuir equilibrium constant, and qm 
is the amount of adsorbate required to form a monolayer. 
Hence, a plot of Ce/qe versus Ce should be a straight line with 
a slope (1/qm) and an intercept as (1/qm KL), the calculated 
values are given in Table 3. The Langmuir type adsorption 
isotherm indicates the surface homogeneity of the adsor-
bent. The adsorbent surface is made up of small adsorption 
patches, which are energetically equivalent to each other in 
terms of adsorption phenomenon. The correlation coeffi-
cient (R2) value of 0.9957 revealed that the adsorption data 
of MB dye onto MPAC well fitted to the Langmuir isotherm. 
Moreover, the Freundlich model can be applied for non-
ideal adsorption on heterogeneous surfaces and multilayer 
adsorption [57]. This model is presented as follows:

( )
=


 

1
n

e F eq K C  (6)

= +
1ln ln lne F eq K C
n

 (7)

ute adsorbed at any time (mg g–1), and k1 is the adsorption 
constant. This expression is the most popular form of pseu-
do-first-order kinetic model. k1 values at different initial MB 
concentrations were calculated from the plots of ln(qe–q) 
versus t and the values are given in Table 2. The correlation 
coefficient (R2) values obtained were relatively low; hence, 
this model has very poor correlation coefficients (R2) for the 
best fit data. Thus, the kinetic data were analyzed using the 
PSO model [55], which can be expressed as follows:

2
2

1 1

e e

t
t

q k q q

   
= +      

 (4)

The plot of t/q versus t should give a linear relationship, 
from which qe and k2 can be determined from the slope and 
intercept of the plot. The PSO rate constant (k2; g mg–1 min–1) 
and qe,cal were calculated from the intercept and slope of t/
qt versus t. The kinetic adsorption results of MB by MPAC 
under various conditions were calculated from the related 
plots and the results are listed in Table 2. Based on the given 
data, the adsorption of MB dye perfectly followed the PSO 
model.

3.4. Adsorption isotherm studies

Adsorption isotherm reveals the relationship between 
the mass of adsorbate adsorbed per unit weight of adsorbent 
at equilibrium and liquid-phase equilibrium concentration 
of the adsorbate [46]. To quantify the adsorption capacity of 
MPAC for the removal of MB dye from aqueous solutions, 
we tested the Langmuir, Freundlich, and Temkin isotherm 
models. The Langmuir model assumes that the adsorptions 
occur at specific homogeneous sites on the adsorbent. Lang-
muir model is successfully used in numerous monolayer 
adsorption processes [56]. The data of the equilibrium stud-
ies for the adsorption of MB dye onto MPAC may follow the 
Langmuir model as follows:

= +
1 1e

e
e m L m

C
C

q q K q
 (5)

Table 2 
Comparison of the pseudo-first-order (PFO) and pseudo-second-order (PSO) models for the adsorption of MB on MPAC at 303 K

Parameters Co (mg L–1)

25 50 100 200 300 400

qe, exp. (mg g–1) 9.60 35.47 65.66 144.04 232.44 265.45

       PFO

qe cal.(mg g–1) 7.90 13.70 53.19 97.10 194.16 241.94

k1(1 m–1) 0.0165 0.0099 0.0162 0.0038 0.0051 0.0033

R2 0.9032 0.8694 0.9432 0.9414 0.9968 0.9166

      PSO

qe cal. (mg g–1) 8.71 31.84 59.88 142.85 243.90 256.41

k2(g mg–1 min–1) × 10–5 289 99.10 39.68 9.47 6.29 4.54

R2 0.9971 0.9954 0.9968 0.9955 0.9955 0.9954

Table 3 
Isotherm parameters for removal of MB by MPAC at 303K

Isotherm Parameter Value

Langmuir qm (mg g–1) 277.8

KL (L mg–1) 0.57

R2 0.9957

Freundlich KF ((mg g–1)  
(L mg–1)1/n)

69.34

n 2.34

R2 0.803

Temkin KT (L mg–1) 5.85

B 52.64

R2 0.8817
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ACs, only one AC presents higher adsorption capacity than 
MPAC. This outstanding adsorption capacity for MB places 
MPAC as one of the best adsorbents for the MB removal 
from aqueous solutions. 

3.5. Adsorption thermodynamics

The thermodynamic adsorption parameters of MB 
onto MPAC were computed from the experimental data 
obtained at 303, 313 and 323 K. Gibb’s free energy (∆G°), 
enthalpy (∆H°) and entropy (∆S°) were calculated using the 
following equations [64]:

∆ = ∆ − ∆ o o oG H T S  (10)

∆ ° = −  ln dG RT k  (11)

The combination of Eqs. (10) and (11) gives:

∆ ° ∆ °= −ln d
S Hk
R RT

 (12)

The distribution coefficient (kd) was calculated using the 
following equation:

= e
d

e

q
k

C
 (13)

where qe is the concentration of MB adsorbed on MPAC 
at equilibrium (mg L–1), Ce is the equilibrium concentration 
of MB in the liquid phase (mg L–1), R is the universal gas 
constant (8.314 J mol–1 K) and T is the absolute tempera-
ture (K). The values of ∆H° and ∆S° were calculated from 
the slope and intercept of van’t Hoff plots of ln kd versus 
1/T respectively (Fig. 7). The thermodynamic parameters 
are listed in Table 5. The negative values of ∆G° indicate 

where KF is the Freundlich equilibrium constant, n is 
an empirical constant, and the rest of the terms have the 
usual significance. Thus, a plot of ln qe versus ln Ce should 
be a straight line with a slope 1/n and an intercept of ln KF. 
The related parameters were calculated, and the results are 
shown in Table 3. Temkin model [58] considered the effects of 
indirect adsorbate/adsorbate interactions on adsorption iso-
therms. The Temkin isotherm was used in the following form:

( ) 
=   

lne T e
RTq K C
b

 (8)

This equation can be expressed in its linear form as fol-
lows: 

= +   ln    lne T eq B K B C  (9)

where B = (RT/b), a plot of qe versus ln Ce yielded a lin-
ear line, enables to determine the isotherm constants KT and 
B. KT is the Temkin equilibrium binding constant (L mg–1) 
that corresponds to the maximum binding energy, and con-
stant B is related to adsorption heat. The adsorption heat of 
all the molecules in the layer is expected to decrease linearly 
with coverage because of adsorbate/adsorbate interactions. 
The constants KT and B as well as the R2 values are shown 
in Table 3. The Langmuir model fit the data better than 
the Freundlich and Temkin models (Table 3). This result 
is also confirmed by the high R2 value for the Langmuir 
model (0.9957) compared with the Temkin (0.8817) and 
Freundlich (0.803) models. The results reveal that the for-
mation of a surface monolayer of dye molecules occurs for 
MPAC, where the monolayer adsorption capacity (qm) for 
MPAC with MB was compared with other types of H2SO4-
treated AC adsorbents in Table 4. As can be seen in Table 4, 
MPAC shows higher adsorption capacity when compared 
with several ACs developed from various biomasses by 
using chemical activation with H2SO4. Out of eight different 

Table 4 
Comparative of adsorption capacities for MB onto different activated carbons prepared by H2SO4 activation

H2SO4-treated activated 
carbons

Adsorbent dosage, 
g

pH Temp. (K) qmax (mg g–1) References

Mango peel 0.14 g/100 mL 6 303 277.8 This study

Parthenium 
hysterophorus

0.4 g/100 mL 7 298 39.68 [51]

Euphorbia rigida 0.2 g/100 mL 6 293 114.45 [39]

Sunflower oil cake 0.2 g/100 mL 6 288 16.43 [59]

Delonix regia pods 0.1 g/50 mL 7 298 23.3 [60]

Pine fruit shell 0.06 g/20 mL 8.5 298 529 [52]

Ficus carica 0.5 g/100 mL 8 298 47.62 [61]

Bagasse 0.4 g/100 mL 9 300–333 49.75–56.50 [62]

Coconut leaves 0.15/100 mL 6 303–323 126.9–149.3 [63]
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