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ABSTRACT

In the present work, melon seed hull (MS), an industrial effluent abundantly available from
the melon seed oil processing plants was utilized as a feedstock for preparation of activated
carbon (MSAC) by microwave assisted NaOH chemical activation. MSAC was characterized
by Fourier transform infrared spectroscopy, scanning electron microscopy, elemental analy-
sis, and nitrogen adsorption–desorption study. The adsorptive properties of MSAC were
quantified using methylene blue (MB), cationic dye, and acid blue 15 (AB); anionic dye as
model adsorbates. The surface chemistry was examined by zeta potential measurement and
evaluation of surface acidity/basicity. Result showed that the monolayer adsorption capaci-
ties of MSAC for MB and AB were 333.50 and 341.96mg/g, respectively. The BET surface
area, Langmuir surface area, and total pore volume of MSAC were identified to be 1,187m2/
g, 1,804m/g, and 0.68 cm3/g, respectively. The findings revealed the potential use of MS
derived activated carbon for cationic and anionic dyes removal.
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1. Introduction

By nature, watermelon is a vine-like (scrambler
and trailer) flowering plant belonging to the family
Cucurbitaceous and genus of Catullus [1]. Its fruit is
primarily eaten fresh and available as food comple-
ments in desserts, salads, fruits cocktail, jam, or juice
combinations [2]. Melon seed oil is a popular condi-
ment in the manufacturing of margarines, shortenings,
and cooking oils, and the residual cake has been con-
sumed as a valuable source of protein [3]. Tradition-
ally, melon seed oil is extracted by sequential steps of

shelling, cleaning, cooking, and grinding [4]; while for
larger production, the use of screw and hydraulic
press, which requires size reduction of the melon
seeds, followed by heat treatment, and application of
great pressure is implemented [5].

The refining process, however, is accompanied by
the co-production of lignocellulosic biomass in the
form of melon seed hull (MS), which comprises 50%
of the melon seeds. In the formal practice, some quan-
tity of this residue is used as boiler fuel, where major
portion is discarded by open burning. This urged
research towards upgrading of the available biomass
from the oil refineries. To the best of our knowledge,
no study has been reported on the preparation of*Corresponding author.
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activated carbon from MS by microwave-induced acti-
vation. The aforementioned study was undertaken to
evaluate the viability of microwave irradiation for
preparation of activated carbon from MS by NaOH
activation. Structural, functional, and elemental char-
acterization of the prepared adsorbent was performed.
Moreover, the surface chemistry and adsorption equi-
librium of both cationic methylene blue (MB) and
anionic acid blue 15 (AB) dyes were outlined.

2. Materials and methods

2.1. Adsorbate

MB and AB, the cationic and anionic pollutants
difficult to be degraded in natural environment were
chosen as the targeted adsorbates in this study. The
standard stock solution was prepared by dissolving
an accurate amount of dye in deionized water. The
experimental solution was obtained by diluting the
stock solution in accurate proportions to different ini-
tial concentrations.

2.2. Preparation of activated carbon

Locally obtained MS was the precursor used in the
present study. The raw precursor was cleaned with
deionized water, dried at 110˚C for 48 h, and crushed
to obtain the particle size of 1–2mm. The carboniza-
tion process was performed by loading the dried pre-
cursor into a muffle furnace and heated up to a
carbonization temperature of 700˚C, under nitrogen
gas flow (150 cm3/min).

The determination of the best activation condi-
tions was based on the highest yield and adsorption
uptake as reported elsewhere [6]. The char produced
was mixed with sodium hydroxide (NaOH) solution
in a (NaOH:char) ratio of 1:1.25 (wt.%). The activa-
tion step was performed in a glass reactor, placed
in a modified microwave oven with a frequency of
2.45GHz [6]. The microwave power was set to
600W and 7min of irradiation time was selected as
the heating period based on preliminary runs. The
resulting sample was washed with 0.1M of HCl
and rinsed repeatedly with hot and cold deionized
water until the pH of the washing solution reached
6–7.

2.3. Characterization of MSAC

Scanning electron microscopy (SEM) analysis was
carried out to study the surface morphologies of
char and MSAC. The pore structural characteristics

were characterized by nitrogen adsorption at 77K
using an automatic volumetric adsorption analyzer
(Micromeritics ASAP-2020). Surface functional
groups and elemental analysis were detected by
Fourier transform infrared (FTIR) spectroscope
(FTIR-2000, PerkinElmer) by scanning in the range
of 4,000 to 400 cm�1 and elemental analyzer
(EA-2400 Series II, PerkinElmer).

2.4. Surface acidity and basicity

The surface basicity was estimated by mixing 0.2 g
of MSAC with 25mL of (0.05M) HCl solution in a
closed flask, and agitated for 48 h at room tempera-
ture. The suspension was decanted and the remaining
HCl was titrated with 0.05M of NaOH solution. The
surface acidity was measured by titration with 0.05M
of HCl after incubation 0.2 g of MSAC with 0.05M of
NaOH solution.

2.5. Zeta potential measurement (pHpzc)

The determination of the pHpzc was conducted by
adjusting the pH of 50 cm3 by 0.01M of NaCl solution
to a value between 2 and 12. MSAC of 0.15 g was
added and the final pH was measured after 48 h
under agitation. The pHpzc is the point where
pHfinal�pHinital = 0.

2.6. Adsorption equilibrium studies

Adsorption equilibrium studies were conducted in
a set of 250mL conical flasks containing 0.20 g adsor-
bent and 200mL dye solutions with various initial
concentrations (50, 100, 200, 300, 400, and 500mg/L).
The flasks were agitated in an isothermal water bath
shaker at 120 rpm at 30˚C for 24 h until the equilib-
rium was reached. All samples were filtered to mini-
mize the interference of carbon fines with the analysis.
Each experiment was duplicated under identical con-
ditions. MB/AB uptake at equilibrium, qe (mg/g), was
calculated by Eq. (1):

qe ¼ ðC0 � CeÞV
W

ð1Þ

where C0 and Ce (mg/L) are the liquid-phase concen-
trations of dye at initial and equilibrium, respectively.
V (L) is the volume of the solution and W (g) is the
mass of adsorbent used. The effect of pH on MB/AB
removal was tested by varying the pH from 2 to 12,
with initial MB concentration of 500mg/L, MSAC
dosage of 0.20 g/200mL, and adsorption temperature
of 30˚C.
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2.7. Adsorption isotherm

Adsorption isotherms express the specific relation
between adsorbate concentration in the bulk and
adsorbed amount at the interface. Due to the inherent
bias resulting from linearization, alternative isotherm
parameter sets were determined by nonlinear regres-
sion [7]. This provides a mathematically rigorous
method for determining isotherm parameters using
the original form of isotherm equations. The equilib-
rium data were fitted to the nonlinear Freundlich [8],
Langmuir [9], Temkin [10], and Redlich–Peterson [11]
isotherm models derived as:

qe ¼ KFC
1=n
e ð2Þ

qe ¼ Q0KLCe

1þ KLCe

ð3Þ

qe ¼ B lnðACeÞ ð4Þ

qe ¼ KRCe

1þ aRC
g
e

ð5Þ

where KF (mg/g) (L/mg)1/n and 1/n are the Freund-
lich adsorption constant and a measure of adsorption
intensity; Q0 (mg/g) and KL (L/g) are Langmuir iso-
therm constants related to adsorption capacity and
energy of adsorption. Meanwhile, B=RT/b, with b (J/
mol), A (L/g), R (8.314 J/molK), and T (K) are Temkin
isotherm constant related to heat of sorption, equilib-
rium binding constant, gas constant, and absolute
temperature; where KR (L/g) and aR (1/mg)g are Red-
lich–Peterson isotherm constants, and g is the iso-
therm exponent.

3. Results and discussion

3.1. Textural and surface characterization

Nitrogen adsorption isotherm provides qualitative
information on the adsorption mechanism and porous
structure of the carbonaceous materials [12]. The nitro-
gen adsorption–desorption plot of MSAC is shown in
Fig. 1(a). The isotherm pertains an intermediate
between type I and type II isotherm as defined by the
International Union of Pure and Applied Chemistry
(IUPAC) classification, which associated with a combi-
nation of microporous and mesoporous structures.
The specific surface area (SBET) was calculated by the
BET equation; the total pore volume (VT) was evalu-

ated by converting the adsorption volume of nitrogen
at relative pressure 0.95 to equivalent liquid volume
of the adsorbate, while the external and micropore
surface areas were deduced from the t-plot method.
These surface physical parameters obtained from the
nitrogen adsorption isotherm were summarized in
Table 1. From the data, it can be inferred that the
porosity of MSAC was greatly improved, indicating
pore development during the activation stage. Mean-
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Fig. 1. Nitrogen adsorption–desorption (a) and pore size
distribution (b) curves of MSAC.

Table 1
Porosity structures of the MS derived char and MSAC

Properties Char MSAC

BET surface area (m2/g) 69 1,187

Micropore surface area (m2/g) 48 671

External surface area (m2/g) 21 516

Langmuir surface area (m2/g) 102 1,804

Total pore volume (cm3/g) 0.04 0.68

Micropore volume (cm3/g) 0.02 0.36

Mesopore volume (cm3/g) 0.02 0.32

Average pore size (Å) 24.07 22.90
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while, it was evident that the mesopores of MSAC
accounts about 47% of the total pore volume, with a
well-developed porous structure.

The pore size distribution of WSAC was ascer-
tained by density functional theory (DFT) model.
According to the classification of IUPAC-pore dimen-
sions, the pores of adsorbents are grouped into micro-
pore (d< 2 nm), mesopore (d = 2–50 nm), and
macropore (d> 50 nm) [13]. The graph (Fig. 1(b))
detected the sharpest peak at pore diameter between 2
and 5nm, with an average pore size of 22.90 Å, which
shows that a majority of the pores fall into the range
of mesopore.

The morphological structure of the MS derived
char and MSAC is depicted in Fig. 2. It can be found
that the surface of the primary char was dense,
planar, and blocked by deposited tarry substances.
However, the microwave irradiated sample demon-
strated a well-developed porous surface, forming an
orderly pore structure. Comparison of the surface

morphology verifies substantial changes occasioned
by microwave irradiation.

It can be deduced that the pore enlargement
related to NaOH activation is associated to the redox
reduction and oxidative modification responsible for
the development of micro and mesoporosity. During
the reaction, the evolution of CO, CO2, and H2 constit-
uents, and additional reactions [14] between the active
intermediates with the carbon surface were possible.
Concurrently, the alkaline and carbonate metal formed
during the activation stage were intercalated to the
carbon matrix responsible for both stabilization and
widening of pores between the carbon atomic layers.

3.2. Elemental and functional characterization

The chemical composition of char and MSAC was
listed in Table 2. The carbon level increased after
microwave treatment, but the content of oxygen,
hydrogen, and nitrogen indicated an opposite trend.
This is due to the elimination of oxygen-containing
groups and decomposition of volatiles compounds
under microwave irradiation leaving a high purity
carbon. Whereas, the sulfur remaining groups in the
carbonized char were thermally stable.

Representative FTIR spectra of char and MSAC
were presented in Fig. 3. The broad band at 3,234/
3,233 cm�1 was related to the in-plane –OH (hydroxyl)
groups, and the region between 1,646 cm�1 was
ascribed to the C=C stretch of alkenes. The signal at
1,425 cm�1 was assigned to the –CH2 (alkyl), while
intensities at 1,276 and 1,053 cm�1 were corresponding
to the vibration of C–O–C (ester, ether, and phenol)
and C–O (anhydrides) structures. Similarly, the
presence of out-of-plane O–H (hydroxyl) groups
shows the transmittance at 940 cm�1, and the peaks at
829 and 618 cm�1 were associated with the out-
of-plane N–O and C–H (alkynes) functional groups.
For MSAC, the elimination and shift of peaks were
indicative of the modification of surface chemistry by
microwave irradiation.

Fig. 2. SEM micrographs of the MS derived char (a) and
MSAC (b).

Table 2
Elemental analysis of char and MSAC

Analysis Char MSAC

Element (wt.%) Carbon 51.90 70.13

Oxygen 43.68 26.77

Hydrogen 3.83 2.66

Nitrogen 0.42 0.28

Sulfur 0.17 0.16
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The surface acidity and basicity is an important cri-
terion describing the surface chemistry of the carbon
adsorbents [15]. MSAC showed an amphoteric prop-
erty, with a surface acidity of 0.95mmol/g and a sur-
face basicity as 0.94mmol/g. From the result, it is well
established that there are equal amounts of oxygen-
containing groups (mainly carboxylic, anhydrides,
lactones, and phenols) and oxygen-free Lewis sites,
carbonyls, pyrone, and chromene type structures at
the edge of the carbon layers. The surface chemistry of
MSAC was further justified by determination of zero
point of charge (pHZPC), an index of the propensity of
surface charge as a function of pH [16] using the acid/
base titration method. The pHZPC was found to be
7.14.

3.3. Adsorption equilibrium studies

The adsorptive properties of MSAC were evalu-
ated using AB and MB, usually adopted as anionic
and cationic adsorbates for commercial ACs. The
curve adsorption equilibrium, qe vs. equilibrium

concentration, Ce for both dyes is shown in Fig. 4(a).
The adsorption equilibrium of AB and qe increased
from 50.36 to 340.78mg/g, with an increase in initial
concentration from 50 to 500mg/L. Similar observa-
tion was illustrated by the adsorption equilibrium of
MB onto MSAC (from 50.21 to 331.20mg/g), mainly
attributed to the driving force of the concentration
gradient between aqueous phase and the solid
medium [17].

Solution pH affects adsorption by regulating the
adsorbents surface charge as well as degree of ioniza-
tion of the adsorbate molecules [18]. The adsorption
behavior of MB and AB over a broad pH range of
2–12 was depicted in Fig. 4(b). Increase in solution pH
exerted a significant enhancement of the adsorption
uptake of MB from 365.44 to 487.37mg/g, mainly
ascribed to the protonation of MB in the acidic
medium, and the presence of excess H+ ions, compet-
ing with dye cations for adsorption sites. At higher
solution pH, the formation of electric double layer
changes the polarity and consequently, the dye uptake
increases. Meanwhile, the uptake of AB increased
proportional to the decrease of pH from 310.22 to
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Fig. 3. FTIR spectra of the MS derived char and MSAC.
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475.09mg/g, primarily due to the association of dye
anions with the positively charged sites of MSAC. In
the basic conditions, electrostatic repulsion exists
between the negatively charged surface and dye mole-
cules, thus decrease the adsorption capacity.

Effect of the pH can be described on the basis of
zero point of charge (pHZPC), the point which the net
charge of adsorbent is zero. The experimental determi-
nation of pHZPC of MSAC has been identified to be
7.14. When solution pH<pHZPC, activated carbon
adsorbent will react as a positive surface; and it will
react as a negative surface when the solution
pH>pHZPC [19]. Therefore, for the pH values above
7.14, the negative charge density of MSAC increases,
which favors the adsorption of cationic dye. Con-
versely, for pH<7.14, the surface functional groups
on the carbon were protonated, thus enhanced the
adsorption of anionic dye molecules.

3.4. Isotherm modeling

In this study, the nonlinear Freundlich, Langmuir,
Temkin, and Redlich–Peterson isotherm models were
established. A comparison between the experimental
data points and the theoretical isotherms plot is

displayed in Fig. 5. The detailed parameters of these
different forms of isotherm equations are listed in
Table 3. The equilibrium data were getting valid for
Langmuir isotherm model, while Freundlich and Tem-
kin isotherms do not well represent the adsorption
data. The applicability of Langmuir isotherm model
suggests that the adsorption process is monolayer
with each molecule posing equal enthalpy and activa-
tion energy. The results demonstrated no interaction
and transmigration of dyes in the plane of the neigh-
boring surface. The suitability of Langmuir isotherm
to fit the data was verified by the exponent value of
Redlich–Peterson isotherm model, g, which approxi-
mate to unity, resulted to the original Langmuir equa-
tion.

The essential feature of Langmuir isotherm can be
expressed in terms of separation factor, RL, a dimen-
sionless constant defined as:
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RL ¼ 1

1þ KLC0

ð6Þ

where RL indicates isotherm to be either unfavorable
(RL > 1), linear (RL = 1), favorable (0 <RL < 1), or irre-
versible (RL = 0). From Fig. 6, it is clearly revealed that
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Fig. 6. Effect of initial concentration on the separation
factor, RL.

Table 4
Comparison adsorption capacities of various activated carbons for AB and MB

Adsorption capacity
(mg/g)

Precursor Activation
method

Activating
agent

Activation time
(min)

Methylene
blue

Acid
blue

Reference

MS Microwave
heating

NaOH 7 333.50 341.96 Present
study

Rice husk Microwave
heating

K2CO3 7 441.52 [20]

Spent catalysts of vinyl
synthesis

Microwave
heating

Steam 40 285.00 [21]

Pistachio nut shells Microwave
heating

KOH 7 296.57 [22]

Date stone Microwave
heating

KOH 8 316.11 [23]

Posidonia oceanica (L.) dead
leaves

Conventional
heating

ZnCl2 120 285.70 [24]

Rice straw Conventional
heating

(NH4)2HPO4 120 129.50 [25]

Waste rubber tire Conventional
heating

H2O2 1,440 9.20 [26]

Coconut coir pith Conventional
heating

N2 60 15.24 [27]

Pine cone Conventional
heating

H3PO4 60 298.40 [28]

Sugar cane bagasse Conventional
heating

H2SO4–CO2 600 217.40 [29]

Hemp bast Conventional
heating

H3PO4 120 28.75 [30]

Table 3
Isotherm parameters for the adsorption of AB and MB
onto MSAC at 30˚C

Isotherm model Adsorbates

AB MB

Langmuir Qo (mg/g) 341.96 333.50

b (L/mg) 0.71 0.45

R2 0.999 0.999

Freundlich KF (mg/g).(L/mg)1/n 149.14 132.24

n 5.50 5.07

R2 0.825 0.803

Temkin A (L/g) 22.30 11.68

B 45.75 47.64

R2 0.923 0.937

Redlich–Peterson aR (1/mg)g 0.72 0.46

KR (L/g) 244.40 152.13

g 0.998 1.001

R2 0.999 0.997
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the adsorption process was favorable at the concentra-
tions range being studied. Increasing concentration
from 50 to 500mg/L demonstrated a gradual decrease
in RL, indicating that higher initial dye concentration
may enhance the sorption process.

Table 4 summarizes a comparison of maximum
monolayer adsorption capacity of various activated
carbons derived from different precursors [20–30]. It
can be concluded that the activated carbon prepared
in this work showed relatively high adsorption capac-
ity of 330.96 and 339.58mg/g for MB and AB, respec-
tively, as compared to the literature. Thus, it is
noteworthy that considerable changes in the surface
properties were achieved within a short time, which
should be attributed to the distinct mechanism of
microwave heating. The activation time due to present
work is much shorter owing to the thermal efficiency
of microwave heating system. In conventional heating,
the energy is transferred by conduction and convec-
tion, which results in a thermal gradient reducing
from the surface to the inside. However, microwave
radiation promotes volumetric heating, leading to a
thermal gradient opposite to conventional heating
[31]. This irradiation has promoted the release of vola-
tiles from the char surface widening the porosity in
the original carbon network. The main advantage of
using microwave heating is that the treatment time
can be considerably reduced, which in many cases
represents a reduction in consumption of gases as
well. Additionally, microwave-induced activation may
react effectively at lower bulk temperatures, resulting
in energy and cost savings [32].

4. Conclusion

The results revealed the viability to prepare acti-
vated carbon from MS by microwave-induced NaOH
activation. The activation process took 7min at the
operating power of 600W. Microwave heating has
successfully reduced the activation time, which repre-
sents the reduction of energy and cost as well. Experi-
mental data were best described by the Langmuir
isotherm model, showing a maximum monolayer
adsorption capacity of 333.50 and 341.96mg/g for MB
and AB, respectively.
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in solution), Z. Phys. Chem. 57 (1906) 384–470.

[9] I. Langmuir, The adsorption of gases on plane surfaces of
glass, mica and platinum, J. Am. Chem. 57 (1918) 1361–1403.

[10] M.I. Tempkin, V. Pyzhev, Kinetics of ammonia synthesis on
promoted iron catalyst, Acta Phys. Chim. USSR 12 (1940)
327–356.

[11] O. Redlich, D.L. Peterson, A useful adsorption isotherm, J.
Phys. Chem. 63 (1959) 1024–1026.

[12] M. Belhachemi, F. Addoun, Adsorption of congo red onto
activated carbons having different surface properties, studies
of kinetics and adsorption equilibrium, Desalin. Water Treat.
37 (2012) 122–129.

[13] N. Bouchemal, F. Addoun, Adsorption of dyes from aqueous
solution onto activated carbons prepared from date pits: the
effect of adsorbents pore size distribution, Desalin. Water
Treat. 7 (2009) 242–250.
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