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ABSTRACT

Sea mango (Cerbera odollam), a non-edible fruit which is abundantly available in Malaysia
was transformed into a potential low-cost activated carbon for the removal of methyl orange
(MO) (mono azo dye) from textile wastewater. The activated carbon was subjected to
carbonization process at 200˚C with nitrogen (N2), followed by chemical activation with
phosphoric acid (H3PO4) and physical activation using microwaves at 500˚C for 2 h.
The Brunauer–Emmet and Teller surface area for the produced activated carbon was
1,437 m2/g. The effects of several operating parameters, such as activated carbon dosage,
contact time; initial concentration, and pH at room temperature on the adsorption process
of MO from simulated textile wastewater were evaluated. The minimum duration for the
dye adsorption reached the equilibrium state was 60 min. Removal of dye in acidic solu-
tions was preferred rather than in basic solution. Higher initial dye concentration performed
better on dye removal than lower concentration. Adsorption behavior of MO on sea mango
activated carbon was expressed by both Langmuir and Freundlich isotherms.

Keywords: Sea mango (Cerbera odollam); Activated carbon; Methyl orange; Phosphoric acid;
Microwaves; Isotherms

1. Introduction

Industrial effluent from various industries such as
textile, plastics, paper, and dyestuffs produced a bulky

amount of wastewater per day. Approximately 2% of
dyes are released directly to the effluent during the
manufacturing processes and nearly 10% of the dye
loss throughout coloration process in textile industries
[1]. Dye color is the main pollutant identified in
wastewater, which is a significance of incompetent
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processing both in the dye-consuming and manufac-
turing industries. The toxicity and existence of this
color in very little amounts in water is highly visible
and unpleasant for aquatic life.

In recent years, a number of techniques have been
utilized on dyes treatment such as photocatalytic
degradation [2–4], electrocoagulation [5,6], electro-
chemical [7], advanced oxidation process [8], and
membrane separation [9,10], but these methods are
found to be impracticable in terms of cost and imple-
mentation. This commenced researchers to discover
cost-effective methods for dye removal such adsorp-
tion technique by carbon adsorbent. Adsorption pro-
cess using activated carbon is suitable in removing
soluble impurities from wastewater like methyl orange
(MO) dye as it can be absolutely removed even from
the diluted solution. The activated carbon itself has
large surface area per unit volume (m2/g) which con-
sists of meso and micropore where adsorption takes
place. It is the superior procedure and proved the best
result among the various methods of dye removal and
can be used for other types of pollutants [11–14] as
well.

The adsorption efficiency of the activated carbon is
really depend on the physical properties such as total
surface area, bulk density, hardness, and chemical
properties included pH [15], temperature, and initial
concentration of adsorbate. The characterization
through isotherm was performed in order to know the
capacity adsorption of the adsorbent. A few reviews
related to the isotherm studies of MO on adsorbent
were done [1,16–21]. It was found that various
isotherm models have been fitted to represent the
data. There are a few of parameter model, which are
Freundlich, Langmuir, Redlich–Peterson, Radke–
Prausnitz, and Toth. Of these, Freundlich and Lang-
muir model have been mostly used of the adsorbents
for MO adsorption isotherm.

Adsorbents such as spent tea leaves [22], mango
bark [23], coffee husks [24], coffee waste [25], cotton
waste [14], and eggshells [26] have been studied
widely as adsorbents. After a detailed screening in lit-
erature, there is no review articles focused on using
the natural material for dye removal. In the present
research, the activated carbon will be produced using
the sea mango (Cerbera odollam) which is a non-
commercialize precursor using three steps which are
carbonization with flow of nitrogen gas (N2), impreg-
nation in phosphoric acid (H3PO4), and activation
with absence of any gas. The main goal of this study
is to generate the best quality of activated carbon
using sea mango which able to adsorb the highest
amount of MO in the wastewater.

2. Materials and methods

2.1. Materials

Phosphoric acid (H3PO4) and MO were supplied
from Merck Milipore Corporation (80.0% purity,
Darmstadt, Germany) and Sigma-Aldrich (M) Sdn.
Bhd (Kuala Lumpur, Malaysia), respectively. The
precursor for the activated carbon was from the
non-edible fruit; sea mango (c. odollam), which was
collected from Perlis, Malaysia.

2.2. Synthesis of sea mango activated carbon (SMAC)

Mesoporous activated carbon was synthesized
using sea mango raw material (SMRM) as described
by Hidayah et al. [27]. In a typical preparation, the
fibrous shell part with particle size of 1–2 mm was
carbonized at 200˚C for 30 min with the presence of
nitrogen gas. Then, the sample was impregnated with
H3PO4 with mass ratio of 1:2 (precursor to activating
agent) and was then dried overnight in the oven at
110˚C under static condition. Subsequently, the mix-
ture was heated at 500˚C using microwave energy at a
rate of 1.5 L/min. After completing a duration of 2 h,
the sample was washed several times with hot dis-
tilled water to remove excessive H3PO4. The activated
carbon was then dried and maintained in an air-tight
container. The produced SMAC was ready to be used.

2.3. Characterization of activated carbon

The surface features of activated carbon prepared
were verified using the nitrogen sorption technique.
The nitrogen adsorption/desorption isotherms were
obtained from Micromeritics ASAP 2020 analyzer
(Micromeritics Instrument Corporation, Norcross, GA,
USA) and measured at –196˚C. Prior to adsorption/
desorption process, the samples were degassed for 3 h
at 300˚C. The specific surface area was determined
according to the Brunauer–Emmet–Teller (BET) model
[28], while the pore structure of the activated carbon
sample was analyzed using the Barrett–Joyner–
Halenda method [29].

A Fourier transform infrared (FTIR) spectrometer
(model 1600, PerkinElmer, Waltham, MA, USA) was
used to identify the surface functional groups. Acti-
vated carbon sample was mixed with spectroscopic-
grade KBr and formed into pellets at a pressure of
approximately 1 MPa. The samples were scanned in
the spectral range between 4,000 and 400 cm−1.

Scanning electron micrograph (SEM) (model
TM3000, Hitachi High-Technologies Corporation,
Tokyo, Japan) was employed to examine morphologies
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structure on SMRM and SMAC. Prior to inspection,
the biomass samples were coated with a thin electrical
conductive platinum film using an auto-fine coater
(model JFC-1600, JEOL Ltd, Tokyo, Japan).

2.4. Adsorption studies

Batch studies were performed at the room temper-
ature to evaluate the effect of various parameters (ad-
sorbent dosage, solution pH, contact time, and initial
concentration) for the removal of MO on SMAC from
aqueous solution. Prior to the experiments, the stock
solution was prepared by dissolving 1 g of MO in
1,000 mL of distilled water. In all experiments except
for the initial concentration, weighted SMAC was
added to 100 mL of adsorbate solution with a concen-
tration of 50 mg/L. Subsequently, the flasks that con-
tain adsorbent and adsorbate mixture were employed
on the orbital shaker and operated at constant speed
of 200 rpm for predetermined time intervals. The
residual concentration of MO solution was identified
by UV–visible spectrophotometer (model U2801,
Hitachi High-Technologies Corporation, Tokyo, Japan)
via a calibration curve at maximum wavelength
(465 nm). The amount of adsorbed dye, qe (mg/g) was
calculated by:

qe ¼ ðCo � CeÞ � v
m

(1)

where Co and Ce are the initial and equilibrium
liquid-phase dye concentrations (mg/L), respectively,
V is the volume of the adsorbate solution (L), and W
is the weight of the SMAC adsorbent used (g). The
performances of SMAC on dye removal were calcu-
lated from the different between the initial and equi-
librium concentration of the solution. The effect of
adsorbent dosage was studied by varying weight of
adsorbent from 0.2 to 1.0 g, whereas a pH range of
3–9 was applied for the effect of pH solution on solid–
liquid adsorption studies. The dilution of 0.1 M NaOH
and 0.1 M HCl solution was used for pH adjustment
[30].

3. Result and discussion

3.1. Characterization of activated carbon

3.1.1. Nitrogen adsorption–desorption isotherms of
SMAC

As shown in Fig. 1, the N2 adsorption and desorp-
tion isotherm of SMAC was in agreement with type
IV sorption isotherm and type H4 hysteresis loops

profiles, according to the IUPAC classification [31].
Type IV sorption isotherm and H4 hysteresis loops
show the concurrent existence of micro and meso-
pores. The initial part at (0.0–0.01) relative pressure
indicates the result of monolayer–multilayer adsorp-
tion on the mesopore walls [32]. Porous structure
results showed a high quality of activated carbon was
successfully derived with surface area of 1,437 m2/g
with the total pore volume (Vt) and mesoporous vol-
ume (Vmeso) are 0.897 and 0.885 cm3/g, respectively,
which signifying that it is mainly the mesoporous
stucture. The adsorbent pores were classified by
IUPAC into three categories: micropore width
(<2 nm), mesopore width (2–50 nm), and macropore
width (>50 nm) [33].

3.1.2. Functional groups of SMRM and SMAC

The spectral peaks in both samples SMRM and
SMAC contain a number of functional groups, (Fig. 2).
SMRM and SMAC have different spectrum peaks of
Fourier transform infrared spectra (FTIR) as these
peaks may have shifted, decreased in size or com-
pletely removed during activation. By comparing with
SMRM spectral peaks, there are three peaks have
shifted and existence permanently for SMAC at O–H
stretching of hydroxyl group (3,368 cm−1), C=C of aro-
matic ring (1,567 cm−1), and C–O ether (1,061 cm−1).

Raw sea mango showed a complex FTIR spectrum
which indicated surface functional group of the ligno-
celullosic material. At peak 3,339 cm−1 showed a strong
and broad absorption indicated the O–H stretching
vibration of hydroxyl functional groups, including
intermolecular hydrogen bonding [34]. Alkane func-
tional group with C–H sp3 stretching bond was
observed at peak 2,920 cm−1. Furthermore, carbonyl
(C=O stretching) and aromatic (C=C stretching) were
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Fig. 1. Nitrogen adsorption–desorption isotherm.
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found at peak 1,734 and 1,601 cm−1, respectively.
Besides, two peaks that indicated alkane group with
C–H bending were observed at peak 1,423 and
1,326 cm−1. On other hand, C–O stretching that indi-
cated ethers functional groups was found with double
peak at 1,233 and 1,034 cm−1 spectrum. Through all the
peaks produced by IR spectra, indicated that SMRM
functional group had similar as cerberin structure
(Fig. 3). The absorption frequencies and functional
group of SMRM and SMAC are summarized in Table 1.

3.1.3. Surface morphologies of SMRM and SMAC

Results of SEM of the SMRM and SMAC are
illustrated in Fig. 4, which on the similar top rod-like

part for both samples were compared. SMRM image
showed lignocellulosic structure and existence of por-
ous structure on SMAC image after undergoing
physicochemical treatment. Chemical treatment using
H3PO4 was created cavities on the carbon surface and
most organic matter easily evolved at higher tempera-
ture of 500˚C during physical treatment. The develop-
ment of porous structure on carbon surface were
proved that chemical and physical treatments applied
were successfully produced a good carbon adsorbent
for liquid adsorption. Liquid molecule would attach
on pore structure through physisorption during
adsorption process.

3.2. Study of various parameters on the adsorption of MO
dye by SMAC

3.2.1. Effect of adsorbent dosage

The effect of adsorbent dose on removal of MO
was studied by varying the adsorbent dosage while
keeping the same initial dye concentration. Fig. 5
reveals that percent of dye removal was increased as
the increasing of adsorbent dosage. At stable
condition, the percentage of removal enhanced from
65 to 80% for an increase in SMAC dosage from 0.2 to
0.4 g. However, after the critical dosage of 0.6 g, the
adsorption percentage achieved a constant value with
100% of dye removal. The increased of dye removal

Fig. 2. FTIR spectra for SMRM and SMAC.

Fig. 3. Chemical structure of cerberin.
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percentage was due to the availability of the active site
surface [35,36]. However, during the increasing of
adsorbent dosage to 0.8 g, the trend showed no signifi-
cance differences, as the surface site reach the maxi-
mum availability of carbon dosage to the adsorbate
concentration.

3.2.2. Effect of pH

The pH value is one of the main important param-
eter that gives a great effect to the removal of the MO.
As shown in Fig. 6, the amount adsorption of adsor-
bate reduced with the increasing of pH. When the pH
was changed from 3 to 9, the adsorption yield reduced
from 25 to 18 mg/g. On the other hand, the adsorp-
tion capacity was changed about 21% from pH 5 to 7.
It was proven that acidic was the best condition in

Table 1
Absorption frequencies and functional groups for SMRM and SMAC

Functional group Molecular motion Absorption Frequency (cm−1)

Peak (cm−1)

SMRM SMAC

Alcohol O–H stretch 3,200–3,600 3,339 3,368
Alkane C–H stretch 2,850–3,000 2,920 –
Carbonyl C=O stretch 1,670–1,820 1,734 –
Aromatic C=C stretch 1,400–1,620 1,601 1,567
Alkane –C–H bend 1,350–1,480 1,423, 1,326 –
Ether C–O stretch 1,000–1,320 1,233, 1,034 1,061

Fig. 4. Surface structure through SEM image for (a) SMRM and (b) SMAC.
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removal of MO, due to the rich of H+ ions on the
adsorbent surface with more attraction to MO mole-
cule with anionic charge. The different charge of
adsorbent and adsorbate will enhance the ability of
adsorption of MO onto SMAC. The similar result was
recorded by Chen and co-workers [32]. In contrast,
Hamdaoui and Naffrechoux [37] reported that OH–

ions cause repulsion between negatively charge sur-
face and the dye molecule. According to Hameed [38],
the adsorbent may receive negatively charge cause by
the higher pH solution of adsorbate which enhance
the positively charge dye cation through electrostatic
force of attraction.

3.2.3. Effect of contact time

As illustrated in Fig. 7, it is apparent that time
has essential influence on the adsorption of dye for a
variety of initial dye concentrations (50, 100, 150, 200,
and 250 mg/L). Every single concentration showed
similar pattern of dye adsorption with slightly expe-
ditious in the first 30 min, subsequently slowly
increased with the extension of contact time except
for the lowest initial concentration (50 mg/L). After
60 min of contact time, no noticeable variation in
adsorbed dye was detected. At the earlier contact
time, rapid increasing of percentage removal occurs
because of the availability of surface of activated car-
bon with positive charge. On the other hand, the
slow rate of adsorption after the equilibrium condi-
tion reached is due to the slow pore diffusion of the
solute ion into the bulk of the adsorbent [32]. Never-
theless, there was no significant influence on the
adsorption of dye for the lowest initial concentration
of 50 mg/L.

3.2.4. Effect of initial dye concentration

The effect of the initial dye concentration on the
adsorption capacity and dye removal efficiency is
illustrated in Fig. 8. It was observed that dye removal
efficiency reached up to maximum of 98% at the low-
est concentration (50 mg/L), then reduced to 78% at
the highest concentration (250 mg/L). It was proved
that availability unoccupied binding sites on the
adsorbents was limited for low initial concentration as
compared to high initial concentration. The capacity of
dye adsorbed enhanced from 25 to 97 mg/g with an
increment in the initial dye concentration from 50 to
250 mg/L. The essential driving force was provided
by initial dye concentration to overcome the resistance
due to interchanging of dye molecule between
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aqueous and solid phases. As a result, the interaction
between MO and SMAC adsorbent was increased, and
the initial dye concentration was also increased.

3.3. Isotherm analysis

The equilibrium of adsorption was determined
using the Langmuir and the Freundlich isotherms to
describe the adsorption behavior of the solid–liquid
system. The Langmuir isotherms theory showed the
relationship between the active sites of the surface
undergoing the adsorption process [22], whereas
adsorbate with monolayer features coverage on the
top of homogenous adsorbent surface. A basic suppo-
sition is that sorption process occurs at definite
homogenous sites within the adsorbent. After a dye
molecule engaged the empty site, no more adsorption
can occur at that site.

The basic Langmuir model is:

qe ¼ QmKLCe

1þ KLCe
(2)

The model generally was simplified into the form by
the following equation:

Ce

qe
¼ 1

QmKL
þ 1

Qm
Ce (3)

where Ce is the equilibrium concentration of the
adsorbate (mg/L), qe is the amount of adsorbate
adsorbed per unit mass of adsorbent (mg/g), Qm is
the theoretical maximum adsorption capacity (mg/g),
and KL (L/mg) is the Langmuir isotherm constant
related to adsorption efficiency and energy of adsorp-
tion, respectively. The linear plot of ce/qe against ce
followed a Langmuir isotherm model as in Fig. 9. Qm

and KL were obtained from the slope and intercept of
the plot. The equilibrium data and constant for the
Langmuir isotherm is listed in Table 2. The dimen-
sionless constant separation factor, RL that is given by
Eq. (4) which is defined as follows:

RL ¼ 1

1þ KLCo
(4)

where Co is the initial dye concentration (mg/L) and
KL (L/mg) is the Langmuir constant. By referring the
RL value, the shape of the isotherm was divided into
four shapes to be either unfavorable (RL > 1), linear
(RL = 1), favorable (0 < RL < 1), or irreversible (RL = 0).
In this present study, the value of RL for the adsorp-
tion of MO onto SMAC is in the range of 0.01–0.08,
indicated that the adsorption was a favorable process
(Fig. 10).

The Freundlich isotherm is an empirical equation
assuming that the adsorption process ensued on the
homogenous surfaces and the concentration of MO
dye at equilibrium condition is related to its adsorp-
tion capacity. On other hand, this type of isotherm
was taken heterogeneous system into account and is
not limited to the formation of the monolayer [39].

The basic Freundlich isotherm is:

qe ¼ KFC
1=n
e (5)

y = 0.0097x + 0.0429

R² = 0.9923
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Fig. 9. Langmuir isotherm for adsorption of MO on
SMAC.

Table 2
Isotherm constant value for MO adsorption on SMAC

Langmuir Freundlich

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

103.10 0.2261 0.01–0.08 0.9923 30.70 0.2983 0.9959
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The model was simplified into the normal form by the
following equation:

ln qe ¼ lnKF þ 1

n
lnCe (6)

The adsorption capacity is approximately indicated by
KF (L/mg), while adsorption intensity and surface
heterogeneity measured by 1/n. The scale of the expo-
nent, 1/n, showed the favorability of adsorption
where value n > 1 correspond to favorable adsorption
condition. It becomes more heterogeneous as its 1/n
value gets closer to zero. Table 2 lists the value of KF

and the linear regression correlation (R2) that was
obtained from plotted graph at Fig. 11 for the Fre-
undlich isotherm.

As presented in the table, Freundlich isotherm
with R2 value of 0.9959 constitutes a better fit of exper-
imental data than the Langmuir isotherm with R2

value of 0.9923. It signifies that Freundlich isotherm
appears to produce a reasonable model for sorption
with the value of 1/n was found between 0 and 1 rep-
resenting high adsorption intensity. The amount of

computed maximum monolayer capacity of SMAC for
the removal of MO by the Langmuir model was found
to be 103.10 mg/g.

3.4 Comparative study

The comparison of experimental adsorption capac-
ity of SMAC obtained in this study with those
reported in the literature using assorted adsorbents is
presented in Table 3. The experimental results
revealed the suitable adsorption capacity of SMAC in
removal of MO dye. The maximum adsorption capac-
ity, Qm of MO onto SMAC is comparatively higher
than some materials, whereas lower than the slightly
costly adsorbents such as carbon-coated monolith.
Additionally, the abundantly available of SMAC raw
material, sea mango can be used as promising
material to minimize the concentration of MO from
aqueous solution.
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Fig. 10. The separation factor for MO adsorption on
SMAC.
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Fig. 11. Freundlich isotherm for adsorption of MO on
SMAC.

Table 3
Adsorption capacities for the removal of MO by other alternative adsorbents and this study

Adsorbent Dye Adsorption capacity (mg/g) Refs.

Modified wheat straw MO 50.4 [40]
Modified coffee waste MO 58.8 [25]
Bottom ash MO 3.6 [41]
De-oiled soya MO 16.7 [41]
Banana peel MO 21.0 [42]
Orange peel MO 20.5 [42]
Carbon-coated monolith MO 147.1 [43]
SMAC (sea mango) MO 103.1 This study
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4. Conclusion

Sea mango from the new precursor from the orna-
mental plant waste showed a very good characteristic
in terms of surface area (BET), surface morphology
(SEM), and FTIR results. The performance of activated
carbon produced was tested via the removal of MO
from aqueous solution. The result obtained proved
that the surface area of the activated carbon was rela-
tively high (1,437 m2/g) showed high potential to be
used as an adsorbent. The batch experiment showed
that adsorption process occurred rapidly, as the high-
est removal occurred within 50 min of contact time
and the adsorption capacity of MO dye was better in
acidic condition. The adsorption of dye enhanced with
the increasing of initial dye concentration. The equilib-
rium data for adsorption parameters for the Langmuir
and Freundlich were determined and the best adsorp-
tion isotherm with the highest regression described by
the Freundlich isotherm model with linear regression
(0.9959). The sea mangos used in this present work
are freely and abundantly available with promises
low-cost adsorbent for the removal of MO from
aqueous solution that was suitable for the textile
industries.
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