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ABSTRACT

Poly aromatic hydrocarbons are toxic to the living bodies even though present in trace amounts.
In this study, De-oiled rice bran charcoal was used as adsorbent for the adsorption of naphthalene
in aqueous solution. The De-oiled rice bran charcoal was characterized using XRD and SEM-EDX.
The batch experiments were performed to optimize the parameters for the maximum adsorption
of the naphthalene and the parameters included were - pH, initial naphthalene concentration,
amount of adsorbent, contact time and temperature of the naphthalene solution. A dose of 9.0 g L-

1 of biosorbents in solutions with an initial pH of 6.0, an initial naphthalene concentration of 50 mg
L-1 and a contact time of 75 minutes resulted in the maximum naphthalene removal efficiency. The
Freundlich isotherm gave a better fit than the Langmuir isotherm indicating that the biosorption
was potentially multilayer. The adsorption kinetics were also studied, and it was found that the
adsorption followed pseudo-second order kinetics, which implied that the biosorption was mainly
a chemisorption process. The results indicate that De-oiled rice bran charcoal is an effective low-
cost adsorbent for the removal of naphthalene ions from aqueous solutions due to its high
naphthalene uptake capacity.

KEY WORDS : Adsorption, De-oiled rice bran charcoal, Naphthalene, Dye removal,
Isotherms, Wastewater Treatment

INTRODUCTION

Polycyclic aromatic hydrocarbons are the organic
compounds which consist of only hydrogen and
carbon and are made of multiple aromatic rings.
Naphthalene is one of the simplest chemical of this
class which consists of double aromatic rings and the
three ring compounds phenanthrene and
anthracene. Polycyclic Aromatic Hydrocarbons
(PAH) establish a critical class of very dangerous
and long living environmental pollutants. For
acknowledgement of their poisonous quality and
high versatility in the environment, a safe tolerance
limit of PAHs in the potable water has been

recommended by World Health Organization
(WHO, 2006), and these compounds have been
incorporated in the list of important pollutants to be
observed in industrial effluents by the European
Environmental Agency (EEA). In spite of all this,
they have been detected in a variety of waters as
well as wastewaters (Douben, 2003 and Williams,
1990), because they are related to a number of
industrial processes like incomplete combustions of
fuel and coke making (Cabal, 2009).

Polycyclic aromatic hydrocarbons are largely
lipopholic, chemically inert, and can be dissolved in
a large number of organic solvents. Hence, their
biological activities and characteristics may differ in
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the environment (Barr and Aust, 1994). Polycyclic
aromatic hydrocarbons have gained a large
consideration because of their ill-effects related to
human health like skin problems, bladder, lungs,
colon and breast cancer (Boffetta et al., 1997; Marti-
Cid et al., 2008). Due to these adverse effects
polycyclic aromatic hydrocarbons have been put in
to the class of highly toxic materials by different
agencies (Matina et al., 2014). PAHs having smaller
molecular weights like naphthalene on dissolving in
water pose a heavy threat to aquatic life and impart
toxic effects to many living organisms.

PAHs are universally dispersed in the diverse
types of biosphere such as atmosphere, lithosphere
and hydrosphere because of their large use in the
industries. Polycyclic aromatic hydrocarbons are
discharged into the surroundings by different means
which are extensively differentiated into
anthropogenic sources e.g. paint, oil refinery, carpet
and chemical industry. Refineries are the prime
sources for discharge of PAH compounds in the
atmosphere. Volcanic eruption and forest fire are
amongst the other normal means of polycyclic
aromatic hydrocarbon compounds. PAH has for
quite some time been of worldwide concern due to
its stubbornness credited to delocalized pibonds and
fused benzene ring bringing about harmful and
carcinogenic potential. PAHs have affinity for lipids
and hence get effectively dispersed into the aquatic
food chains bringing about biomagnification and
bioaccumulation of PAHs (Ke et al., 2010). Various
innovations have been done amid the recent
decades for the cleaning of persistent PAHs from
surroundings. Chemical and physical treatment
technologies are common however they are not
much eco-friendly. To conquer the adverse effects of
chemical and physical techniques on the ecosystem,
biological means like biodegradation or biosorption
are more appropriate. Biological techniques are
economical and environment friendly to disinfect
effluents and soils.

Naphthalene is a polycyclic aromatic
hydrocarbon (PAH) that has a large number of uses
in many industrial units and is a noteworthy
component experienced by the coal and tar based
industries. It has been identified in soil, oil tainted
sediments, and both urban and industrial
wastewater. Naphthalene has also periodically been
isolated as pollutant at waste sites. To save the
aquatic life, the allowable concentrations of
naphthalene are 0.6 and 2.3 mg L-1 on chronic and
acute toxicity, respectively. Naphthalene is highly

dangerous by hypodermic route, and naphthalene
poisoning may occur by ingestion of extensive
dosages, breathing or skin absorption
(Vipulanandan and Ren, 2000). Deliberate disclosure
to naphthalene and its derivatives have been held
responsible to cause a number of disorders and also
disturbance of the metabolism of human beings
(Amoore and Hautala, 1983; Agarry et al., 2013).

Different chemical treatment methods have been
reported in literature to remove naphthalene from
water such as electrochemical separation, solvent
extraction, precipitation, distillation, reverse
osmosis, ion exchange etc.  (Kong et al., 2014). While
some of these techniques are expensive and difficult
to operate (such as reverse osmosis, electrochemical
separation, solvent extraction, etc.), the others are
energy intensive processes (such as distillation) and
also these methods are responsible for generating
toxic sludge & secondary pollution (Guo et al., 2009;
Tasar et al., 2014;  Guyo et al., 2015).

Adsorption is known to be one of the most
promising techniques for removal of naphthalene.
Adsorption can happen due to association within
any two different phases like liquid-solid, liquid-
liquid and gas-liquid interfaces (Barakat, 2011).
Furthermore, adsorption has emerged to be
considered as a realistic separation technique for
bulk separation or purification in the newly created
material production methods. Pore structures and
surface characteristics of the adsorbents are major
properties for determination of rate properties and
adsorption equilibrium required for the design of
plant. New adsorbents are being continuously
explored with introduction of latest applications for
adsorption technique. For the design of adsorption
operations, the fundamental factor is adsorption
equilibrium.

When the adsorption occurs with suspended
adsorbent molecules in a container, adsorbate gets
transferred to the adsorption sites available in
adsorbent molecule from the bulk liquid phase.
During such situations the concentration in the fluid
phase or changes in adsorbed amount can be
determined by using differential equations
explaining mass balances in molecule, at the external
periphery and between the fluid phase and particle.
Diffusion parameters should be determined by a
general kinetic system.

The objective of the present study was to evaluate
charcoal prepared from de-oiled rice bran,
completely chemical free and environmental
friendly as a low cost biosorbent for the removal of
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naphthalene from aqueous solution. The removal
efficiency was investigated by a series of
experiments under different experimental
conditions such as solution pH, contact time, initial
concentration  temperature and biosorbent dosage.

MATERIALS AND METHODS

Materials

Naphthalene (C10H8) having molecular weight
128.17 g mol-1, 99% purity was procured from
Merck, India. Because of low solubility of
naphthalene (polycyclic aromatic hydrocarbon) in
water, a water-methanol solution was used to
prepare an aqueous solution. A stock solution was
prepared by dissolving 1.0 g of naphthalene in 1.0 L
of deionized water-methanol solution, the later
consisting of 950 mL deionized water and 50 mL
methanol. This was used to prepare working
solutions of different concentrations (25, 50, 75, 100,
125, 150 mg L–1) by diluting it with deionized water.

Rice-bran was obtained from Bhagwati Lacto Rice
Mills, Ferozepur (India). The oil from rice bran was
removed by soxhlet extraction. The de-oiled rice
bran was first washed with distilled water to
remove the soil, sand and any other undesirable
material and then, dried at 50 °C in an air oven for
24 hours. The de-oiled rice bran was further reduced
to 1-2 mm size by grinding. These particles were
pyrolysed in a furnace at 500 oC for 2.5 hours (Singh
et al., 2018). The produced char was grinded, sieved
through 100 mesh sieve. It was then stored in an air
tight container and labeled as ‘De-oiled Rice Bran
Charcoal (DRBC).

Experimental Set-up

The experiments were conducted in 250 mL
Erlenmeyer flasks with the working volume of 100
ml of aqueous naphthalene solution. The pH of the
solution was adjusted to the desired value by
adding 0.1 M NaOH or HCl. After the required
amount of adsorbent dose was added, the flasks
were shaken for the specified time period in a
temperature-controlled incubation shaker at 120
rpm. The flasks were withdrawn from the shaker
after the required time of operation. The supernatant
and the spent adsorbent were separated by
centrifugation at 6000 rpm for 15 minutes using the
centrifuge (R24 REMI Centrifuge, Mumbai, India).
The residual naphthalene concentration in the
supernatant was analyzed by measuring the

solution absorbance at  = 290 nm using a UV–
visible spectrophotometer (Model–EI-2375 of
Electronics India). All experiments were carried out
in triplicate and the average values are presented.

The amount of equilibrium absorption Qe (mg/g)
of the naphthalene was calculated by:

.. (1)
The percentage removal of naphthalene was

calculated as:
C0 – Ce% naphthalene removal = × 100 .. (2)

C0

where, Co and Ce (mg/L) are initial concentration
and equilibrium concentration respectively, V is the
volume of the solution (L) and w is the mass of the
adsorbent (g).

The process parameters such as solution pH,
adsorbent dose, initial naphthalene concentration,
time and temperature were chosen as the
independent input variables and the efficiency of
naphthalene removal as the dependent output
variable.

RESULTS AND DISCUSSION

Characterization of adsorbent

The X-ray diffraction studies were done by XRD
analyzer (Pan analytical X’pert Pro diffractometer,
D/max rA) at 45 kV and 40 mA (Cu K = 1.50406
Å). The XRD pattern of de-oiled rice bran charcoal
adsorbent is illustrated in Figure 1. The XRD pattern
indicates the amorphous structure of adsorbent with
a small sharp peak at 2 = 26.62°, one mid-size peak
at 29.44 and few smaller peaks at 39.43 and 48.59.

Morphological structures of the adsorbent was
drawn using scanning electron microscope (SEM)
JSM-6510 LV, JEOL and elemental composition was
performed by energy-dispersive X-ray spectroscopy
(EDS) INCax-act, Oxford Instruments. SEM-EDS
made it possible to visualize the surface morphology

Fig. 1. XRD analysis of de-oiled rice bran charcoal
carbonized at 500 oC
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of adsorbent. Figure 2(a) and 2(b) of microscopy
SEM shows a porous aspect of 10-30 ìm sized
adsorbent particles which facilitate materials
adsorption. In addition, spectrum EDX (Figure 3)
shows the presence of various elements as Calcium,
Magnesium, Sodium, Silicon and Potassium.

increase in pH from 5.0 to 6.0 and decreased at the
pH > 6.0 (Figure 4). The highest removal efficiency
took place at pH 6.0 and reached 94.00%. The
electrostatic interaction within the sorbate and
biosorbent is controlled by pH of the wastewater.
The surface characteristics of a biosorbent rely on the
available functional groups and also on its point of
zero charge (pHPZC) or iso-electric point. At lower
pH the external surface charges are positive on the
biosorbent, therefore at lower pH less biosorption of
naphthalene occurs. The minimum naphthalene
adsorption was observed at pH 5.0. Anionic
adsorption was favored at pH below pHPZC
whereas cationic adsorption above pHPZC (Savova
et al., 2001). With the increase in pH, the biosorbent
surface exhibits more negative charge and the
naphthalene adsorption reached to maximum extent
at an optimum value of pH 6.0. Hence, the highest
adsorption capacity exists at pH value 6.0, and
above pH 6.0, it decreased.

Fig. 2. SEM images of de-oiled rice bran charcoal
carbonized at 500 oC at different magnifications of
(a) 5000 (b) 2500

Fig. 3. EDX image of de-oiled rice bran charcoal
carbonized at 500 oC

Effect of solution pH

As pH of the solution effect the surface charge of the
adsorbent and furthermore the ionization of
adsorbate and thus is an imperative parameter to
perform the adsorption procedure. The effect of pH
on the adsorptive disposal of naphthalene by
carbonized de-oiled rice bran was investigated by
varying pH values from 5.0-9.0 (Figure 4). It is
observed that the adsorption of naphthalene
increases from 90.20% to 94.00% as the pH of the
solution is increased from 5.0 to 6.0. Thereafter,
removal efficiency decreases slightly with further
increase in pH of the medium. Hence, an ideal value
of pH 6.0 is adopted for further biosorption
investigations on naphthalene. It was also observed
that a continuous rise in the adsorption capacity and
removal efficiency of naphthalene occurred with an

Fig. 4. Effect of pH on adsorbed quantity of naphthalene
onto de-oiled rice bran charcoal. Initial
naphthalene ion concentration 50 mgL-1 and
adsorbent dose 9.0 g L-1

Effect of naphthalene concentration and contact
time

The naphthalene concentration ranging from 50 mg
L-1 to 150 mg L-1 was investigated to determine the
effect of initial concentration of naphthalene and
contact time on adsorption by utilizing de-oiled rice
bran charcoal (DRBC) at 400C and the results are
shown in Figures 5 and 6.  It was found that with the
increase in naphthalene concentration from 50 mg L-
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1 to 150 mg L-1, equilibrium adsorption, Qe increased
from 5.22 mg g-1 to 13.68 mg g-1 in 75 minutes when
solution pH was 6.0 and adsorbent dose was 9.0 g L-

1. Initially, the rate of removal was fast and it slowly
decreased to attain the equilibrium state, after which
no significant increase in the removal rate was
observed. Equilibrium was achieved for five
different initial naphthalene concentrations
equilibrium after 75 min (Figure 5). Hence, 75 min
was chosen as equilibrium time in the present study.
Initially, the more number of active binding sites are
available, which is the major cause of faster
biosorption at the start of adsorption. Therefore, the
adsorption occurred at a very fast rate and is
generally influenced by the diffusion phenomenon
from the bulk to the surface. In the later phases
adsorption is generally an attachment controlled
phenomenon because of decrease in the available
binding sites. Similar results have been reported for
adsorption of naphthalene onto various biosorbents
(Agarry and Aremu, 2012). As the initial
concentration of naphthalene is increased, the
removal percentage of naphthalene decreases
(Figure 6). This trend is because of the reason that all
the adsorbents have some fixed number of active
binding sites and above a specific concentration
these binding sites get saturated (Tsai and Chen,
2010), although the adsorption efficiency at
equilibrium was observed to rise with increased
initial concentration of naphthalene (Figure 5). This
observation was because of an increased
concentration gradient which provides an increased
driving effort to surpass the resistance to the mass

transfer of naphthalene between solid and aqueous
phase (Baek et al., 2010).

Effect of adsorbent dose

As the adsorption is directly influenced by the
surface area available for naphthalene, so to study
the effect of adsorbent dose it was varied from 5.0 g
L-1 to 11.0 g L-1to investigate its effect for 1.0 hour
contact time, 50 mgL-1 initial naphthalene
concentration, pH 6.0 at a temperature of 40 0C. The
influence of adsorbent dosage on the adsorbed
quantity of naphthalene with time is represented in
Figure 7. Higher percentage removal of naphthalene
was observed on increasing the dose of biosorbent.
This was probably because of presence of more
binding sites on the adsorbent surface and increased
adsorptive surface area (Das and Mondal, 2011;
Nasuha et al., 2010). However, reverse trend was
shown by the equilibrium adsorption capacity. With
the increase in adsorbent dose, the adsorption
capacity started decreasing (Figure 8). This is mainly
because of reduction in total adsorption surface area
available to the naphthalene due to aggregation or
overlapping of binding sites (Crini et al., 2007, Akar
et al., 2009). Hence, on increasing the adsorbent
mass, the quantity of adsorbed naphthalene per unit
mass of adsorbent was decreased, resulting in a
decline in adsorption capacity with increase in
adsorbent mass concentration. Further, the highest
removal of naphthalene was observed by using 9.0 g

Fig. 5. Effect of contact time on adsorption of
naphthalene. Interval of initial naphthalene conc.
(50-150 mg L-1), adsorbent dose 9.0 g L-1, pH 6.0
and temp. 40 oC

Fig. 6. Effect of initial naphthalene concentration on %age
naphthalene removal. Interval of initial
naphthalene concentration (50-150 mg L-1),
adsorbent dose 9.0 g L-1, pH 6.0, temp. 40 oC and
contact time 75 minutes
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of de-oiled rice bran charcoal and further increase in
adsorbent dosage did not have any significant effect
on the biosorption yield. This is because of the non-
availability of binding sites on the adsorbent and the
formation of equilibrium state between the
naphthalene in solution and on the biosorbent.

Effect of solution temperature

It is vital to consider the effect of temperature during
the adsorption of naphthalene. In this investigation,
the effect of temperature on the naphthalene
adsorption in the range of 30 oC-60 oC was studied.

The mobility of naphthalene increases with an
increase in the temperature and hence an increase in
absorption on the biosorption surface is observed.
As shown in Figure 9, the absorption (%) increases
up to 40 oC and thereafter it starts decreasing. This
was exclusively because of the increase in surface
activity indicating that naphthalene adsorption on
de-oiled rice bran was an endothermic process.
Similar results have been given for the naphthalene
biosorption onto organo-sepiolite (Gok et al., 2008).

Adsorption kinetics

Various models are able to convey the controlling
process of adsorption procedure for example mass
transfer as well as chemical reaction. The intra-
particle dispersion, pseudo-first order and pseudo-
second order prototypes were highly frequently
utilized to review the match of investigational data
of lead ions adsorption on the kinetics equations
recommended by numerous authors (Weber and
Morris, 1963).

The kinetic adsorption of naphthalene onto De-
oiled Rice Bran Charcoal was studied at a
temperature of 40 oC with an initial concentration of
50 mgL-1.The kinetics prototype of pseudo-first
order is largely designed for the low dilutions of
aqueous solution. This model is submitted by the
relative of Lagergren founded on the adsorbed
quantity. The pseudo-first order considers the
adsorption rate of occupation sites to be
proportional to the number of unoccupied sites. This
model of pseudo-first order is characterized by the
resulting relation (Ru-Ling et al., 2014):

Fig. 7. Effect of adsorbent dose on adsorption quantity.
Initial naphthalene concentration 50 mg L-1, pH 6.0
and temp. 40 oC

Fig. 8. Effect of adsorbent dose on %age adsorption.
Initial naphthalene concentration 50 mg L-1, pH
6.0, temp. 40 oC and contact time 75 minutes

Fig. 9. Effect of temperature on adsorption of
naphthalene onto de-oiled rice bran charcoal
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 ln (Qe– Qt) = ln Qe – K1t .. (3)

where K1 is the steady speed of adsorption of the
pseudo-first order prototype (min-1), a straight-
talking line of ln (Qe – Qt) vs.t suggests the
application of pseudo-first order kinetics prototype.

Another equation, pseudo-second order (Talal,
2014) can be utilized for kinetics analysis and is
founded on the adsorption equilibrium capability
that might be conveyed in the following form:

.. (4)

where K2 is the steady speed of adsorption model
of pseudo-second order (g/mg min-1); if this
equation is verified, by tracking t/Qt according to t,
we should acquire a line of slope 1/Qe and ordinate

in the starting equal to  .
The adsorption kinetics modelling of naphthalene

onto De-oiled Rice Bran Charcoal adsorbent by
pseudo first order kinetic and pseudo second order
kinetic model is presented in Figures 10 and 11
respectively. The parameters calculated by the two
models are presented in Table 1, which also
mentions the adsorbed quantity of the naphthalene
and correlation coefficients.

naphthalene adsorbed is different from that
calculated using pseudo-first order kinetics. On the
other hand, the actual adsorbed quantity is closer to
the calculated value using the kinetics model of the
pseudo-second order. This model is utilized to
systems in issue of adsorbing/adsorbed analyzed
studying the obtained values of R2 coefficients,
which are extremely close together to the unity.
Hence it is concluded that the pseudo-second order
model correlates the kinetic data better (R2  0.998)
than pseudo-first order.

Adsorption isotherms

The Langmuir prototype is centered on chemical
exchanges among solute molecules and adsorbent.
According to this prototype, the adsorption of
molecules arises in a single layer (establishing a
molecular monolayer). This concentrated adsorption
on specific sites can cover only one molecule per site.
The mathematical expression is:

.. (5)

where QL (mg/g) is the maximum adsorption
capability (monolayer coverage capability), KL (L/

Table 1. Comparison between pseudo-first order and pseudo-second order adsorption constant rate, calculated and
experimental Qe values for different initial naphthalene concentrations

Initial Naphthalene Pseudo-first order Pseudo-second order
Conc. (mg/L) (Qe)exp Qe (cal.) K1 Rf

2 Qe (cal.) K2 Rs
2

10 5.222 1.290 0.101 0.971 5.319 0.181 0.999
20 7.711 3.762 0.121 0.979 7.937 0.096 0.999
30 9.811 6.056 0.111 0.981 10.204 0.039 0.999
40 11.944 9.440 0.128 0.970 12.500 0.028 0.998
50 13.678 9.718 0.097 0.913 14.286 0.022 0.999

Fig. 10. Pseudo first order model of adsorption kinetics of
naphthalene onto de-oiled rice bran charcoal

From these results, it is clear that in case of
pseudo-first order, the actual quantity of

Fig. 11. Pseudo second order model of adsorption
kinetics of naphthalene onto de-oiled rice bran
charcoal
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mg) is the equilibrium constant linked to the affinity
among adsorbent and adsorbate. The vital feature of
Langmuir isotherm can be conveyed by the
dimensionless constant called equilibrium
parameter, RL, defined by:

.. (6)

where RL values indicate the type of isotherm to
be irreversible (RL = 0), favorable (0 <RL<1), and
unfavorable (RL> 1) (Miyah et al., 2016; Mahmoodi
and Arami, 2008).

The Freundlich isotherm believes that adsorption
happens across a heterogeneous surface with a
multilayer adsorption mechanism, and that
adsorbed sum increases with adsorbate
concentration according to the following equation:

.. (7)

where KF is the Freundlich constant and nF is a
constant related to adsorption intensity.

The plots of experimental adsorption data at 60
oC with Langmuir and Freundlich equations are
given in Figures 12 and 13 respectively. The results
obtained at different temperatures using Langmuir
and Freundlich equations are tabulated in Table 2.

Adsorption isotherms of Freundlich and
Langmuir were utilized to fit the values of
experimental data. The results obtained by using
Langmuir and Freundlich equations at different
temperatures are tabulated in Table 2. The values of
the linear regression coefficients show that
Freundlich model gave the best fit in the
investigated concentrations range as given in the
Figures 13.

Table 2. Isotherm constants for naphthalene adsorption at different temperatures onto De-oiled rice bran charcoal

Temperature (oC) Langmuir isotherm model Freundlich isotherm model
QL KL RL

2 KF nF RF
2

30 18.182 0.068 0.972 2.307 2.049 0.998
40 17.241 0.136 0.992 3.428 2.331 0.984
50 17.036 0.106 0.987 2.989 2.262 0.991
60 17.422 0.083 0.977 2.598 2.153 0.997

Fig.12. Langmuir isotherms for adsorption of naphtha-
lene onto de-oiled rice bran charcoal at 40 oC

Fig.13. Freundlich isotherms for adsorption of naphtha-
lene ions onto de-oiled rice bran charcoal at 40 oC

CONCLUSION

The present study concluded that de-oiled rice bran
charcoal (DRBC) carbonized at a temperature of 500
oC for 2.5 hrs can be used as an effective adsorbent
for removal of naphthalene from aqueous solution
as it adsorbs 94.00% of naphthalene at initial
naphthalene concentration of 50 mg L-1, pH 6.0,
adsorbent dose 9.0 g L-1, temperature 40 oC and
contact time 75 minutes. Pseudo-second order
model correlates the kinetic data better (R2  0.998)
than pseudo-first order. Freundlich isotherm model
could represent the adsorption data with reasonable
and consistent parameters.
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