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ABSTRACT

A profuse agricultural biomass waste oil palm frond powder (OPFP) has been used as a
stable extractor for the removal of chromium ions and characterized by using Fourier
Transform Infrared (FTIR), Thermogravimetric analysis (TGA), X-ray diffraction (XRD), and
Scanning electron microscopy (SEM) analyses. Batch adsorption experiments were
employed to study the main parameters under various conditions (e.g. contact time, solu-
tion pH, initial metal ion concentration, temperature, etc.). The most favorable pH for the
optimum sorption of chromium ion was found to be 4. Langmuir and Freundlich isotherms
were tested to describe the adsorption mechanism. The monolayer adsorption capacity of
OPFP for Cr(III) was found to be 119.04, 75.18, and 90.09 mg g−1 at 30, 40, and 50˚C, respec-
tively. Thermodynamic parameters were also computed and their results exposed the spon-
taneous and endothermic nature of sorption. FTIR confirmed that the interactions between
metal ions and OPFP were responsible for adsorption. TGA indicated that no weight loss of
mass was observed up to 300˚C. XRD and SEM image showed amorphous morphology of
untreated and metal-treated adsorbent. It was also found that after adsorption, the morphol-
ogy of metal-treated OPFP had been completely changed which proved the phenomenon of
adsorption. The low-cost thermally stable OPFP adsorbent has been successfully used for
the removal of chromium ions from aqueous solutions.
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1. Introduction

Water pollution due to heavy toxic metal ions has
become a great anxiety for living beings owing to the
human health hazards associated to their lethal caused
[1]. Unlike organic pollutants, heavy metals are not
biodegradable and tend to accumulate in living
beings. Directly or indirectly, they are dispersed in
natural water, accumulate in plants and animals, and
finally in human beings through the food chain or by
consumption of polluted water causing serious health

hazards [2,3]. Heavy metals are a particular concern in
the management of industrial wastewaters which
include zinc, copper, nickel, mercury, cadmium, lead
and chromium. So, heavy metal contamination has
turned out to be the most remarkable environmental
exertion of this century [4–6].

Among the heavy metal ions, chromium is the
seventh most plentiful element on earth [7]. In the last
few decades, the amount of chromium ions in aquatic
and terrestrial ecosystems has been increased as a
consequence of diverse anthropogenic activities (e.g.
leather tannery, metal finishing, electroplating, stain-
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less steel production, textile industries, etc.). In the
major toxic metal series, chromium is considered as
the new entry after lead, cadmium, and mercury.
Although chromium can exist in 11 valence states
ranging from −IV to +VI [8], but Cr(III) and Cr(VI)
play chief role in the environment owing to their sta-
bility. Cr(VI) is found to be 100 times more harmful
than Cr (III) [9], prolonged exposure to Cr(III) could
also cause skin allergies and cancer in human beings
[10]. In addition, under certain conditions, Cr(III) can
be oxidized to the state of more carcinogenic and
mutagenic chromium(VI) by some bacteria or manga-
nese oxide present in the environment [11]. The toxi-
cological effect of Cr(VI) is also observed in the cell as
an oxidizing agent as well as in the formation of free
radical during reduction of Cr(VI) to Cr(III) [12]. The
toxicity of Cr(VI) is the central theme of the Holly-
wood blockbuster movie “Erin Brockovitch.” In the
case of Hinkley (San Bernardino Country, USA), hexa-
valent chromium was used by Pacific Gas and Electric
Company (PG & E) in the cooling system to prevent
pipes from corrosion. The overflow of chromium con-
taminated water on the PG & E property leached into
the ground and infected local water supplies. PG & E
was required to compensate the plaintiffs $333 million,
to clean up the chromium contamination and to stop
using hexavalent chromium in their operations. This is
the highest compensation award in metal toxicity his-
tory. A similar case occurred in 2007 in the Asopos
River (near Oinofyta) Greece. In June 2009 (in
Midland, Texas, USA), the ground water was found to
be infected with chromium. The Indian Supreme court
(in 2005) fined Hema chemicals for unlawful chro-
mium discarding. So, the United States Environmental
Protection Agency has put down the highest contami-
nant level for Cr (IV) in domestic water supplies to be
0.05 mg L−1 while the total Cr containing (e.g. Cr (III),
Cr (VI)) and other species of chromium synchronized
to be discharged below 2.0 mg L−1 [13].

Consequently, various treatment methods such as
chemical precipitation, ion exchange, oxidation/reduc-
tion, liquid membrane adsorption, and biosorption
have been developed for the removal of chromium
[14–23]. The precipitation, oxidation/reduction, and
lime neutralization have traditionally been the most
frequently used methods. These technologies are mod-
erately satisfactory in terms of removal of chromium
from water, but these except a few produce solid resi-
dues. This toxic compound contains sludge whose
final disposal is commonly done by land filling which
is relatively of high costs and still a possibility of
ground water contamination remains. Nonetheless,
many of these attempts are marginally cost effective
or difficult to be employed in developing countries.

As a result, a treatment strategy should be simple, vig-
oros, and suitable for local resources and constraints
[24]. So, attention has been paid to develop natural
adsorbent for the removal of chromium ions from
aqueous solutions.

Malaysia is the second largest palm oil producer in
the world, covering plantation areas about 5.038
million hectares [25]. Oil palm tree (Elaeis guineensis)
has become one of the most essential and precious
commercial crops in Malaysia. Annually, the amount
of lignocellulosic biomass is increasing because of
palm oil plantation. In every 12 months, about 59
million tons palm oil biomass wastes by dry weight
(including palm kernel shells and empty fruit
brunches) were obtained at the time of replantation
[26]. The main objective of this paper is to characterize
oil palm frond powder (OPFP) and access its potential
application for the removal and recovery of chromium
ions from aqueous solutions.

2. Materials and methods

2.1. Raw materials (adsorbent)

The oil palm fronds were collected from FELDA
oil palm plantation, Tenggaroh, Johor, Malaysia. The
fronds were washed with demineralized water
(DMW) to remove unwanted dust, soil, and insects
prior to air-drying under sunlight. Oil palm fronds
were then chopped into small strips by a vertical band
saw and the size was reduced by using a hammer and
chisel and being dried in oven (at 65 ± 2˚C) for 24 h.
The dried fronds were further ground to powder,
washed with DMW, and filtered to remove the
unwanted particles. The powder was dried at 65 ± 2˚C
for 24 h and sieved to retain on mesh sieve
(250–500 μm). The powder was kept in a plastic bag
and was stored in a desiccator for further use.

2.2. Chemicals and reagents

All chemicals used were of analytical reagent
grade and were obtained from Sigma-Aldrich and
Fluka (Germany). The stock solution (1,000 mg L−1) of
chromium(III) ions was prepared by dissolving their
nitrate salt (CrN3O9·9H2O) in DMW. The solution was
diluted to the required concentrations for further uses.

2.3. Apparatus

Infrared (IR) spectra of samples were recorded on a
FTIR Spectrometer from Perkin Elmer (1730, USA)
using KBr disc method. Thermogravimetric analysis/
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differential thermal analysis (TGA/DTA) analysis was
carried out by DTG – 60 H; C305743 00134, (Schimadzu,
Japan) analyzer at a rate of 10˚C min−1 in nitrogen
atmosphere. An X’ Pert PRO analytical diffractometer
(PW-3040/60 Netherlands, Holland with CuK∝ radia-
tion λ = 1.5418 Å) was used for X-ray diffraction (XRD)
measurement. Scanning electron microscopy (SEM;
Carl-Ziess SMT, Oberkochen, Germany) analysis was
carried out on OPFP to study its surface morphology
before and after adsorption of Cr(III) ions. A digital pH
meter Elico EL-10 (Elico Malaysia) was used for pH
measurements. Flame atomic absorption spectrometry
(FAAS) measurements were made with a Model GBC-
932-Plus flame atomic absorption spectrometer (GBC
Scientific, Australia). A temperature-controlled shaker
(MSW-275, India) was used for shaking. Muffle furnace
(Narang Scientific works-India) was used for heating
samples at different temperatures.

2.4. Adsorption studies

Batch adsorption studies were carried out by shak-
ing 0.5 g of OPFP with 50 mL of the aqueous solutions
of chromium ions for many times using a
temperature-controlled shaker. The solution–adsor-
bents mixtures were stirred at 150 rpm and at the end
of pre-determined time interval, the reaction mixtures
were filtered out and analyzed for metal ion concen-
trations using Flame Atomic Absorption Spectrometer,
FAAS. The effect of pH of the initial solution on equi-
librium uptake of chromium ions was analyzed over a
pH range from 1.0 to 6.0. The pH was adjusted using
0.1 M NaOH and 0.1 M HCI solutions. The adsorption
experiments were also conducted to determine the
equilibrium time, the optimum pH, and initial concen-
tration of chromium ions for maximum adsorption.
The percentage of metal adsorption by the adsorbents
was computed using the equation:

% adsorption ¼ fðCi � CeÞ=Cig � 100 (1)

where Ci and Ce are the initial and equilibrium
concentration of metal ion (mg L−1) in the solution,
respectively. Adsorption capacity was calculated by
using the mass balance equation for the adsorbent:

q ¼ ðCi � CeÞV=W (2)

where q is the adsorption capacity (mg g−1), V is the
volume of metal ion solution (L), and W is the weight
of the adsorbent (g).

3. Results and discussion

3.1. Characterization of OPFP

3.1.1. Fourier Transform Infrared (FTIR) studies

FTIR analysis was done to identify the functional
groups present in untreated and chromium-loaded
OPFP and to examine the chemical changes before
and after treatment of chromium ions solutions. A
comparative FTIR spectrum (Fig. 1) show a broad
peak in the region (3,200–3,550 cm−1) which verify the
presence of –OH group [27], whereas the peak at
2,916 cm−1 is attributed to C–H stretching [28]. The
peaks with a maximum at 1,249 and 1,375 cm−1 prove
the presence of lignin in the adsorbent [29] because
lignin consists of guaiacyl (G) and syringyl propane
units (S) which have one and two methoxy groups.
The peak at 1,735 cm−1 is attributed to carbonyl
groups while the peaks at 1,506, 1,457, 1,428, 1,109,
and 1,062 cm−1 are assigned for the C–H deformations
of the aromatic skeleton of lignin [30]. The syringyl
ring breathing with CO stretching appears at 1,319
and 1,249 cm−1. The spectrum of chromium-loaded
OPFP also signifies that after loaded with metal ions,
the functional groups of OPFP are slightly affected in
their position and intensity. Table 1 summarizes the
stretching vibrations of every peak before and after
treatment of chromium ions solutions.

3.1.2. TGA studies

The thermal stability of native and chromium-
loaded OPFP was scrutinized by TGA–DTA (Fig. 2).
The TGA curve for untreated adsorbent shows only
6% weight loss up to 100˚C. This is due to the exclu-
sion of water molecules [31] from the adsorbent. One
of the important features is observed from the TGA
curve of unloaded OPFP; no weight loss of mass is
observed from 200 to 300˚C which indicates the high
thermally stable nature of adsorbent. The weight loss
from 250 to 390˚C is a result of the complete break-
down of the organic part of the adsorbent. From 390˚C
onward, continuous weight loss of mass is due to alter-
ation of the adsorbent into oxides. In comparison, in
the TGA curve of native OPFP with chromium-loaded
OPFP, no weight loss of mass is observed up to 300˚C.
The thermally stable characteristic property of chro-
mium-loaded OPFP suggests that it can be effortlessly
used in the industry at an elevated temperature.

3.1.3. X-ray and SEM analyses

X-ray analysis of untreated and chromium-loaded
OPFP samples were carried out to provide information
regarding amorphous and crystalline nature of the
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adsorbent. In the XRD patterns, no high or middle
intensity peaks is observed (Fig. 3) which confirms the
amorphous nature of both samples. The surface
morphology of untreated and metal-treated samples
was studied by SEM analysis. SEM images at different
magnifications (Fig. 4) also confirm the amorphous
morphology. SEM images show (Fig. 4(a and b)) that
native OPFP exhibits a cave-like, irregular, and rough
surface. However, after adsorption with chromium ion,
the surface morphology of chromium-loaded OPFP
(Fig. 4(c and d)) has been changed which is entirely dif-
ferent from the untreated OPFP, authenticating the
adsorption of chromium ions on the surface of adsor-
bent.

3.2. Adsorption studies

3.2.1. Effect of contact time and initial chromium ions
concentration

The effect of contact time and initial concentration
of adsorbate on adsorption capacity was investigated

to get the idea about the optimum absorption of
chromium (III) ions on OPFP in shortest time. It is
observed from Fig. 5 that the uptake of the metal ion
increased simultaneously with the passage of contact
time. Initially, the rate of absorption was fast.
However, it gradually slowed down until reached
equilibrium. This is due to the fact that a large num-
ber of vacant surface sites are available for adsorption
during the initial stage. After a lapse of time, the
remaining vacant surface sites are difficult to be occu-
pied due to repulsive forces between the solute mole-
cules of the solid and bulk phases. The maximum
exclusion of chromium ions from aqueous solution
was achieved after 120 min [32]. It is also evident
from Fig. 5 that the amount of chromium ions
adsorbed (mg g−1) increased with increase in initial
chromium ions concentration and remained constant
after equilibrium time. The concentration difference
provides an important driving force to overcome all
mass transfer resistances of the chromium ions
between the aqueous and solid phases. Hence, a
higher initial concentration of chromium ions

Fig. 1. A comparative FTIR spectra of chromium ions loaded and native OPFP adsorbent.
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enhances the adsorption process and the equilibrium
adsorption capacity of OPFP increases with increase
in initial metal ion concentration [33,34].

3.2.2. Effect of pH

The pH of the solution is the most important
parameter affecting metal ion adsorption. This is
because of the competition of hydrogen ion with the
positively charged metal ions on the active sites of
the adsorbent. It is depicted in Fig. 6; initially, the
adsorption capacity of chromium ions continuously
increased and reached a maximum at pH 4.0, after
that the percentage adsorption gradually decreased
which may be due to the formation of metal
hydroxides at higher pH.

Table 1
FTIR spectra of untreated and treated OPFP with Cr(III) ions

Frequency (before
adsorption)

Frequency (after
adsorption) Possible functional group Remarks

3411.22 3411.24 O–H (stretching) Phenol group of cellulose, pectin,
hemicellulose, lignin

2916.61 2918.40 C–H (stretching)
2˚ asymmetric carbon

Aliphatic compound. Methyl, methylene and
methoxy groups

2135.32 2135.81 CΞC (stretching) Alkynes
1735.54 1737.92 C=O (stretching) Aldehyde, carboxylic acids or isolated

carbonyl groups
1636.15 1635.75 C=C (symmetry)

C=O (stretching)
Alkenes, aldehyde or quinines or carboxylic
anhydrides

1506.76 1504.71 C=C (stretching) Aromatic rings
1457.68 1455.63 C–H group in the plane

deformation
Methyl, methylene or methoxy groups

1428.79 –
1375.63 1382.99 CH2 & CH3 deformation Alkanes
1319.96 1332.98
1249.31 1249.59 C–O (stretching) Alcohols, phenols and carboxylic acid
1162.63 1160.32
1109.38 –
1052.96 1049.94
897.47 897.21 =CH (stretching) Alkenes or benzene derivaties

Fig. 2. TG-DTA curves of chromium ions loaded and
native OPFP adsorbent.

Fig. 3. XRD diffraction patterns of chromium ions loaded
and native OPFP adsorbent.
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3.3. Adsorption isotherm studies

To study the adsorption mechanism of OPFP for
the removal of chromium (III) ions from aqueous
solutions, the Langmuir and Freundlich adsorption
isotherms models were used.

3.3.1. Langmuir adsorption model

This model assumes that the adsorptions occur at
specific homogeneous sites on the adsorbent and is
successfully used in monolayer molecular adsorption
processes [35]. The data of the equilibrium adsorption
of chromium ions onto OPFP may follow the follow-
ing form of Langmuir model:

Ce=qe ¼ ð1=bÞð1=KLÞ þ ð1=bÞðCeÞ (3)

where Ce is the equilibrium concentration (mg L−1)
and qe is the amount adsorbed per unit mass of adsor-
bent (mg g−1), KL is the Langmuir equilibrium constant

that is related to the heat of adsorption and b is the
monolayer capacity. Hence, a plot of Ce/qe vs. Ce

should be a straight line with a slope (1/b) and an
intercept as (1/b.KL) as shown in Fig. 7. The Langmuir-
type adsorption isotherm indicates surface homogene-
ity of the adsorbent and hints toward the conclusion
that the surface of the adsorbent is made up of small
adsorption patches which are energetically equivalent
to each other with respect to adsorption phenomenon.
The correlation coefficient (R2) values 0.987, 0.997, and
0.989, respectively, for 30, 40, and 50˚C indicate that
the adsorption data of chromium (III) ions onto OPFP
are well fitted to the Langmuir isotherm. The values of
constants KL and b are reported in Table 2.

3.3.2. Freundlich adsorption model

The Freundlich model can be applied for nonideal
adsorption on heterogeneous surfaces and multilayer
adsorption [36]. The Freundlich equations are:

Fig. 4. SEM micrographs of native (a, b) and chromium ions loaded (c, d) OPFP adsorbent at different magnifications
(250X and 500X).
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qe ¼ ðKFÞðC1=n
e Þ (4)

ln qe ¼ ln KF þ 1=n ln Ce (5)

where KF is the measure of sorption capacity, 1/n is
sorption intensity, and the rest of the terms have the
usual significance. Thus, a plot of ln qe vs. ln Ce

should be a straight line with a slope 1/n and an
intercept of ln KF as shown in Fig. 8. The related
parameters are reported in Table 2. The Freundlich-
type adsorption isotherm is an indication of surface
heterogeneity of the adsorbent and which is responsi-

ble for multilayer adsorption owing to the presence of
energetically heterogeneous adsorption sites. From
Table 2, the Langmuir adsorption isotherm model
yields good fit as indicated by the R2 values at all
temperatures compared to the Freundlich adsorption
isotherm models.

3.3.3 Thermodynamic studies

The standard free energy change is the fundamen-
tal criterion of spontaneity of a process. The Gibbs free
energy (ΔG˚), entropy (ΔS˚), and enthalpy changes
(ΔH˚) of adsorption can be calculated by Van’t Hoff
and Gibbs-Helmholtz equations:

�G� ¼ �RT ln KL (6)

Table 2
The related parameters for the adsorption of chromium
(III) ions onto OPFP at different temperatures

Adsorption isotherms and its
constants

Temperatures (˚C)

30 40 50

Langmuir adsorption isotherm constants
b (mg g−1) 119.04 75.18 90.09
KL (L mg−1) 0.357 0.678 02.84
R2 0.987 0.997 0.989

Freundlich adsorption isotherm constants
KF (mg g−1) (L mg−1)1/n 1.154 1.030 1.207
n 01.51 01.46 01.59
R2 0.965 0.985 0.943

0 20 40 60 80 100 120 140 160
0

1

2

3

4

5

6

7

8

9

10

11

12

A
m

ou
nt

 a
ds

or
be

d 
(m

g/
g)

Time (min.)

 5 mg/g

 25 mg/g

 50 mg/g

 100 mg/g

 200 mg/g

Fig. 5. Effect of contact time and initial concentration of
chromium ions adsorption on OPFP.

1 2 3 4 5 6
30

40

50

60

70

80

%
 a

ds
or

pt
io

n

pH

Fig. 6. Effect of the solution pH on chromium ions adsorption
on OPFP.

6 8 10 12 14 16 18 20 22

0.05

0.10

0.15

0.20

0.25

C
e(m

g/
L

)/
q e(m

g/
g)

Ce
 (mg/L)

300C

400C

500C

Fig. 7. Langmuir isotherm plots for the adsorption of
chromium ions on OPFP at different temperatures.

M. Shahadat et al. / Desalination and Water Treatment 53 (2015) 1395–1403 1401



where R is the universal gas constant (8.314
J mol−1 K−1) and T is the absolute temperature (K)
and KL is the Langmuir equilibrium constant.

Similarly, the standard enthalpy change (from 303
to 323 K) was computed from the following equation:

LnKL ¼ �S�=R��H�=RT (7)

A plot of ln KL vs. 1/T should be a straight line as
shown in Fig. 9 and the value of ΔH˚ and ΔS˚ can be
calculated from the slope and intercept, respectively.

The standard free energy change, standard
enthalpy change, and standard entropy change are
obtained from Eqs. (5) and (6) and their values associ-
ated with the adsorption of chromium ions onto OPFP
are listed in Table 3. The negative values of ΔG˚ indi-
cate the feasibility and spontaneous nature of the
adsorption with a high performance of chromium ions
on OPFP. The positive value of ΔH˚ and ΔS˚ indicates
the endothermic and spontaneous nature, respectively.
This behavior reflects the affinity of the adsorbents for
the chromium ions and suggests some structural
changes after adsorption. The value of n is found to
be greater than unity which indicates favorable
adsorption and supports the endothermic nature of
adsorption of chromium ions onto OPFP.

4. Conclusions

Naturally occurring novel thermally stable adsor-
bent (OPFP) has been made by means of simple
method and characterized by using sophisticated tech-
niques. XRD and SEM analyses reveal amorphous
morphology of treated and untreated OPFP whose
structure has been completely changed after adsorp-
tion. The good thermally stable asset suggests that it
can be used at the industry level at prominent temper-
ature without loss of any mass. Equilibrium data fitted
very well in the Langmuir isotherm equation, confirm-
ing the monolayer molecular adsorption of chromium
ions onto OPFP with adsorption capacity of
119.04 mg g−1. The thermodynamic calculations point
toward the feasibility of the adsorption process with
spontaneous and endothermic nature. On the basis of
good findings, the naturally occurring OPFP can be
used as an alternative for the removal of chromium
ions from industrial waste as well as natural waste.
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Table 3
The values of thermodynamic parameters for chromium
(III) ions adsorption onto OPFP

Temp.
(K)

ΔG˚
(kJ mol−1)

ΔH˚
(kJ mol−1)

ΔS˚
(kJ mol−1 K−1) R2

303 −7.358 60.51 0.218 0.992
313 −9.270
323 −13.413
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