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Abstract: The coconut fiber is produced in large quantities in Brazil, even though very small quantities are being used by some
industries, mainly cordage mats and handicrafts. An alternative usage would be the use of these fibers in biosorption of heavy metals
from aqueous solutions. This present study aimed to evaluate the potentiality of cadmium biosorption by coconut fiber. The coconut
fibers were used at kinetic analysis, influence of pH and adsorption isotherms were also carried out. It can be concluded that there is
great potential for the use of coconut fiber, and the optimum pH for adsorption was around 5.0. The adsorption kinetics is fast and
equilibrium occurs within 120 min. The Langmuir isotherm was considered the most suitable to describe the experimental data.
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1. Introduction Thus, these metals can be absorbed by living
organisms and, once they enter the food chain, large
concentrations can accumulate in the human body
[3-7]. Amongst heavy metals, cadmium is of
particular concern due to its serious health and
environmental impact [8].

The treatment of industrial effluents containing
heavy metals, often involves processes for reduction
of toxicity to meet the standards procedures, based
on technologies, such as adsorption on new
adsorbents, membrane filtration, electrodialysis and
photocatalysis. The coconut fiber seems to be a
viable alternative for cadmium removal from
aqueous solutions, because it has great availability in
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The presence of industrial effluents is undesirable
by the urban and rural population since such residues
contain dangerous chemical compounds [1].

Processes for surface treatment of metal and
electroplating generate significant quantities of
effluents containing heavy metals (e.g., cadmium,
zinc, lead, chromium, nickel, copper, vanadium,
platinum, silver and titanium) for a variety of
applications. Nowadays, large amounts of industrial
wastewater containing these heavy metals are
released to the aquatic environment as rivers, seas,
urban and rural environment [2, 3].
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and is introduced by the Portuguese in Brazil,
reaching a height of 20 m. The fruit known as coconut
has three basic structures: the endocarp (inner region
with water chestnut), mesocarp (region with coconut
fiber) and epicarp (outer region) [1-3, 8].

The edible coconut “flesh” and water are used as
sources of food and production of oil in many
applications. The fiber can be used in industries such
as cordage industries or crafts. However, a
considerable percentage of these fibers are discarded,
thus generating large amounts of waste in coastal
regions [1-3, 8, 9].

The coconut fiber is rich in lignin (35%-45%) and
cellulose (23%-43%), characteristics providing greater
application potential in the treatment of aqueous
solutions for the removal of heavy metals. In the basic
composition of coconut fiber, it is possible to observe
the presence of N, P, K, Ca, Mg, Fe, Cu, Zn, Mn and Al
[1-3, 8, 9].

This present study aimed to determine the ability of
coconut fiber on the removal of Cd(ll) from aqueous
solutions.

2. Materials and Methods
2.1 Coconut Fibers

The coconut fiber was washed with deionized water,
dried and crushed (40 mesh).

2.2 Biosorption Experiments

The experiments on the biosorption of Cd(Il) were
carried out in three stages:

(1) Kinetic analysis was performed with 0.04 L of
cadmium solution (90 mg/L) and 0.1 g of crushed
coconut fiber. The pH was adjusted to 5.0 with NaOH
or H,SOy4, and was stirred at 150 rpm by 24 h.

(2) Analysis of the influence of pH was studied
with a similar system as above. The pH was adjusted
to 2.0, 5.0 and 8.0 with NaOH or H,SO,4, and was
stirred at 150 rpm by 24 h.

(3) Similarly, the analysis of the equilibrium
adsorption was otherwise studied for an initial

concentration range of Cd(I1) solution of 10-140 mg/L.
Eg. (1) was used for the determination of the
amount of metal (mg) adsorbed per gram of
biosorbent [8, 10-14].
_Co-Ce
M
where ¢, is metal concentration in the biosorbent
(mg/g), Co and C, are initial and final concentrations
of the metal in solution (mg/L), respectively, and M is
the mass of the biosorbent (g). To determine the
percentage rate of removal of cadmium, R, (%), from
solution, Eq. (2) was employed [8, 10-14]:
Co=Ce 100% @)

0

ge V @)

Re% =

2.3 Characterization of the Adsorbent Mass

To characterize the coconut fiber, X-ray diffraction
(XRD) Rigaku, Model Miniflex 1l was used. The
operating conditions were 30 kV and 15 mA, the anode
was a copper Ka = 0.1542 nm and Ni filter. Analysis
occurred in the range between 5° and 80° (26) and the
step was 0.02°. The phases were analyzed using the
software X software-Philips High Score.

The chemical nature of coconut fiber was also
analyzed by Fourier transform infrared spectroscopy
(FTIR) using the attenuated total reflectance (ATR)
mode directly on the powder (NEXUS-470-FTIR, 04
resolution, 32 scans).

The morphology and structure of coconut fiber was
examined by scanning electron microscopy (SEM)
with accelerating voltage of 20-30 kV and
magnifications of 75x and 30.000x. Energy dispersive
X-ray (EDS) analysis was performed with the
equipment TM3000 (15 kV).

3. Results and Discussion
3.1 Characterization of Coconut Fiber

3.1.1 XRD Analysis

The diffractogram of coconut fiber is shown in Fig. 1.
The following peaks were observed: 14.91°, 22.22° and
37.77°.
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Fig. 1 X-ray diffractogram of coconut fiber.

Through these diffraction peaks, it could be
determined that higher peak intensity (22.22°)
represents the diffraction of the crystallographic
structure of cellulose [1, 9, 15, 16]. Relative to the
structure of coconut fiber, this peak as well as the
other peaks (14.91° and 33.77°) represent the peaks of
Mg.Si, C, SiO,, Al,O3; and MgO, characteristic of the
composition of hemicelluloses, cellulose and lignin
that stand out in coconut fiber due to its high
percentage composition [15, 16].

3.1.2 FTIR Analysis

The FTIR spectrum of coconut fiber (Fig. 2) shows
the characteristic peaks of cellulose structure. The
large, broad peak in the range of 3,329 cm®
corresponds to the vibration of hydroxyl groups (OH).
The amine groups (NH) corresponds to the intense
peak at 1,024 cm™, while the peak 2,928 cm™ refers to
the CH, group. The other peaks and headings
correspond to the following peaks: 1,606 (COO-),
1,245 (CO) per cm[17, 18].

3.1.3 Characterization by SEM/EDS

In the SEM analysis of the coconut fiber (Fig. 3), it
is possible to observe the presence of oil, wax and
lignin on the untreated fiber [9].

According to Carvalho et al. [9], the difference for a
surface treated fiber would be the observation of
contiguous globular protrusions called tyloses, which
are concealed by the material surface waxes, oils and
extracts lignin.
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Fig. 2 FTIR analysis of coconut fiber.
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Fig. 3 Micrographs of coconut fiber surface (untreated).

Similar to that observed in this study, demonstrates
much of the surface masked by natural fiber materials
(waxes, extracts and lignin).

In the analysis performed by EDS area mapping, it
was possible to verify the coconut fiber for occurrence
of bands representing the chemicals naturally present
incoir (Cl, K and Al) as well as the representation of
its organic composition (cellulose and lignin) through
the presence of C and O (Fig. 4).

This characterization is similar to that carried out by
Sarki et al. [15], indicating that the elements CI, K and
Al may influence the adsorption of heavy metals in
the ion exchange process.

3.2 Analysis of Adsorption

3.2.1 Kinetic Analysis
Kinetic studies indicated that the adsorption process
of Cd(ll) on the coconut fiber is fast, reaching
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equilibrium in less than 120 min (Fig. 5).

Different masses of adsorbents showed similar
results regarding the rapid equilibrium in the Kinetic
system of the Cd adsorption. Kumar et al. [14] found
the maximum removal was less than 90 min on the
removal of cadmium by rice husk. Similar result was
observed by Semerjian [10] where they used sawdust
in the removal of cadmium and the equilibrium was
reached closer to 20 min.

3.2.2 Influence of pH

The effect of pH on the adsorption of Cd(ll) is
shown in Fig. 6. The pH of the aqueous solution is an
important operating parameter in the adsorption
process as it affects the solubility of metal ions, the
concentration of the counterions to the functional
groups of the adsorbent and the degree of ionization of
the adsorbate during the reaction [8, 11, 13].

Based on the results, it was possible to determine
that, at low pH there is low uptake of Cd(Il) but the
adsorption capacity increases with pH, reaching a
plateau in the range of 5.0-8.0. The results were
justified because, at low pH, the active sites of the
adsorbent mass are closely associated with the
hydronium ions (H;O") and the repulsion of cations of
cadmium is significant.

Besides, at low pH the dissociation of carbonyl
groups and hydroxide are affected by reducing the
sorption capacity of the biomass [8, 11, 13, 19]. When
pH was higher than 8.0, the Cd(Il) begins to
precipitate in the form of Cd(OH),. Thus, in most of
the experiments the use of pH 5.0 is justified. Pino et
al. [8] observed similar results with a percentage
increase in adsorption capacity.

However, other studies involving cadmium
adsorption show that above pH 7.0 the metal
adsorption capacity starts declining. Kumar et al. [14]
observed that at pH 5.0, the metal adsorption was
above 80% using seeds of Strychnos potatorum.
Gupta and Rastogi [12] used seaweed (Oedogonium
sp.) with the same pH range and considered ideal.
On the other hand, Perez-Marin et al. [13] showed that

| Spectrum 1

50

Full Scale 145 cts Cursor: 0.081 (538 cts) keV/|
(b)
Fig. 4 Analysis of SEM/EDS—fresh coconut fiber.
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Fig. 5 Effect of contact time on the removal efficiency (R.)
of Cd(I1) by the adsorbent.
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Fig. 6 Effect of pH on the R, of Cd(ll) by the adsorbent.
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deprotonation of the carboxylic groups occur in the
pH range of 5.0-6.0, thus generating negative
charges, which favors better metal adsorption.
Azouaoua et al. [19] observed a reduction in the
adsorption of Cd(ll) by a material derived from
coffee above pH 7.0, suggesting that this might be
due to the lower polarity of the metal in this range
of pH.

3.2.3 Analysis of the Adsorption Equilibrium

Fig. 7 illustrates the amount of Cd(ll) adsorbed ¢.
on the basis of the equilibrium concentration (C,) by
varying the initial concentration of the metal (10-140
mg/L). This is because the initial concentration of
cadmium provides the driving force required to
overcome the resistance of the metal mass transfer
between the liquid and the solid phase. Moreover, the
increase in the concentration favors greater
interaction between the metal ion in solution and the
active sites of coconut fiber [14].

However, in terms of percentage removal (Fig.
7), there is a decrease from 98% for an initial
concentration of 10 mg/L to 55.9% at a
concentration of 140 mg/L.

Similar values have been reported in the
literature. Kumar et al. [14] observed a decrease of
98.9% to 68.6%, whit concentrations ranging from
20-100 mg/L, of adsorption of cadmium by rice
husk. Semerjian [10] used wood sawdust, in which
a decrease was observed between 100% and 85%
with initial concentrations between 1 mg/L and 50
mg/L.

3.2.4 Adsorption Isotherm

The study of isotherms helps in describing the
adsorption mechanisms of Cd, where these are
characterized by specific constants which express the
surface properties of affinity of coconut fiber by metal
ion in solution [8, 10-14]. Both Langmuir and
Freundlich models were adopted in the present study,
both plotted in Fig. 8.

(1) Langmuir isotherm

The Langmuir equation has been used in several

studies to describe the phenomena of adsorption

isotherm with the Eq. (3) [8, 10-14]:

= q— (3)
1+ KCe

where, g, is the metal quantity adsorbed at equilibrium

de

(mg/g), g.. is the maximum binding capacity (mg/g),
C, is the equilibrium concentration of the metal in
solution (mg/L), and K is an apparent equilibrium
constant (L/mg).

The Langmuir isotherm constant was plotted in a
non-linear curve according to Eq. (3). The Langmuir
constant, ¢,, which is a measure of the monolayer
adsorption capacity of coconut fiber was calculated as
31.12 mg/g, and the constant K was equal to 0.621
L/mg. Indeed, Fig. 8 shows good agreement between
experimental values and the fitting of the isotherm
model (R? = 0.988), confirming the monolayer

100

oo _
“*.\\\
~<e.
N
90 4 ~
N
.
\
\
80 1 AN
S AN
o® e
70 4 \
\
N
\
.
~N
60 4 ~
~N
N
.
50 T T T T T T T
0 20 40 60 80 100 120 140
C, (mg/L)

Fig. 7 Effect of initial ion concentration on the R, of Cd(l1)
by the adsorbents.
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Fig. 8 Langmuir and Freundlich isotherm models for Cd
adsorption by coconut fiber.
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adsorption of Cd by coconut fiber.

Based on the result obtained from this analysis, a
study was conducted to determine whether the process
of Cd(Il) adsorption is favorable or not, through the
equilibrium constant K, which is used to calculate the
R factor [8, 10-14]:

= ; (4)
1+KCo

If the value of R is greater than 1, it indicates that
the isotherm is unfavorable, while values between 0
and 1 are indicative of favorable isotherm. The values
calculated for the adsorption of Cd(ll) were in the
range of 0.244-0.0114, when Cy varied from 10 to 140
mg/L. Thus, the process of adsorption is favorable.

(2) Freundlich isotherm

The Freundlich model, Eq. (5), was used in this
analysis [8, 10-14]:

qe :Kf Cen (5)

where, g. is the amount of cadmium adsorbed (mg/g),
C, the equilibrium concentration of Cd(ll) in solution
(mg/L), K, (mg/g) the measurement of the adsorption

capacity and # is the intensity of the adsorption.

The Freundlich equilibrium constants were also
determined from the non-linear fitting to ¢, versus C,,
represented in Fig. 8, based on Eq. (5). The values of
Kyand n obtained were 12.26 and 0.246, respectively.
The correlation coefficient between the experimental
values and the adsorption isotherm was considered
low (R® = 0.913). Therefore, the experimental
behavior is best explained by the Langmuir isotherm.

The adsorption capacity of Cd(Il) by fresh coconut
fiber was compared to other adsorbents described in
the literature in Table 1. Monolayer adsorption of Cd
by the coconut fiber is predominant in most of the
cases. In this study, the maximum adsorption capacity,
gm under the experimental conditions tested was
superior than in most published studies.

(3) SEM/EDS analysis of mass biosorbent

Based on the results from electron microscope
analysis, EDS analysis was extended to determine the
presence of cadmium on the fiber surface exposed to
metal solution. The results are shown in Fig. 9, where
the presence of Cd on the fiber surface is confirmed.

Table 1 Isotherm constants for different adsorbents, for Langmuir and Freundlich models.
Langmuir isotherm Freundlich isotherm Reference
Adsorbent > >
g, (Mglg)  K(Umg) R n K R
Coconut fiber 31.12 0.621 0.99 0.246 12.26 0.913 This study
Sawdust 7.35 0.782 0.94 4.194 2.213 0.960 Ref. [10]
Coffee grounds 12.19 0.055 0.98 0.370 1.692 0.919 Ref. [19]
Terminalia catappa  35.84 0.03 0.99 2.79 4.33 0.98 Ref. [20]
Chestnut 4.07 0.278 0.95 2.70 1.077 0.993 Ref. [21]
Bamboo charcoal 12.08 0.485 0.99 4.6 5.32 0.989 Ref. [22]
Wood 175.4 0.320 0.99 2.053 3.410 0.968 Ref. [23]
27
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Fig. 9 Analysis by (a) SEM and (b) EDS of coconut fiber surface after adsorption tests.
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4. Conclusions

The experimental results obtained in this study
indicated that the coconut fiber has good performance
as biosorbent in the removal of Cd(Il) from aqueous
solutions.

The tests revealed that as the pH increases from 2 to
5, the adsorption of Cd(ll) increases from 27% to 81%,
for an aqueous solution containing 90 mg/L of Cd.
The adsorption kinetics is fast and the equilibrium can
be achieved within 120 min.

On the study about the influence of the initial
concentration of Cd(ll), it was observed that there is
an increase in the sorbate uptake and a reduction in the
percentage adsorption, when the initial concentration
is increased. In addition, it was observed that
Langmuir adsorption isotherm was able to describe
the equilibrium data. The maximum adsorption
capacity of Cd on the coconut fiber is 31.12 mg/g.

The occurrence of Cd(Il) adsorption on the fiber
surface was confirmed by SEM/EDS analysis.

In summary, based on the experimental data, it was
determined that the coconut fiber reveals high
efficiency in the removal of cadmium from aqueous
solutions, with the advantage of having high
availability and low cost.

Acknowledgments

The authors are grateful to Coordenacdo de
Aperfeicoamento de Pessoal de Nivel Superior
(CAPES), Laboratory of Molecular Biology and
Endemic Diseases-Laboratory of Cellular Ultra
Structure (FIOCRUZ-10C), Center for Studies of
Petroleum and Natural Gas (NEPGN), Laboratory of
Scanning Electron Microscopy—Department  of
Materials Engineering (DMAT-UFRN), Laboratory of
Magnetic Nano Structures and Semiconductor
(LNMS), Colloids and Membranes
Laboratory/Institute of Chemistry—FTIR analysis and
NUPEG IlI—Chemical Engineering for financial and
technical support.

References

[1] M.A.H. Hossain, M.A. Nasly, M.A. Sobohan, Effect of
industrial pollution on the spatial variation of surface
water quality, American Journal of Environmental
Sciences 9 (2013) 120-129.

[2] R.Q. Monteiro, M.R. Boniolo, M. Yamaura, Use of
coconut fiber in the biosorption of lead in wastewater (in
Brazilian) [Online], 2008,
http://www.ambiente-augm.ufscar.br/uploads/A2-060.pdf
(accessed Sep. 12, 2013).

[3] VJ.P. Vilar, C.M.S. Botelho, R.A.R. Boaventura,
Coconut-based biosorbents for water treatment—A
review of the recent literature, Advances in Colloid and
Interface Science 160 (2010) 1-15.

[4] Resolution, No. 430, Environmental Ministery, Brazil,
2011.

[5] S. Palagyi, T. Braun, Separation and preconcentration of
trace elements and inorganic species on solid
polyurethane foam sorbents, Analyst 117 (1992) 1537.

[6] P.E.T. Salgado, Heavy metal toxicology, in: Fundaments
of Toxicology, USP, Séo Paulo, 1996, pp. 154-172.

[71 1.A. Okada, Evaluation of the levels of lead and cadmium
in milk as a result of environmental contamination in the
region of Vale do Paraiba (in Brazilian), Sudeste do Brasil
Rev. Salde Publica 31 (1997) 2.

[8] G.H. Pino, L.M.S. Mesquita, M.L. Torem, G.A.S. Pinto,
Biosorption of cadmium by green coconut shell powder,
Minerals Engineering 19 (2006) 380-387.

[9] K.C.C. Carvalho, D.R. Mulinari, H.J.C. \oorwald,
M.O.H. Cioffi, Chemical modification effect on the
mechanical properties of hips/coconut fiber composites,
Bioresources 5 (2) (2010) 1143-1155.

[10] L. Semerjian, Equilibrium and Kkinetics of cadmium
adsorption from aqueous solutions using untreated Pinus
halepensis sawdust, Journal of Hazardous Materials 173
(2010) 236-242.

[11] A.A. Giwa, I.A. Bello, Removal of heavy metal from
industrial wastewater using modified activated coconut
shell carbon, Biochemical Engineering Journal 36 (2007)
174-181.

[12] K. Gupta, A. Rastogi, Equilibrium and kinetic modelling
of Cd(Il) biosorption by nonliving algal biomass
Oedogonium sp. from aqueous phase, Journal of
Hazardous Materials 153 (2008) 759-766.

[13] A.B. Peerez-Marin, V.M. Zapta, J.F. Ortufio, M. Aguilar, J.
Saez, Removal of cadmium from aqueous solutions by
adsorption onto orange waste, Journal of Hazardous
Materials B 139 (2007) 122-131.

[14] P.S. Kumar, R. Gayathri, C. Senthamarai, Kinetics,
mechanism, isotherm and thermodynamic analysis of
adsorption of cadmium ions by surface-modified



298

[15]

[16]

[17]

[18]

[19]

Determination of the Biosorption of Cd(II') by Coconut Fiber

Strychnos potatorum seeds, Korean J. Chem. Eng. 29 (12)
(2012) 1752-1760.

J. Sarkia, S.B. Hassana, V.S. Aigbodiona, J.E.
Oghenvweta, Potential of using coconut shell particle
fillers in eco-composite materials, Journal of Alloys and
Compounds 509 (2011) 2381-2385.

P.B. Madakson, D.S. Yawas, A. Apasi, Characterization
of coconut shell ash for potential utilization in metal
matrix ~ composites for automotive applications,
International Journal of Engineering Science and
Technology 4 (3) (2012) 1190-1198.

N. Ezekiella, B. Ndazia, C. Nyahumwaa, S. Karlsson,
Effect of temperature and durations of heating on coir
fibers, Industrial Crops and Products 33 (3) (2011)
638-643.

V.0.S. Neto, A.G. Oliveira, R.N.P. Teixeira, M.A.A. Silva,
P.T.C. Freire, Use coconut bagasse as alternative
adsorbent, for separation of copper (I1) ions from aqueous
solution: Isotherms, kinetics and thermodynamic studies,
Bioresources 6 (3) (2011) 1504-1524.

N. Azouaoua, Z. Sadaouia, A. Djaafrib, H. Mokaddem,

[20]

[21]

[22]

[23]

Adsorption of cadmium from aqueous solution onto
untreated coffee grounds: Equilibrium, Kinetics and
thermodynamics, Journal of Hazardous Materials 184
(2010) 126-134.

K.S. Rao, S. Anand, P. Venkateswarlu, Equilibrium and
kinetic studies for Cd(ll) adsorption from aqueous
solution on Terminalia catappa linn leaf powder
biosorbent, Indian Journal of Chemical Technology (1JCT)
17 (5) (2010) 329-336.

G. Vazquez, M.S. Freire, J. Gonzalez-Alvarez, G.
Antorrena, Equilibrium and kinetic modelling of the
adsorption of Cd?" ions onto chestnut shell, Desalination
249 (2) (2009) 855-860.

F.Y. Wang, H. Wang, J.W. Ma, Adsorption of cadmium(Il)
ions from aqueous solution by a new low-cost
adsorbent—Bamboo charcoal, Journal of Hazardous
Materials 177 (1-3) (2010) 300-306.

M. Rafatullah, O. Sulaiman, R. Hashim, A. Ahmad,
Removal of Cd(ll) from aqueous solutions by adsorption
using meranti wood, Wood Sci. Technol. 46 (2012)
221-241.



