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Cellulose can be obtained from various inexhaustible sources,
therefore is considered as one of the most sustainable polymeric
raw material in nature with attractive properties. In this study,
Hyphaene thebaica fiber was subjected to pretreatment with
sodium hydroxide solution (5% w/v) i.e. mercerization under the
influence of microwave radiation (700 W). The mercerized fiber
was evaluated for the adsorption of lead and copper ions (Pb2+
and Cu2+) ions from aqueous solutions using batch adsorption
method. The adsorption parameters such as the effects of contact
time, initial metal ion concentrations, and solution pH were
investigated. It was found that maximum adsorption was observed
at 80 minutes, 50 mg/L metal ion concentration and solution pH
6. The adsorption equilibrium data were tested using two
isotherm models (Langmuir and Freundlich). The FTIR, SEM and
XRD analyses showed significant evidence of the modification in
the structure of the fiber after alkali pretreatment. The study also
revealed that microwave-assisted pretreatment disrupts more
lignin from Hyphaene thebaica fiber with shorter pretreatment
period compared with the conventional alkali pretreatment. The
maximum adsorption capacity (qmax) were 42.37 and 41.84 for
Pb2+ and Cu2+ ions, respectively. Alkali pretreated Hyphaene
thebaica fiber could be utilized as an inexpensive biosorbent for
treatment of wastewater that contain Pb2+ and Cu2+ ions.
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1. INTRODUCTION
Continued interest in renewable resources and environmentally compatible materials has stimulated
scientists and chemical engineers in harnessing the potentials of lignocellulose materials for numerous
applications (Zhu et al., 2006). Cellulose (Figure 1) is a promising, sustainable, cheap and abundant
biopolymer in nature (Walker and Wilson, 1991).
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Agricultural byproduct such as sugar cane bagasse, rice husk, wheat straw, maize stalk, corn husk millet
husk etc. contain huge amounts of lignocellulose that could be modified for various applications (Lasheen
et al., 2012). For example, many chemical modifications such as esterification (Chand et al., 2014),
etherification (Fox et al., 2011), oxidation (Batzma et al., 2014), alkali treatment (Memon et al., 2007),
grafting polymers (Kumar et al., 2017) etc. have been explored to alter physical and chemical properties of
cellulose. The most commonly used chemical methods in the pretreatment of lignocellulose are microwaveassisted alkali pretreatment and microwave-assisted acid pretreatment (Ethaib et al., 2015).
Doum palm (Hyphaene thebaica) is a desert palm plant with edible oval fruit, originally native to the Nile
valley. It also grows very well in the northern part of Nigeria. The foliage is used to make some important
items for domestic uses such as mats, ropes, and hats (Hsu et al., 2006).
Hyphaene thebaica fiber is one of the huge sources of lignocellulose biomass waste generated in most part
northern Nigeria during early preparation of the farming season (Salisu and Sale, 2018). The practice of
farmers in the region has been burning of the biomass after uprooting from the soils. This is an unhealthy
practice leading to environmental pollution as a result of the introduction of particulate matter into the
atmosphere and emission of greenhouse gas (Harrison, 1999).
The use of low-cost adsorbents for wastewater treatment is strongly recommended at present, due to their
local availability, simple chemical modification, engineering applicability and cost effectiveness (Bailey et
al., 1999). In view of this, Hyphaene thebaica cellulosic biomass waste could be utilized as an adsorbent by
simple alkali pretreatment that reduce crystallinity and improve porosity.
Contamination of water by toxic heavy metals as a result of the discharge of untreated effluents is a global
problem, particularly more pronounced in less developed countries. Heavy metal pollution in water is
threatening to human health and aquatic organisms even at trace levels (Baroni et al., 2008). Heavy metals
such as lead, zinc, nickel, copper, arsenic and cadmium are released to the environment mainly as a result of
human activities such as mining, production of paints, dyes and electroplating industries (Xuan et al., 2006).
It is important to treat wastewater laden with these trace metals ions before discharging it into the
environment. Various methods have been reported and applied for removal of heavy metals from aqueous
solution such as chemical precipitation, ion exchange, filtration and electrochemical treatment, but most of
these methods are not practical for large scale treatments and are costly to be embraced by industries (Salisu
et al., 2016a). Adsorption technique has recently become one of the alternative methods widely suggested
due to its simplicity in operation and cost effectiveness (Sharma et al., 2013).
In the present study, Hyphaene thebaica fiber (mercerized fiber) was examined for its potential as adsorbent
for removal of Cu2+ and Pb2+ from aqueous solutions using the batch adsorption method.

Figure 1: Structure of cellulose
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2. MATERIALS AND METHODS
2.1. Material Collection and Preparation of Samples
Pb(NO3)2 and Cu(NO3)2·3H2O salts, HNO3 and NaOH were purchased from Loba Chemie (England). Stock
solutions of Pb+2 and Cu+2 ions (1000 mg/L) were prepared by dissolving 3.880 g of Cu(NO3)2·3H2O and
1.599 g of Pb(NO3)2 salts in separate beakers (250 mL) with deionized water respectively. The prepared
stock solutions were transferred to a 1 liter volumetric flask each was followed by the addition of 100 mL of
0.1M HNO3 in order to keep the metal ions in free state and finally they were made to mark. Desired
concentrations of the metal solutions were prepared by serial dilution of the stock solutions using deionized
water. Other chemical reagents were of analytical grade and used as received.

2.1.1. Samples collection and pretreatment
A fresh stalk of Hyphaene thebaica was collected from the local fields at Kayauki village, along Daura road,
Katsina State, Nigeria. The stalk (300 g) was pulverized and soaked in distilled water at room temperature
for 24 hrs. Thereafter, the fibers were removed and washed thoroughly with distilled water and dried in hot
air oven at 50 °C until constant weight was obtained.

2.2. Microwave-Assisted Mercerization of Hyphaene thebaica Fiber
In this process, the method described by Zhu et al. (2006) was adopted with little modifications. Hyphaene
thebaica fiber (200 g) was immersed into 500 mL of aqueous sodium hydroxide (5% (w/v) in 1000 mL
beaker (Bomex). The beaker was placed at the center of a rotating ceramic plate in the domestic microwave
oven (Model: WMO20L-MGSB, Skyrun, Nigeria) with an operating frequency of 2450 MHz. The reaction
vessel was exposed to microwave radiation at 700W power for 20 minutes. Periodically, the microwave
irradiation was paused and the reaction mixture cooled by placing the reaction vessel in cold water. This
treatment removes lignin, wax and oil and also increases hydrophilicity (fiber wetting). The alkali treated
fibers were washed thoroughly with distilled water up to pH 7 and dried in hot air oven at 50 °C for 1 hr and
kept in a desiccator. The images of the sample material and pretreated fiber are shown in Figure 2.

(a)

(b)

(c)

(d)

Figure 2: Images of (a) Hyphaene thebaica plant (b) Hyphaene thebaica stalk (c) raw pulverized Hyphaene
thebaica fiber (d) Mercerized Hyphaene thebaica fiber
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2.3. Characterization Techniques
Fourier Transform Infrared analysis was conducted using FTIR VERTEX 70/70v spectrophotometer
(Agilent Technologies, USA). The scanning electron microscope (SEM) micrographs of the fiber and its
surface morphology were examined using PHENOM PRO X (Netherland). Powder X-ray diffraction
patterns were recorded on ARL X’TRA X-ray Diffractometer (Thermoscientific, Switzerland) using graphite
monochromatic CuKα1 (1.5406Å) and Kα2 operated at 40 kV and 30 mA.

2.4. Batch Equilibrium Studies
The adsorption experiments were performed by the batch equilibrium method. The experiments were carried
out in 250 mL conical flasks by mixing 0.1 g of the mercerized fiber with 50 mL of each metal ion solution
of concentrations, 50, 100, 150, 200, 250, and 300 mg/L at appropriate pH at room temperature using a
shaker operating at 300 rpm. The sample solutions were taken out from the conical flask at certain time
intervals and the solid in the solutions were separated by filtration and the filtrates were analyzed by using
flame atomic absorption spectrophotometer (Shimdzu, 6800, Japan, 210) to determine the equilibrium metal
ion concentrations. All the experiments were conducted in duplicate and averages of duplicate readings were
reported. The amount of metal ions adsorbed on the fiber at equilibrium (qe) and adsorption percentage were
calculated using Equations (1) and (2) respectively.

 C − Ce
q e (mg / g ) =  o
 M


V


 C − Ce
Adsorption % =  o
 Co

(1)


 × 100


(2)

Where Co is the initial metal ions concentration (mg/L), and Ce is the equilibrium concentration of metal ions
in solution (mg/L), V is the volume of metal ions solution used (L) and M is the mass of the fiber used (g).
The equilibrium data obtained were tested using the linear forms of Langmuir and Freundlich isotherm
models, as shown in Equations (3) and (4), respectively, (Langmuir, 1918; Freundlich, 1906).

=

+

Iog q = Iog K + Iog C

(3)
(4)

3. RESULTS AND DISCUSSION
3.1. Characterization
3.1.1. Fourier transforms infrared spectroscopy
An FTIR spectrum of mercerized fiber is shown in Figure 3 which was scanned in the wave number ranged
from 600 to 4000 cm−1. The absorption peak at 3335 cm−1 is assigned to –OH group in the cellulose fiber
(Faruk et al., 2012). The bands at 899 cm−1 and 1033 cm−1 may be due to β-glucosidic linkage and C–O
stretching vibrations. The appearance of these bands successfully confirmed the isolation and delignification
of Hyphaene thebaica cellulosic fiber by an alkali. pretreatment.
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Figure 3: FTIR Spectrum of mercerized fiber

3.1.2. X-ray diffraction (XRD)
The solid state of cellulose is represented by areas of both high order (crystalline) and low order (amorphous).
Furthermore, cellulose may occur in other crystals structure (i.e. Cellulose II, III and IV), of which cellulose
II is the most stable structure that can be obtained from cellulose I by treatment of cellulose with aqueous
NaOH (mercerization) (Klemm et al., 2005). The XRD pattern of raw and mercerized fiber is shown in
Figure 4. The characteristic peaks of unmercerized fiber were observed at 20.7o and 17.1o (2θ angle) with
relative intensities of 1012 and 806 respectively. The peaks of microwave-assisted mercerized fiber were
observed at 21.2o and 18.1o (2θ angle) with relative intensities of 864.8 and 676.1 respectively. This showed
that mercerization has altered the crystalline order towards low order structure resulted in the decrease in the
peak intensity of mercerized fiber. Furthermore, the fiber showed broadening of the peak after mercerization
due to disruption of the crystallinity of the fiber toward low order amorphous phase.

Figure 4: X-ray diffractogram of (a) unmercerized fiber and (b) mercerized fiber
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3.1.3. Scanning Electron Microscopy (SEM)
The morphological changes that were caused by mercerization were compared with unmercerized Hyphaene
thebaica fiber at the same magnification (1000 ×) for suitable comparisons. The SEM image in Figure 5a
showed the surface structure of unmercerized fiber. It is clear that some rough structure was observed, which
could be attributed to non-cellulosic components such as lignin, pectin, lipids, and waxes. Figure 5b showed
the surface morphology of the fiber pretreated with 20% aqueous NaOH at room temperature for 24 hours.
It can be seen that the surface was smooth and intact without any disruption of micro fibrils of the cell walls.
Figure 5c showed the image of the microwave-assisted mercerized fiber. It is evident from the image that
some porous structure occurred as a result of removal of lignin and other noncellulosic components in the
fiber during pretreatment. Similar results were reported by Diaz et al. (2015) and Agu et al. (2015). From
these observations, it can be concluded that microwave-assisted mercerization is more sophisticated as it can
cause the disruption of the physical structure of cellulosic fiber by breaking the lignin barriers, disrupting
the crystallinity and also removed non-cellulosic component in order to increase the cellulose accessibility
(El-Seoud et al., 2008).

Figure 5: SEM Images of Hyphaene thebaica Fiber

3.2. Adsorption Studies
3.2.1. Effect of pH of solution
The pH of solution greatly affects the adsorption of metal ions in aqueous solutions. It affects the functional
groups on the surface of the adsorbent as well as the solubility of the metal ions in solution. The plot of
adsorption percentage as a function of solution pH of Pb2+ and Cu2+ is shown in Figure 6. The maximum
percentage adsorption was observed at pH of 6 with values of 88% for Pb2+ and 81% for Cu2+ respectively.
However, at low pH, the percentage adsorption was not significant. This could be due to increase in positive
charges on the adsorbent surface which will lead to repulsion between adsorbent surface and metal ions,
resulting in increase in competition between H+ and metal ions for the available adsorption sites (Liu et al.
2009).
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Figure 6: Effect of pH on the adsorption of Pb2+ and Cu2+ by mercerized fiber

3.2.2. Effect of initial metal ion concentration and contact time
The influence of initial metal ion concentration affecting the overall adsorption process was determined.
Various batch adsorption experiments were carried out for different concentration in the range of 50 to 300
mg/L, keeping other parameters constant. The results are presented in Figure 7. The amount of metal ions
adsorbed per unit mass of the adsorbent relatively decreased with increase in metal ion concentration. At
lower concentration of metal ions, there was highest adsorption, and this could be due to more availability
of the adsorptive sites and less competition of the metal ions (Chen et al. 2008). The effect of time was
studied using 0.1 g of the adsorbent at a fixed concentration of the metal ions (200 mg/L) in different conical
flasks. Figure 8 showed the effect of contact time on the adsorption of Pb2+ and Cu2+ by the adsorbent. It
was observed that slower adsorption rate occurred at the beginning, but gradually increased until equilibrium
points were attained in 80 minutes for both the metal ions. The percentage adsorption was 98% for Pb2+ and
96% for Cu2+ ions.

Figure 7: Effect of initial metal ion concentration on adsorption of Pb2+ and Cu2+ by mercerized fiber
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Figure 8: Effect of contact time on the adsorption of Pb2+ and Cu2+ by mercerized fiber

3.2.3. Adsorption isotherm
The batch experimental adsorption data were simulated with Langmuir and Freundlich isotherm equations
to determine the possible adsorption mechanism. In this study, the correlation coefficients were used to
determine good linearity of the adsorption processes as illustrated in Figures 9 and 10 for Pb2+ and Cu2+
respectively. The calculated parameters for the two popular isotherm models are summarized in Table 1. The
Langmuir isotherm equation showed the highest correlation coefficients for both metal ions, thus, described
a better fitting of the model than Freundlich isotherm. In addition, the values of adsorption intensity (n) for
Freundlich isotherm (>10) for both ions indicated unfavorable adsorption (Liu et al., 2009). The Langmuir
isotherm model has been reported most suitable or fitted biopolymer-based adsorbents (Crini, 2005). This
implicates that the adsorption is monolayer and all sites are equivalent and the interaction between adsorbed
ions adsorbent is merely physisorption (strong intermolecular attraction). As shown in Table 1, the maximum
monolayer adsorption capacity (qmax) was found as 42.37 mg/g and 41.84 mg/g for Pb2+ and Cu2+
respectively. Furthermore, separation factors (RL), a dimensionless constant, were found to be less than unity
for both ions indicating adsorption was favorable. The value was described as follows: unfavorable (RL> 1),
linear (RL = 1), favorable (0< RL< 1) or irreversible (RL= 0) (Salisu et al., 2016b).
Table 1: Isotherms constants and Correlation coefficients for adsorption of Pb2+ and Cu2+
Metal ion
Langmuir model
Freundlich model
qmax
QL
K
F
RL
R2
n
R2
(mg/g)
(L/mg)
(mg/g)
Pb2+

42.37

0.005

0.421

0.998

22.45

17.10

0.835

Cu2+

41.84

0.002

0.621

0.996

19.13

22.30

0.844

259
A. Salisu and M.S. Saleh / Nigerian Research Journal of Engineering and Environmental Sciences
4(1) 2019 pp. 251-261

Figure 9: Langmuir isotherm for adsorption of Pb+2 onto mercerized Hyphaene thebaica fiber

Figure 10: Langmuir isotherm for adsorption of Cu+2 onto mercerized Hyphaene thebaica fiber

4. CONCLUSIONS
The following conclusions can be drawn from this study:
1. Microwave-assisted alkali pretreatment of Hyphaene thebaica fiber was capable to breakdown the
lignocellulosic matrix, thus releasing lignin (binding agent) resulting in easy accessibility of the
active sites.
2. The amount of metal ions adsorbed was optimum at solution pH of 6 for both metal ions.
3. The Langmuir isotherm model showed the best fitting of experimental adsorption data, thus the
signifying monolayer surface coverage.
4. The maximum adsorption capacity of Pb2+ and Cu2+ ions were 42.37 and 41.84 mg/g, respectively.
5. This study has also revealed the possibility of using Hyphaene thebaica as an inexpensive material
for sequestration of Pb2+ and Cu2+ from aqueous solution.
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