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Calotropis procera, the stem was dried after which the lignin content was
removed. Incorporation of sodium tripolyphosphate (STTP) on the
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cellulose matrix, showed an increase in thickness and size of the cellulose
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transform infrared spectroscopy (FTIR), and is attributed to P=O
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stretching of the modified cellulose. Scanning electron microscopy (SEM)
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and X-ray diffraction analysis (XRD) analyses were used to characterize
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the modified cellulose. The results of adsorption for the following heavy
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metals were found to be 71.43 mg/g, 41.84 mg/g for Pb 2+, Cu2+

01 to 11
IRJC
is
an
international
open
access
print
&
online journal, peer
reviewed, worldwide
abstract
listed,
published quarterly
with ISSN, Freemembership,
downloads and access.

http://irjc.petsd.org

respectively. The adsorption equilibriums data satisfactorily fitted
Langmuir isotherm equation better than Freundlich isotherm. The study
indicates that the modified cellulose could be used as adsorbent for the
removal of Pb2+ and Cu2+ ions from aqueous solution.

KEYWORDS: Cellulose; Cross linking; Heavy metal, microfibrils; Sodium
tripolypohosphate; X-ray diffraction.
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INTRODUCTION:
Water is one of the essential items needed for living beings for the survival and growth. It also
maintains an ecological balance between various groups of organisms and their environment.
The quality of water is of initial concern for mankind since it is directly linked with human
welfare [1].
Domestic wastewaters usually contain pathogens, suspended solids, nutrients and other organic
materials [2]. The wastewater produced from different kinds of industries normally contains very
fine suspended solids, dissolved solids, inorganic and organic particles, metals and other
impurities [3].
Cellulose is the most abundant polymer on Earth, composed of glucose units, it is biodegradable
and resistance to hydrolysis and hence can be regarded as a very important raw material for
several purposes. Recently, cellulose has been in the public eye due to its possible use in the
production of biofuels and other numerous applications [4]. Moreover, it can be chemically
modified to yield cellulose derivatives. The derivatives are widely used in various industrial
sectors in addition to being used as a source for commodity goods. Cellulose based materials are
in the focus of numerous studies due to an increasing demand for environmental-friendly and
biocompatible products in various applications. Efficient utilization of cellulose as a material
source has been challenging, especially in chemical industry, it is hardly ever used as a chemical
raw material because of its poor solubility resulting mainly from the highly extended hydrogen
bonding of its anhydroglucose repeat units [5].
Various natural fibers such as cotton and higher plants have cellulose as their main constituent
[6]. Cellulose is the main building material out of which plants are made, and plants are the
primary or first link in what is known as the food chain (which describes the feeding
relationships of all living things). Cellulose is the most abundant naturally occurring biopolymer
[7]. Various natural fibers such as cotton and higher plants have cellulose as their main
constituent [6]. It consists of long chains of anhydro-D-glucopyranose units (AGU) with each
cellulose molecule having three hydroxyl groups per AGU, with the exception of the terminal
ends.
Cellulose is insoluble in water and most common solvents; the poor solubility is attributed
primarily to the strong intramolecular and intermolecular hydrogen bonding between the
individual chains [8].
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Ionic charges of cellulose could facilitate the isolation of nano fibrillated cellulose [16,6]. The
cellulose fibrils are aligned in diverse angles within the cell wall, but after isolation they form
entangled network structures due to strong hydrogen bonding between hydroxyl groups.
Liimatainen et al., (2011) have reported to have produced cellulose-based polyelectrolytes from
birch wood pulp by oxidation with sodium periodate, and then cationized the substrate with
Girard’s reagent. They were able to incorporate more than one cationic group per monomer, thus
obtaining a very high degree of substitution (and consequently high charge density).
The potentials of Calotropis procera leaves in purification of water and its ability to drastically
reduced total viable count of microorganism and its performance in coagulation and sludge
conditioning capabilities have been reported to be similar to aluminum sulphate (alum) [9].
Cellulose can be chemically modified to yield derivatives which are used widely in different
industrial sectors in addition to conventional applications. As an example, in 2003, 3.2 million
tons of cellulose was used as a raw material in the production of regenerated fibers and films in
addition to cellulose derivatives [10].
Native cellulose has a relatively low reactivity towards adsorption or flocculation in water
treatment [11], thus, the introduction of new functional groups on the surface of cellulose can
increase its surface polarity and hydrophilicity, which can, in turn, enhance the adsorption of
polar adsorbents and the selectivity of the cellulose for the target pollutant. However, the
chemical modification of this natural polymer is slightly difficult because of the low reactivity.
This is influenced also by the large number of hydrogen bonds which decrease the potential
solubility in most common solvents.
Chemical modification of cellulose is performed to improve process ability and to produce
cellulose derivatives (cellulosics) which can be tailored for specific industrial applications.
Cellulosics are in general strong, reproducible, recyclable and biocompatible, used in various
biomedical applications such as blood purification membranes and the like [12].
Cellulose derivatives are designed and fine-tuned to obtain certain desired properties. This is
done by altering the inherent hydrogen bond network and by introducing different substituents.
These substituents either prevented the spontaneous formation of hydrogen bonding completely
or created new interactions between the cellulose chains.

MATERIAL AND METHOD:
Acetic acid, nitric acid, hydrogen peroxide, sodium hydroxide and Sodium tripolyphosphate
(STTP) (Sigma Aldrich) were used as received. Cellulose was extracted from the stem of
Calotropis procera.
http://irjc.petsd.org
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Samples Collection and Pre-treatment
The samples from Calotropis Procera were collected from Umaru Musa Yar Adua University,
Katsina State, Nigeria, and identified by biology department. The sample were sun dried for 8-10
days. The leaves and small branches were separated from the stems. The stems were washed
with water 4-5 times. Cleaned stems were put into an open water tank at ambient temperature
for 8 days. Retting was done to loosen the bandage of fibers with stems which were expected to
affect the quantity of fibers and its extraction rate. The retted stems were cleaned with water and
dried thoroughly.
Extraction of cellulose
The extraction procedure reported by [13] was used with little modification, the extraction
procedure was carried out with initial 5.0 g of dried stems of Calotropis procera, using 2% sodium
hydroxide solution and 10% H2O2 solution and heated at 100 C for one hour to remove the lignin
content. The extracted cellulose was washed with distilled water, centrifuged at 1000 rpm for 10
minutes and dried in an oven for 1 Hr.
Phosphorylation of cellulose
Conventional phosphorylation of starch was achieved according to the method proposed by [14]
with little modiﬁcations. About 2.86 g of sodium tripolyphosphate (STTP) was weighed and 167
mL of distilled water added to cellulose with constant stirring. The mixture was centrifuged for
10 min at 6000 rpm in a centrifuge. The modified cellulose was dried in an oven at 40– 45 C for
20 minutes.
FTIR
The IR absorption spectra of the sample was scanned from 4000 cm‐1 to 600 cm‐1 to obtain the
functional groups of the cellulose and the modified sample.
Scanning electron microscopy
Samples extracted Substrates were directly “flat-mounted” on aluminum SEM stubs, using a twosided adhesive film to adhere the filter to the stub, and covered by a thin gold coating [9].
Changes in morphological surface of cellulose and the modified cellulose were observed.
X-ray diffraction
Morphological changes in the crystalline structure of cellulose were analyzed using a Highresolution X-ray diffractometer (XRD). The crystallinity of cellulose was determined from X-ray
diffraction curves based on the [15].
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RESULTS AND DISCUSSION:
SEM Analysis
Scanning electron microscope of unmodified and modified cellulose were shown in Figs1a, 1b
and 1c respectively.
The Surface morphology of the samples are studied using SEM analysis. Fig. 1 (a) shows the
microfibrillar structure of cellulose network consisting of several micrometers. However, with
incorporation of STTP on the cellulose matrix, there is an observed increase in thickness and size
of the cellulose microfibrils. This can be attributed to the agglomeration of STTP molecules onto
the structural backbone of the cellulose molecules. Hence, Fig. 1 (c) shows thicker and larger
microfibrils than Fig 1 (b), while Fig. 1 (b) shows a larger microfibrils than 1 (a). Therefore, the
more STTP within the cellulose structure the more the surface thickness of the microfibrils. These
changes are due to more agglomeration of the particles over the surface of the cellulose
backbone. Moreover, it arises from the crosslinking reactions that have taken place and, as a
result, the molecular orientation of the polymer was changed. Similar observations were reported
by [16].
The changes observed in the morphological images conﬁrms that structural changes have
occurred due to the intermolecular bridging reactions of the cross-linking agent with sodium
tripoly polyphosphate molecules.
X-ray diffraction analysis
Figure 2 (a-c) show the X-ray diffraction of unmodified and modified cellulose respectively. The
XRD diffraction curves of unmodified and modified cellulose were measured by using X-ray
diffractometer.
The crystalline peaks in Figs. 3 (b) and (c) at 15⸰ and 16.7⸰ have disappeared respectively, into a
single broad peak, while the sharp crystalline peak at 23.1 ⸰ in Fig. 2 (d) has now decreased in
intensity. This is as a result of more modifying agent been incorporated onto the cellulose matrix,
resulting in greater expansion of amorphous region over the crystalline region in the cellulose
structure.
Summarily, this trend can be attributed to the fact that chemical reactions or modification of
polysaccharide such as starch or cellulose takes place within the amorphous region. Hence, the
more the degree of modification the more the expansion of the amorphous region [16].
FTIR analysis
The FTIR spectral show the vibrational frequencies of both unmodified and modified cellulose in
the frequency range of 650 – 4000 cm-1 as shown in Figure 3 (a) and (b) respectively.
http://irjc.petsd.org
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The FTIR spectra of cellulose and modified cellulose obtained from phosphorylation are shown in
Fig. 3 (a) and (b) at a wave number range of 650 to 4000 cm−1. The absorption peak at 3212cm−1
is due to -OH stretching vibration and 2807 cm-1 from asymmetric stretching vibration of C–H. In
Fig. 3 (a), the C–O–C stretching and C–O–H bending vibrations are observed at 1030 and 1432
cm-1 resp ectively, additional absorption band in Fig. 3 (b) appeared at 1287 cm−1 is attributed to
P=O stretching of the modified cellulose. The appearance of these bands successfully confirmed
the chemical modification of Calotropis procera with sodium tripolyphosphate. Similar
observations were reported by [17]
Adsorption Study
It was revealed that the adsorption gradually increased with time and attained equilibrium after
80 minutes. The rapid intake initially could be due to the availability of the more surface sites on
the adsorbent for adsorption. The plot of Ce/qe versus Ce gives straight lines with correlation
coefficients of 0.99 and 0.99 for Pb2+, Cu2+ respectively which indicate that the adsorption of the
metal ions onto the adsorbent fitted the Langmuir isotherm well than Freundlich isotherm
equation. The maximum adsorption capacity of each metal ion, constants and correlation
coefficients were represented in Table 1.

CONCLUSION:
Cellulose was successfully synthesized and modified using different amounts of sodium
tripolyphosphate as modifying agent. The FTIR absorption band in Fig h appeared at 1287 cm −1
and is attributed to P=O stretching of the modified cellulose. Addition of more modifying agent
incorporated onto the cellulose matrix resulted in greater expansion of amorphous region over
the crystalline region in the cellulose structure which was confirmed by XRD analysis. The
crosslinking reaction which resulted from the incorporation of STTP on the cellulose matrix
showed an increase in thickness and size of the cellulose microfibrils. This can be attributed to
the agglomeration of STTP molecules onto the structural backbone of the cellulose molecules.
This has been confirmed further from the SEM analysis. The adsorption equilibriums data
satisfactorily fitted Langmuir isotherm equation better than Freundlich isotherm. Thus, it can be
concluded that the modified cellulose could be used in the treatment of toxic metals effluents
polluted with Pb2+ and Cu2+ ions.
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Table 1.
Langmuir model
Metal
ion

qmax
(mg/g)

QL

Pb2+

71.42857

Cu2+

41.841

Freundlich model

R2

RL
(L/mg)

KF
(mg/g)

N

R2

1.1764

0.9984

0.0010

2901.3

3.2268

0.8854

0.4530

0.9973

0.0003

466.32

3.5385

0.7538

a

b

c

Figure 1: SEM Images of (a) unmodified cellulose, (b) modified cellulose with 0.56g STTP and
(c) modified cellulose with 2.86g STTP
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Figure 2 (a): X-ray diffraction of unmodified cellulose

Figure 2 (b): X-ray diffraction of modified cellulose with 0.56g STTP
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Figure 2 (c): X-ray diffraction of modified cellulose with 2.86 g STTP

Figure 3 (a): FTIR spectrum of unmodified cellulose
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Figure 3 (b): FTIR spectrum of modified cellulose
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