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| Abstract

Grafting of ethylenediamine onto Hibiscus sabdariffa cellulose was achieved via the simple reaction mechanism.
The modified Hibiscus sabdariffa cellulose (HSM) and unmodified Hibiscus sabdariffa cellulose (HSC) were char-
acterized using Fourier transformed infrared (FTIR) spectroscopy, elemental analysis, scanning electron microsco-
py (SEM), X-ray diffraction (XRD), particle size distribution, zeta potential, thermogravimetric analysis (TGA), and
differential scanning calorimetry (DSC). Both HSM and HSC were also analysed for their water holding capacity,
oil holding capacity, swelling capacity, and heavy metal adsorption capacity. The particle size distribution of HSC
was found to be monomodal, while that of HSM was bimodal. HSM performed better than HSC in terms of oil
adsorption capacity and metal adsorption capacity especially for Pb** and Cd** ions. HSM also performed better
than some reported cellulosic materials found in literature. These properties exhibited by HSM present it as a
potential resource in the food industry and in treatment of heavy metal contaminated water.

| Keywords

Cellulose, ethylenediamine, Hibiscus sabdariffa, modified cellulose, surface grafting

1 Introduction

Cellulose is a polysaccharide with numerous applications.
It is usually described as a complex carbohydrate and well
known as the most abundant polymer on Earth."? Plants,
most especially wood, have been the major sources of cel-
lulose. With the current high demand for materials, energy,
and food face-to-face with the growing world population,
there is a need to search for much more convenient sourc-
es that can serve as alternatives or means of relief for the
presently known sources of cellulose.

Underutilized plant materials are possible sources of alter-
native means of relief for conventional sources of cellulose
such as cottonseed and wood. It is important to screen
some of these underutilized plants, especially the seeds, for
their cellulose content and characterize them. The Hibis-
cus sabdariffa seed (HS) is an example of an underutilized
plant material with the potential of being a suitable source
of cellulose. Hibiscus sabdariffa belongs to the Malvaceae
plant family; it is a shrub usually regarded as perennial.
The leaf is known for some uses, which cut across food
and medicine.*~> Presently in Nigeria, the seeds of Hibiscus
sabdariffa are considered underutilized and are regarded
as waste, although there have been reports that oil from
the seed has properties similar to that of crude olive oil®
while other reports have shown that the oil is nonedible.”

Cellulose is capable of being used as an industrial feedstock
for the production of known conventional or emerging bio-
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based products. The search for such bio-based products or
feedstock has been a global challenge. With the current
instability in petroleum, global warming, and other envi-
ronmental issues, bio-based products and feedstock can
be considered green, and will be of tremendous benefit
to man and the environment. A cellulose-based product
or feedstock can serve as a green resource with numerous
benefits. The performance of cellulose may be improved
by simple chemical modification, although different mod-
ification has been reported in the past;®'° but there is the
need for a cheap, green, and simple process of modifica-
tion using underutilized plants as sources of cellulose.

As a semicrystalline polymer, with both crystalline and
amorphous phases, that contains two types of hydrophilic
hydroxyl groups [which are primary hydroxyl in methylol
group (—=CH,OH) at C-6 and secondary hydroxyl groups
(—OH) at C-3 and C-4],"" it can be modified chemically.
Grafting is a method which can be used to modify the sur-
face of cellulose. Such modification may improve certain
properties of the cellulose, such as elasticity, hydrophilic
character, water and oil adsorption capacity, thermosensi-
tivity, heat resistance, antimicrobial property, ion-exchange
capacity, pH sensitivity, and crystalinity.">-'® Surface-graft-
ed cellulose is presently finding application in water treat-
ment, medicine, personal care products, textile, and food
industries.”” This has created the need and search for
cheap, environmentally friendly, and efficient biopolymers
from natural resources like cellulose.

In response to this, the present study has focused on the
chemical modification of cellulose isolated from Hibiscus
sabdariffa via surface grafting. The properties of the raw
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cellulose and the surface-grafted cellulose were deter-
mined, compared, and examined for possible environ-
mental applications.

2 Experimental
2.1 Materials

The seeds of Hibiscus sabdariffa were obtained from a gar-
den in Ibadan, Oyo state, Nigeria. This was later identified
at the Department of Botany and Microbiology, Universi-
ty of Ibadan, Ibadan, Oyo state, Nigeria. The seeds were
ground in an industrial mill, extracted with hexane as previ-
ously described by Adewuyi et al.,"® air dried, and stored in
an airtight container. Sodium chlorite, sodium hydroxide,
acetic acid, chloroacetic acid, thionyl chloride, ethylenedi-
amine, and all other chemicals used in this study were pur-
chased from Sigma-Aldrich (Brazil) and are of Analar grade.

2.2 Isolation of cellulose from the seed
of Hibiscus sabdariffa

An amount of 200 g of defatted Hibiscus sabdariffa seed
sample (hexane extracted) was weighed and transferred
into a 4 L beaker. Alkali solution (mass fraction of NaOH
2 %) was added and heated at 80 °C for 5 h with continu-
ous stirring using a Fisatom mechanical stirrer. The mixture
was later filtered and washed with distilled water several
times until alkali-free, and oven-dried at 50 °C. The treat-
ment with 2 NaOH was repeated twice. The brown prod-
uct obtained was bleached with a mixture of solution made
up of equal volumes (1 : 1) of acetate buffer (27 g NaOH
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and 75 mL glacial acetic acid, diluted to 1 L of distilled wa-
ter), and aqueous sodium chlorite (mass fraction of NaClO,
1.7 % in distilled water), as described by Flauzino Neto et
al.’ This was stirred at 80 °C for 5 h.

The resulting fibres were washed repeatedly in distilled wa-
ter until the fibres became neutral. The bleaching step was
repeated twice until the fibre became completely white,
and dried in an air-circulating oven at 50 °C for 24 h.

2.3 Modification of Hibiscus sabdariffa cellulose

A mixture of chloroacetic acid (0.03 mol), thionylchloride
(0.04 mol), and chloroform was heated to 75 °C for 30 min
to form chloroacetyl chloride, as described in Scheme 1a.
An amount of 8.35 g of Hibiscus sabdariffa cellulose (HSC)
was added to the chloroacetyl chloride (after the remov-
al of excess thionyl chloride under reduced pressure);
this was allowed to react for 5 h under constant stirring at
100 °C, and finally cooled in ice. Ethylenediamine (30 ml)
was added and stirred for 12 h at 100 °C under reflux. Cold
distilled water was added to the mixture, and centrifuged
thrice for 10 min at 8500 rpm to remove excess ethylen-
ediamine. The orange coloured product (HSM) obtained
was then dried at 50 °C for 24 h. The reaction scheme is
shown in Scheme 1b.

chloroform
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chloroacetic acid

socl,
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Scheme 1a — Synthesis of chloroacetylchloride
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Scheme 1b — Modification of Hibiscus sabdariffa cellulose
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2.4 FTIR spectroscopy

The functional groups in HS, HSC, and HSM were deter-
mined using FTIR (Perkin Elmer, spectrum RXI 83303). The
samples were blended with KBr, pressed into pellets, and
analysed in the range of 400—4500 cm™".

2.5 Elemental analysis

Elemental analysis of HSC and HSM was achieved using
Perkin Elmer series Il CHNS/O analyser (Perkin Elmer,
2400, USA).

2.6 Scanning electron microscopy

Surface morphology was studied using scanning electron
microscope (SEM, JEOL JSM-6360LV, Japan). Powdered
HS, HSC, and HSM were coated with gold using the sput-
tering technique in order to increase electrical conductivity
and the quality of the micrographs.

2.7 X-ray diffraction analysis

The X-ray diffraction pattern was obtained using X-ray dif-
fractometer (XRD-7000X-Ray diffractometer, Shimadzu)
with filtered Cu Ka radiation operated at 40 kV and 40 mA.
The XRD pattern was recorded from 10 to 80° (2 6), with
a scanning speed of 2.00° per minute. The crystallinity in-
dex (I) was determined using the height of 200 peak (/4
20 = 22.5°, and the minimum intensity between the 200
and 110 peaks (I, 26 = 18°) which can be expressed as:

| = Iooz — IAM

M

IOOZ

where Iy, represents both crystalline and amorphous ma-
terial, while I, represents the amorphous material only.

2.8 Particle size distribution and zeta potential

HSC and HSM were analysed for their particle size distri-
bution and zeta potentials using a zeta potential analyser
(DT1200, Dispersion technology) at 25 °C while observing
general calculation model for irregular particles. Sever-
al measurements were taken using Dispersion technolo-
gy-AcoustoPhor Zetasize 1201 software (version 5.6.16).

2.9 Thermal stability

Thermal stability and fraction of volatile components of
HS, HSC, and HSM were monitored by TGA, DTA, and
DTGC. This was achieved using a simultaneous DTA-TG ap-
paratus (SHIMADZU, C30574600245).

2.10 Water holding capacity

The water holding capacity (WC) was determined as de-
scribed by Zhang et al.?® To achieve this, 0.5 g (W,) of
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sample was dispersed in 10 mL of distilled water in pre-
weighed, clean centrifuge tubes (W) placed in a water bath
at 37 °C for 30 min. These were centrifuged for 15 min at
4000 rpm; the supernatant was removed and the centri-
fuge tubes with the distilled water soaked samples were
weighed (W,). The water holding capacity was estimated
as:

W, — (W +W,)
WC=— "
C W (2)

2.11 Oil holding capacity

The oil holding capacity (OC) was determined by weighing
0.2 g (W) of samples into a calibrated centrifuge tube con-
taining 5 ml (V;) of Picralima nitida seed oil. The mixture
was properly stirred for 10 min, after which it was centri-
fuged for 30 min at 5000 rpm. The supernatant oil (V,) was
gently removed while the absorbed oil was estimated as
the difference between V, and V,. The oil holding capacity
was calculated as described by Lu et al.*':

Vi—V
w

OoC=

2.12 Swelling capacity

Both the HSC and HSM were separately analysed for their
swelling capacity (SC) by accurately weighing 0.5 g (W) and
placing it in a calibrated tube, measuring its initial bed vol-
ume (V3), mixed with 10 ml of milliqui water and shaken
vigorously. The tube with its content was place in a water
bath at 25 °C for 24 h, the final volume (V,) measured, and
the swelling capacity calculated using Eq. 4.2

V, -V,
SC — 4 3
W 4)
2.13 Heavy metal adsorption capacity
Lead(Il)  nitrate  (Pb(NO,),, cadmium  sulphate

(3CdSO,-8H,0), and copper(ll) sulphate (CuSO,-5H,0)
salts were used in the preparation of the salt solutions in
milliqui water. Metal adsorption study was carried out by
separately shaking 0.1 g of HSC and HSM with 50 ml of
solutions (100 mgl~") of metal in different beakers at 25 °C
and 200 rpm for 3 h. This was later centrifuged for 10 min
at 5000 rpm, and the metal concentrations before and af-
ter adsorption were determined using Atomic Absorption
Spectrometer (Varian AA240FS). The metal ions adsorption
capacity of HSC and HSM were calculated using equation:

- CcJ)V
. )

m

where q. is the adsorption capacity, ¢, and c. are initial and
final concentrations of adsorbate (Pb?*, Cd** and Cu?*) in
solution, respectively; while V and m are volume of metal
ions solution and mass of HSC and HSM used.
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3 Results and discussion
3.1 FTIR spectroscopy

The cellulose yield from the seed of Hibiscus sabdariffa was
23.31 %, while the grafting process gave rise to a product
(HSM) yield of about 92 %. The photo images of HS, HSC,
and HSM are shown in Fig. 1, while the FTIR spectra are
presented in Fig. 2. The spectrum of HS revealed bands
at 1742, 3430, and 2946 cm™', which may be attribut-
ed to the vibrational frequencies of ester functional group
(—=COOR), hydroxyl functional group (—OH), and alkane
group (C—H), respectively. The presence of the peak ob-
served at 1752 cm™" may be attributed to the presence of
other carbonyl functional group in HS, while the peak at
1101 and 1030 cm™" represents the C—O—C stretching
of lignin and C—O vibrational stretching of cellulose and
hemicellulose, respectively.?

After the treatment with 2 % NaOH and bleaching, the
peak attributed to the ester functional group disappeared
with HSC and HSM exhibiting a broad band in the region
3530-3210 cm™', which indicates the presence of free
O—H stretching vibration of the OH functional groups in
both HSC and HSM molecules. The presence of the OH
functional groups in the spectrum of HSM suggests that
most modification reactions in the cellulose occurred pref-
erably on the amorphous regions due to the high reactivity
and accessibility of the amorphous regions?*#, leaving be-
hind the OH groups in the crystalline region.

Both samples had peaks at 1040 cm~" which may be due
to the C—O—C pyranose ring stretching vibration.?® The
absorption band at 904 cm™" in HSC and HSM was as-
signed to the stretching at B-(1—4) glycosidic linkages.
Peaks found at 2892 cm~"and 1365 cm™"in HSC and HSM
were considered to be the characteristic C—H stretching
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Fig. 1 —Photo images of Hibiscus sabdariffa ground seed (HS),
cellulose (HSC), and modified cellulose (HSM)

vibrational frequency, and bending vibration of C—H and
C—0O bonds in the polysaccharide aromatic rings, respec-
tively; while the bands in the region 1651-1640 cm™'
were accounted for as being the O—H bending of the
adsorbed water.?”?® The vibrational frequencies found at
1161 cm™" and 1100 cm™" were assigned to the C—C ring
breathing band and C—O—C glycosidic ether band from
the polysaccharide component, respectively. These two
peaks became more pronounced in HSM, which may be
due to the copolymer amide linkage formed in HSM from
the ethylenediamine modification, as shown in Scheme
1b. The amide peaks in HSM were found at 1320 cm™
and 1530 cm™'; the peak at 1530 cm™" was attributed to
the N—H bending vibrations coupled with C—N vibration
of the amide formed in HSM.
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Fig. 2 - FTIR spectra of Hibiscus sabdariffa seed (HS), cellulose (HSC), and modified cellulose (HSM)
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Also, the absorption band around 1450 cm™' was attrib-
uted to the symmetric CH, bending vibrations, which are
also considered to be the “crystallinity band”.? The FTIR
result was further used to calculate the empirical crystal-
linity index (ECI), which was proposed as the lateral order
index by Nelson and O’Connor.*® This was achieved using
the expression which we have modified to be in percent-
age:

_ A1430 cm!
ECI= e (6)

897cm™!

The band at 1430 cm™ was attributed to the crystalline
structure of the cellulose, while the band at 897 cm~" was
assigned to the amorphous region of the cellulose. Nelson
and O’Connor defined the ratio of these bands as the em-
pirical crystallinity index, as shown in Eq. 6. The ECI value
of HS was 42.51 %, that of HSC was 65.24 %, while it was
calculated to be 61.00 % in HSM %. The ECl is an overall
expression of the degree of order in the structure of HS,
HSC, and HSM;?" this has shown that HSC and HSM have
better ordered structures than HS which is the raw Hibis-
cus sabdariffa seed.

3.2 Elemental analysis

The CHN analysis revealed the presence of carbon, hydro-
gen, and nitrogen in HSC. The percentage composition of
these elements was found higher in HCM than in HSC. Af-
ter the modification, the composition of carbon increased
from 48.28 % in HSC to 51.96 % in HSM, hydrogen in-
creased from 10.33 % in HSC to 13.05 % in HSM, while
nitrogen was found to be 0.12 % in HSM. The increase in
the amounts of these elements showed that modification
had taken place in the cellulose.

3.3 Scanning electron microscopy

The SEM images of HS, HSC, and HSM are shown in
Fig. 3. The surface morphology of HS appeared to have
a diameter considerably larger than those found for HSC
and HSM, and it seemed to be composed of several mi-
crofibrils with each fibre having a compact structure. The
micrograph also showed that the surface of HS was not en-
tirely smooth, which may be due to the presence of some
functional groups at this surface. The surface micrograph
of HSC was different from that of HS with a reduction in
diameter which may have resulted from the removal of
lignin, hemicellulose and other non-cellulosic constituents.
The reticular structure of HSC indicated that the process
of purifying and bleaching had not broken the cellulose
structure.>? Moreover; the surface of HSC also exhibited a
lumpish structure, which may be due to the strong intra-
molecular hydrogen bonds that exist in the molecule. On
the other hand, the somewhat smooth surface of HSM re-
vealed that the introduction of ethylenediamine units into
cellulose units of HSC may have limited the formation of
the intramolecular hydrogen bonds. The surface of HSM
changed remarkably, and was different from those of HS
and HSC.
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Fig. 3 —SEM images of Hibiscus sabdariffa seed (HS), cellulose
(HSC), and modified cellulose (HSM)

3.4 X-ray diffraction analysis

The X-ray diffractogram of HS, HSC, and HSM are pre-
sented in Fig. 4. It is evident that the diffractograms of
HSC and HSM exhibited sharp peaks at around 18° and
22.5° 20 angles; these peaks were attributed to the dif-
fraction planes of 110 and 0023 such are typical of cel-
lulose I crystal form; moreover, there was no doublet in
the main peak at 26 (22.5°). The crystallinity index of HS
was found to be 24.74 %, this value increased in HSC to
59.03 %, and 59.17 % in HSM, suggesting an increase in
the intra- and intermolecular hydrogen bonding, which
occurs as amorphous HS is transformed into cellulose I.
This closely related value of crystallinity index of HSC and
HSM corroborates the observation from the FTIR result of
similar intensity at absorption band around 1450 cm™" in
HSC and HSM, although there was a slight increase in the
crystallinity index of HSM over that of HSC, indicating the
likelihood of higher water resistance in HSM, since wa-
ter absorption occurs mainly in the amorphous region of a
polymeric molecule.®* The lower crystallinity index of HS
may be due to the presence of higher amorphous content
when compared to HSC and HSM, while the higher crys-
tallinity observed in HSC and HSM may also be attributed
to the removal of lignin, hemicellulose, and other non-cel-
lulosic substances.*®

3.5 Particle size distribution and zeta potential

Particle size is one of the vital parameters in materials sci-
ence, which cuts across engineering, biology, medicine,
energy, pharmacy, geosciences and technology. The par-
ticle size distribution and zeta potential of HSC and HSM
are presented in Fig. 5. The particle size distribution of
HSC and HSM were found to be monomodal with a mean
size of 10.240 and 10.138 , respectively.
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Fig. 4 — X-ray diffraction patterns of Hibiscus sabdariffa seed (HS), cel-
lulose (HSC), and modified cellulose (HSM)
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The zeta potential of HSC mainly reduced as the pH in-
creased, whereas HSM maintained a higher zeta potential
than HSC even at high pH. The lowest zeta potential was
found at pH 5 in HSM, and at pH 11 in HSC. The values of
the zeta potential helped in quantifying the charges at the
surfaces of HSC and HSM*’, which indicates the degree of
HSC and HSM stability and electrostatic repulsion with oth-
er charged particles;® this goes a long way in finding suit-
able applications for materials. As pointed out by Salopek
et al.,* the distribution of the zeta potential at various pH
along the surfaces of HSC and HSM showed that these ma-
terials are stable in liquid medium (solid-liquid interaction).

3.6 Thermal stability and Brunauer-Emmett-Teller
surface area analysis

The TG and DTG curves of HS, HSC, and HSM are shown
in Fig. 6. These curves reveal an initial loss in mass be-
tween 48 °C and 112 °C, which may be associated with
loss of water molecules in these samples; this is likely the
chemisorbed water found at around 1651-1640 cm™
in the FTIR spectra. HS showed two distinct stages, HSC
showed three, while HSM showed four different stages of
mass loss during decomposition. An increase was noticed
in the region of water loss (up to 110 °C) for HSC with
respect to HS and HSM; this may be considered to be
due to the higher extent of solvation or ionic interaction
around the cellulose molecules with the water molecules.
The amorphous region of the cellulose may have also pro-
vided enhanced interchain spaces where water molecules
could have been picked up or trapped. Better still, water
molecules may have been picked up in vacant spaces left
on HSC after the removal of hemicellulose and lignin. Cel-
lulose has been reported to degrade mainly by dehydra-
tion, depolymerisation, and glucosan formation.*® The first
stage of mass loss noticed in HSC was around 170-220 °C,
which can be attributed to degradation leading to 1,4 and
1,6 anhydroglucopyranoside, while the second stage at
342 °C could be considered as being depolymerization at
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1,4 glycosidic bond, as previously reported.*'#? Pyrolysis to
lower molecules was found at higher temperatures, which
was the third stage. A similar degradation mechanism was
also found in HSM except for the appearance of a peak
around 260 °C. The first stage of loss in mass was observed
ataround 150-210 °C in HS, this weight loss was account-
ed for as being loss of hemicellulose and some other vola-
tile matter. Loss of weight at around 220—450 °C in HS was
considered as being due to loss of lignocelluloses*}, while
the loss found at temperatures above 450 °C was taken to
be due to the loss of lignin and char.*#4°

3.7 Water holding capacity

The ability of materials to hold added water along with
their own water when undergoing processing is very im-
portant. The water holding capacity of HSC and HSM are
presented in Table 1. The water holding capacity of HSM
was found lower than that of HSC, which may be due to
the modification carried out on HSC. This modification
may have broken the reticulation of HSC.* The higher
water holding capacity of HSC over HSM suggests the pos-
sible use of HSC in food applications requiring moisture
retention as low-calorie bulk ingredients*, whereas HSM
may have potential applications in fields such as paper and
pulp, water treatment (adsorbents), and pigments, where
low moisture retention is required. Water holding capacity
of materials is dependent on several factors such as inher-
ent chemical and physical structure.”” The water holding
capacity of a food additive or food itself plays a key role in
its stability, texture, microbial safety, production costs, and
functional properties.*® Although good water holding ca-
pacity is a necessity for stability and texture, it is important
to consider microbial activity and safety which may affect
shelf life. Therefore, adequate consideration will have to
be taken when selecting materials for water retention in
the final product. To this effect, HSM may also be of impor-
tance in fields or products where low or moderate water
retention is required.
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Fig. 6 —TG and DTG curves of Hibiscus sabdariffa seed (HS), cellulose (HSC), and modified cellulose (HSM)
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Table 17 — Water holding capacity, oil holding capacity, and swell-
ing capacity of HSC and HSM

Sample WC/gg™' OC/mlg™! SC/mlg™!
HSC 11.87 4.59 13.72
HSM 5.55 7.27 1.85

3.8 0Oil holding capacity

The oil holding capacity of HSM (7.27 mlg™") was higher
than that of HSC (4.59 mlg™). The introduction of amide
linkage (Scheme 1b) from the modification might have in-
creased the porosity and superficial area of HSM, which
could have promoted the entrapment of oil in the HSM
molecule.* Oil holding capacity has been related to the
adsorption of organic compounds to the surface of the sub-
strates, which in part also relates to the chemical composi-
tion that concerns mainly the porosity of the fibre structure
of the substrate®®*". This claim further supports the SEM re-
sult which reveals the surface of HSC to be of a more com-
pact structure than HSM. Good oil holding capacity is an
important parameter in the food industry which is required
in baked goods and soups, meat replacers and extenders,
ground meal formulation and doughnuts.>? It is closely re-
lated to texture and other food quality properties through
the interaction between oil and other components.>® The
ability of HSM to absorb and retain oil is important in food
formulations; this shows that HSM may find application as
an ingredient or additive over HSC in areas requiring oil re-
tention. The higher oil holding capacity of HSM also indi-
cates its enhanced hydrophobic character>* which plays an
important role in ground meat formulations and shelf life.>>

3.9 Swelling capacity

The swelling capacity of any cellulosic fibre is considered
as the amount of liquid that can be absorbed by such
cellulosic fibre. It is an important property that helps in
finding useful applications for cellulosic fibres. The swell-
ing capacity of HSC (13.72 mlg™) is higher than that of
HSM (1.85 mlg™), as shown in Table 1, indicating higher
tendency of HSC to hold water molecules. Some of the
hydroxyl functional groups in HSC were involved in the
grafting process to form HSM, indicating that the hydroxyl
group content of HSC is higher than that of HSM. So the
high hydroxyl group content of HSC may have aided the
interaction with water molecule, and as such giving it a
higher hydration property over HSM.

Table 2 shows the comparison of the water holding capac-
ity, oil holding capacity, and swelling capacity of HSC and
HSM with other reported values in literature. The oil hold-
ing capacity value of HSM was higher than all other values
presented in Table 2. The water holding capacity value of
HSM also compared favourably with values previously re-
ported, except for values by Nassar et al.,*® Aydin and Goc-
men,*” and Yalegama et al.*', which were higher than the
value obtained for HSM, while the swelling capacity found
in literature were all higher than that of HSM, an observa-
tion which was contrary in the case of HSC which had a
value higher than all that were found in literature.
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Table 2 — Comparison of the water holding capacity, oil holding
capacity, and swelling capacity of HSC and HSM with
other reported values in literature

Sample WC/gg' | OC/mlg™ SC/mlg™
standard flour®® 1.02 2.50 4.00
red bean flour® 4.419 4.553 -
white lupin®? 2.65 1.82 -
orange peel®® 13.60 6.80 -
pumpkin flour>” 0.92 2.11 -
gelatin® 8.59 0.67 -
coconut kernel* 8.13 4.57 5.50
cowpea”® 2.00 0.80 5.50
HSC (present study) 11.87 4.59 13.72
HSM (present study) 5.55 7.27 1.85

3.10 Heavy metal adsorption capacity

Heavy metals such as Cu?*, Cd** and Pb?* are known to be
toxic to humans, plants, and the environment®® as they are
capable of causing diseases and various disorders. These
heavy metals have been found in water, food, and soil as
a result of rapid population growth, domestic activities,
agricultural practices and industrialization, which leads to
waste generation containing these heavy metals.* It is im-
portant that these heavy metals are removed from waste
before they get into the environment in order to avoid or
prevent plants, animals, and humans from coming into
contact with these toxic metals. In this line, HSC and HSM
were evaluated for their capacity to adsorb heavy metals
(Pb2*, Cd** and Cu?* ions). The adsorption capacities of
HSC and HSM are shown in Fig. 7. HSC showed higher
adsorption capacity for Cu?* ions over HSM, whereas the
adsorption capacity of HSM towards Pb?* and Cd?* was
higher than those of HSC. The adsorption capacity of HSC
for Cu?* was 7.44 mgg™" while HSM was 6.12 mgg™". This
adsorption capacity is higher than those reported by Tiwari
et al.,® Wahi et al.,*" Jiang et al.,*? and Putra et al.®* which
were 1.67,1.22,0.84, and 3.89 mgg™", respectively. In the
case of Pb?* ions, the adsorption capacity was found to be
20.85 mgg' for HSM, and 19.63 mgg™" for HSC, indicat-
ing HSM having preference for Pb?* ions over HSC. Aside
the adsorption capacity shown by HSM being higher than
that of HSC, it was also higher than those reported by Ade-
diran et al.,** Jiang et al.,** Lawal et al.,* and Futalan et al.®®,
which were 5.01, 2.35, 4.86, and 15.00 mgg™"', respec-
tively. Adsorption capacity towards Cd** was 6.88 mgg™'
for HSM, and 4.58 mgg™" for HSC, which also presented
HSM as having a better adsorption of Cd?* ions. It is obvi-
ous from the results that both HSC and HSM demonstrated
strong adsorption capacity towards Pb?* ions; the presence
of hydroxyl functional group in HSC, and presence of both
hydroxyl and amide functional group in HSM may have
been responsible for their ability to adsorb heavy metals
such as Pb?*, Cd?* and Cu?*.
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Fig. 7 — Adsorption capacity of HSC and HSM

The mechanism of adsorption of Pb**, Cd** and Cu?* ions
demonstrated by HSC and HSM may be accounted for as
being through ion exchange, or complex action; it may also
be due to both ion exchange and complex actions taking
place at the same time.** Aside the functional groups, both
HSC and HSM have a network-structure, which is much
more compact in the case of HSC than in HSM; thus, from
their network-structure, they also have the tendency of be-
ing able to trap metal ions.

The percentage amount of metals adsorbed by HSC and
HSM are shown in Fig. 8. Both HSC and HSM exhibited
low adsorption towards Cu?* and Cd** ions, but reason-
able adsorption towards Pb*" ions with HSC adsorbing
73.49 % of Pb?* ions from solution, while HSM adsorbed
78.10 % of Pb?* ions from solution. This high tendency to
adsorb Pb** better than Cu?* and Cd** may be due to the
differences in the ionic radii of the metals. The ionic radius
of Pb2* (1 J9A)is higher than those of Cd?* (0.95 A) and
Cu?* (0.73 A), as reported by Wells.®” The larger ionic radi-
us of Pb** ion over Cu?* and Cd?* ions may have resulted
in better interaction between Pb?* ions and the surfaces
of the HSC and HSM, since the outer shell electrons of
Pb?* are more available for bonding than those of Cu**
and Cd**. The high capacity of HSM towards these heavy
metals may be due to the presence of both hydroxyl and
amide functional groups, unlike HSC with just hydroxyl
groups (Scheme 1b). This exhibited capacity suggests its
potential use as an adsorbent ingredient in products re-
quiring adsorption of heavy metals or as a promising adsor-
bent for heavy metal removal in water treatment.

4 Conclusion

The study focused on the chemical modification of cellu-
lose isolated from Hibiscus sabdariffa via surface grafting.
The chemical and functional properties of unmodified Hi-
biscus sabdariffa cellulose and modified Hibiscus sabdariffa
cellulose were compared with earlier works reported in
literature. The examined properties of modified Hibiscus
sabdariffa cellulose performed better than that of unmod-
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Fig. 8 — Adsorption of Cu?*, Pb** and Cd?* on HSC and HSM

ified Hibiscus sabdariffa cellulose in terms of oil adsorp-
tion capacity and metal adsorption, especially Pb** and
Cd?* ions. The modified Hibiscus sabdariffa cellulose also
performed better than some reported cellulosic materi-
als found in literature. These exhibited properties of the
modified Hibiscus sabdariffa cellulose indicated that the
modified Hibiscus sabdariffa cellulose has the potential of
finding application in the food industry and treatment of
heavy metal contaminated water.
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HSC - Hibiscus sabdariffa cellulose
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0 — diffraction angle, °
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SAZETAK
Kemijska modifikacija povrsinskim cijepljenjem celuloze
izolirane iz biljke Hibiscus sabdariffa:
potencijalni bioizvor za industrijsku primjenu

Adewale Adewuyi*®" i Fabiano Vargas Pereira®

Etilendiamin je cijepljen na celulozu biljke Hibiscus sabdariffa jednostavnim kemijskim procesom.
Moadificirana (HSM) i nemodificirana celuloza (HSC) okarakterizirane su infracrvenom spektro-
skopijom s Fourierovom transformacijom (FTIR), elementnom analizom, pretraznim elektronskim
mikroskopom (SEM), rendgenskom difrakcijom (XRD), raspodjelom veli¢ine cestica, zeta-poten-
cijalom, termogravimetrijskom analizom (TCA) i diferencijalnom skenirajuéom kalorimetrijom
(DSC). Odredeni su kapacitet zadrzavanja vode, kapacitet zadrzavanja ulja, kapacitet bubrenja i
adsorpcija teskih metala. Raspodjela veli¢ine cestica HSC-a je monomodalna, dok je za HSM bila
dvomodalna. HSM je pokazao bolje rezultate u odnosu na HSC u podrucju kapaciteta adsorpcije
ulja i kapaciteta za adsorpciju metala, posebice iona Pb?* i Cd**. HSM takoder pokazuje bolja
svojstva od nekih celuloznih materijala nadenih u literaturi. Temeljem tih svojstava, HSM pred-
stavlja potencijalni izvor u prehrambenoj industriji te pri obradi vode zagadene teskim metalima.
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