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ABSTRACT

Peanut shells were incorporated in polymeric matrix of chitosan/xanthan/acrylic acid to form Cs/
XN/AAc-PS composite by using gamma irradiation. It was found that 10 kGy irradiation dose is
sufficient to crosslinking the network structure and increasing with irradiation dose up to 30 kGy.
A decrease in gel content was observed at 40 kGy. The gel content was found to be increased with
increasing AAc content. The swelling percentage decreases by increasing of AAc content and irra-
diation dose except at 40 kGy. Characterization the composite was performed by Fourier-transform
infrared spectroscopy, field emission scanning electron microscopy, and dynamic light scatter-
ing. The adsorption performance of Cs/XN/AAc-PS composite towards the removal of Ni** and
Co* was investigated. The adsorption capacity was found to be enhanced with increasing the tem-
perature, initial metal ion concentration and pH. The highest adsorption capacity values for Ni*
and Co* by Cs/XN/AAc-PS composite are 6.84 and 3.73 mmol/g at pH 6 and initial concentration

150 mg/L, respectively. The maximum capacity was done at the adsorbent dosage of 0.1 g.
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1. Introduction

Wastewater from many industries includes heavy
metal ions. It is discharged into natural water directly and
becomes dangerous to human health [1-3]. The removal
of metal ions from wastewater is considering a significant
target [4]. The excessive utilization of nickel causes various
problems [5]. Cobalt can produce vomiting, illness, diar-
rhea, asthma, pneumonitis, and weight loss [6]. Heavy metal
ions in wastewater can be extracted using broad techniques
include solvent extraction, precipitation, vacuum, mem-
brane, ionic exchange, and adsorption [7]. Adsorption is an
important technique for managing the extent of pollution
[8]. It is used to concentrate on waste streams and eliminate
heavy metal ions.

* Corresponding author.

Co-polymer hydrogels have high consideration as adsor-
bents for eliminating heavy metal ions because it can be
incorporated into various functional groups into the poly-
meric networks [9,10]. Chitosan has desirable properties
for the adsorption of metal ions. It has the amino groups
(-NH,) that can combine with metal ions [11]. Xanthan
gum is anionic heteropolysaccharide. It contains -OH and
—-COOH groups that have excellent adsorption properties
[12]. The presence of synthetic polymer with a natural one
in the hydrogel produces an adsorbent that has synergetic
properties [13].

The use of low-cost materials as sorbents such as agri-
cultural wastes has been a focus on wastewater technology
[14]. Agricultural wastes are ordinarily constituted of lig-
nin and cellulose [15]. Biosorbent from agricultural wastes
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have polyfunctional groups such as -NH,, -COO-, -C=0,
OH- and PO?Z [16]. Several studies use peanut shells as
an adsorbent for adsorbing of different pollutants [17,18].
Peanut shells are inexhaustible, non-edible, and renew-
able lignocellulosic materials resources [19]. However, it
is not easy to separate the suspended solids from aque-
ous solution [20]. From this regard, in this study, peanut
shells were incorporated in chitosan/xanthan/acrylic acid
to form Cs/XN/AAc-PS composite for the first time by aid-
ing of gamma irradiation. Ionizing radiation is an excel-
lent technique in the fabrication of materials. The lack of
chemical initiator and cross-linker produces high purity
final product; it does not require further purification [21-
23]. The prepared composite was used as an adsorbent for
the removal of Ni* and Co*. For this purpose, the opera-
tion conditions were studied.

2. Materials and methods
2.1. Materials

Medium molecular weight chitosan (Cs) and AAc were
obtained from Sigma-Aldrich Inc. and xanthan was get
from Oxford Laboratory Reagent, India. Other chemicals
such as NiCl, and CoCl, were purchased from El-Nasr Co.
for chemical industries, Egypt. All chemicals were used as
received.

2.2. Punt shells treatment

Punt shells (PS) were collected from markets and were
cleaned with distilled water to remove the adhering dust.
The shells were dried in air and were ground to a fine
powder.

2.3. Preparation of hydrogel

3 g of chitosan (Cs) was dissolved in 100 mL distilled
water, heated and stirred at 80°C for 120 min to form a
homogeneous mixture. 1 g of xanthan (XN) was dissolved
in 100 mL distilled water, heated and stirred at 80°C for
30 min. The solutions were mixed, and then 1 wt.% of PS
and different ratios (0.5-1.5 wt.%) of acrylic acid (AAc) were
supplemented and stirring for 30 min at ambient. The vis-
cous solutions were irradiate by Co gamma source at dif-
ferent irradiation doses from 10 to 40 kGy at a dose rate of
1.4 kGy/h. After irradiation, the samples were immersed in
water to exclude the unreacted ingredient, then air-dried.

2.4. Instrumentation

Fourier-transform infrared spectroscopy (FTIR) spectra
was recorded over the range of 400—4,000 cm™, on Bruker,
Unicom Infrared Spectrophotometer, Germany.

Morphological study was done using field emission
scanning electron microscopy (SEM) Model Quanta FEG-
250 (field emission gun) with accelerating voltage 30 K.V.,,
magnification 14x up to 1,000,000 and resolution for Gun.1n),
Netherlands. The particle size was analyzed by dynamic
light scattering (DLS) instrument (Zetasizer Nano Series
(HT), Nano ZS, Malvern Instruments, UK).

The metal ion concentration was evaluated using Agilent
700 Series ICP Optical Emission Spectrometer (ICP-OES),
Agilent Technologies Inc., USA.

2.5. Gel content

The dried weighted samples were immersed in distilled
water overnight at 70°C then, cleaned with warm water to
extract the soluble fraction, dehydrated to a fixed weight.
The gel content was estimated using the following formula:

Gel content (%) = Wa x100 1)
W

o

where W, and W, are the dried sample weights after and
before extraction, respectively.

2.6. Swelling measurements

The dried weighted samples were immersed in aqueous
or in buffer solutions at desirable pH (2, 4, 6, 8 and 10) for
a definite time at ambient. Then, the excess water was dis-
placed using a filter paper and re-weighed. The swelling
percentage was determined as:

Swelling (%) = % x100 )

d

where W_is the mass of the swollen sample and W, is the
mass of dehydrated one.

2.7. Adsorption studies

The effect of experimental controlling parameters on
the adsorption of Ni** and Co* ions by Cs/XN/AAc-PS com-
pared with Cs/XN/AAc hydrogel were studied.

Each experiment was repeated three times according to
the following procedures.

2.7.1. Effect of pH

0.1 g of sorbent was placed in a volumetric tube con-
tains 25 mL of metal ions solution of concentration 20 mg/L
at suitable pH. The pH of the solution was adjusted by
0.1 mol/L of HCI or NaOH and shaken at room temperature
for 24 h. The adsorption capacity g, (mmol/g) at equilib-
rium was evaluated by:

(Cfce)
=W ©

where C, (mg/L) is the initial metal ions concentration. C, is
the final metal ions concentration. V (L) is the solution vol-
ume. W (g) is the weight of the sample and A is the atomic
weight of metal.

2.7.2. Effect of metal ion concentration

The effect of initial metal ion concentration was stud-
ied using various concentrations of metal ions ranged from
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25 to 150 mg/L. 0.1 g of sorbent was placed in a volumet-
ric tube contains 25 mL of a definite concentration of metal
ions solution at pH; 6. Shaking at room temperature for
24 h. The sorption capacity was calculated using Eq. (3).

2.7.3. Effect of adsorbent dosage

The effect of the adsorbent dosage was studied using
various weights of adsorbent ranged from 0.1 to 0.4 g.
A definite weight of the adsorbent was putted in a volumet-
ric tube contains 25 mL of 20 mg/L of metal ions solution
at pH; 6. Shaking at room temperature for 24 h. The sorp-
tion capacity was calculated using Eq. (3).

2.7.4. Effect of temperature

0.1 g of sorbent was placed in a volumetric tube contains
25 mL of metal ions solution of concentration 20 mg/L at
pH; 6. Shaking in a water bath at 25°C for 24 h. The experi-
ment was repeated at 40°C and 60°C. The sorption capacity
was calculated using Eq. (3).

To compare the validity of model equations more defi-
nitely a normalized standard deviation (%) is calculated as
follows:

(2 =a2)1qw ]
N-1

Aq (%):100><\/ 4)

where the superscripts ‘exp” and ‘cal’ show the exper-
imental and calculated values and N is the number of
measurements.

3. Results and discussion

The synthesis of composite hydrogel in aqueous med-
ium using gamma irradiation technique preformed via
radical mechanism, Fig. 1. The radiolysis of water pro-
duces hydroxyl radicals that abstracting hydrogen atoms
from the polymer chains. Whatever, the macroradicals are
created moreover the macroradicals produce directly on
polymer chains [24]. Moreover, the radials that formed on
acrylic acid by breaking the double bond of vinyl group
by the effect of gamma radiation. Thus, polymerization
and cross-linking occur simultaneously to get a network
structure [13].

oH
e W
HO HO‘XQ;Q-&/O
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The impact of AAc content on the gel content percent-
age is investigated in Fig. 2. The gel content enhances with
increasing of AAc content in the network matrix. Due
to improving the diffusion rate of the monomer into the
bulk polymer that promotes the propagation of growing
chains. According to the obtained data 10 kGy irradiation
dose is sufficient to get cross-linking network structure. It
can be noted that the gel content increases with increas-
ing the irradiation dose from 10 to 30 kGy, however, a
decrease in gel content was observed at raising the irra-
diation dose to 40 kGy. The increase of irradiation dose
improves the free radicals formation that leads to a high
content of gel [25,26]. However, at 40 kGy a drop in the
gel content was observed that may be resulted from deg-
radation of the polymeric network practically the system
based on natural polymers [13].

The swelling of the prepared composites was investi-
gated to know the behavior of the prepared composite in
aqueous solution. The swelling property is an important
character in the materials that are used as adsorbent mate-
rials. In this part, the swelling percentage of the prepared
composite was investigated as a function of AAc content at
different irradiation doses as represented in Fig. 3. It can be
observed that the swelling percentage decreases as increas-
ing of AAc content and irradiation dose except at 40 kGy.
It must be known that the swelling ability of the polymeric
matrix is proportional to the flexibility of the matrix and
inversely proportional to the cross-linking structure [27,28].
From this view, it can be explained that the cross-linked
structure of Cs/XN/AAc-PS enhances by increasing AAc
content and irradiation dose as well as the swelling per-
centage decreases. However, at irradiation dose of 40 kGy
the gel content decreased as mentioned above and there-
fore the cross-linking structure decreased. In other words,
at 40 kGy the flexibility of the polymeric matrix increased
as well as the swelling percentage was also increased.

FTIR spectra of Cs/XN/AAc-PS composite of differ-
ent AAc content is shown in Fig. 4. Broadband appears
at 3,438 cm™ assigned to O-H and N-H. The stretching
band of the C-H group appears at 2,928 cm™. The band at
1,718 cm™ was ascribable to the C=O of the carbonyl group
and amide I. A weak signal was observed at 1,543 cm™
due to the N-H deformation of the amino group (amine
II). The band at 1,156 cm™ corresponds to the acetal group
[29-32]. The increase of AAc content from 15 to 30 wt.%,
the intensity of the C=O stretching band was increased and

CS/AN/AAc-PS

PS

Fig. 1. Scheme represents the preparation of Cs/XN/AAc-PS composite.
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Fig. 2. The gel content at different irradiation doses as a function of the AAc content.
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Fig. 3. The swelling percentage at different irradiation doses as a function of the AAc content.

negatively shifted to 1,709 ecm™ as a result of increasing
the crosslink density. On the other hand, it can be noted
that a little shortage and shifted in bands were produced
because of increasing the irradiation dose from 10 to 30 kGy.

Fig. 5a shows the surface morphology of Cs/XN/AAc
hydrogel by field emission scanning electron microscopy
(FESEM). As seen in the figure, the surface appears as a bee-
hive structure. The surface is turned into crushed by add-
ing PS in Cs/XN/AAc-PS composite as observed in Fig. 5b.
DLS examination for Cs/XN/AAc-PS composite (Fig. 5c)
revealed that PS is ordinarily distributed and the average
size is 266 nm.

3.1. Adsorption study

The adsorption performance of the prepared Cs/XN/
AACc-PS composite towards the remediation of Ni** and

Co? from aqueous solutions was investigated. The effects
of pH, contact time, initial concentration, the dosage of
sorbent, and temperature on the adsorption have been
investigated.

3.1.1. Effect of pH

The adsorption capacity dependence of Ni* and Co* on
pH by Cs/XN/AAc-PS and Cs/XN/AAc sorbents is shown in
Fig. 6. It was found that the adsorption capacity increases
with pH increment up to pH = 6 above this value a precipi-
tation of metal ions as metal hydroxide was done. Also, the
adsorption capacity of Cs/XN/AAc-PS composite is higher
than Cs/XN/AAc hydrogel due to the presence of more
active groups available for adsorption by introducing PS
into Cs/XN/AAc matrix. It can be noted that in a highly
acidic medium the active groups (-NH,, -OH, and -COOH)
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Fig. 4. FTIR spectra of Cs/XN/AAc-PS composite of AAc content (1) 15% and (2) 30% at irradiation dose 10 kGy and

(3) 30% at irradiation dose 40 kGy.
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Fig. 5. FESEM images of Cs/XN/AAc (a), Cs/XN/AAc-PS (b), and DLS of Cs/XN/AAc-PS (c).

in Cs/XN/AAc-PS sorbent are protonated that restricted
the interaction of Ni** and Co* with Cs/XN/AAc-PS func-
tional groups [33]. Deprotonation of functional groups is
as increase as in pH of the medium so an enhancement of
Ni** and Co* ions adsorption. This is due to increasing the
electrostatic interactions of the negatively charged sites and

the positively charged metal ions; Ni** and Co® ions. On the
other hand, the adsorption capacity towards Ni*" is higher
than Co*" where the highest adsorption capacity values for
Ni** and Co*" by Cs/XN/AAc-PS composite are 0.7200 and
0.3460 mmol/g at pH 6, respectively. The possible expla-
nation for this result may be attributed to the hydrated
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Fig. 6. Effect of pH on the adsorption capacity of Co** and Ni** by 0.1 g of Cs/AAc/PS composite compared with Cs/AAc parent hydro-

gel in 25 mL of initial concentration 20 mg/L at contact time 24 h.
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Fig. 7. Effect of initial concentration on the adsorption capacity of Co* and Ni* by 0.1 g of Cs/AAc/PS composite compared with

Cs/AAc parent hydrogel in 25 mL at pH 6 and contact time 24 h.

radius of Ni** is 4.04 A and for Co* is 4.23 A. The smaller
size of Ni** than Co* may be responsible for preferring
its adsorption. Also, the electronegativity (Pauling scale)
of cobalt (1.88) is lower than nickel (1.91) [34].

3.1.2. Effect of metal ion concentration

The adsorption capacity dependence on the initial con-
centration of Ni* and Co* by Cs/XN/AAc-PS and Cs/XN/

AAc sorbents is shown in Fig. 7. It can be noted that the
adsorption capacity values increase with increasing the
initial metal ion concentration from 25 to 150 mg/L. This
indicated that the accessible adsorption sites on the adsor-
bents are sufficient for adsorption. Also, the increase in the
initial metal ions concentration may accelerate the diffu-
sion of Ni*" and Co* ions into the polymeric networks due
to increasing the driving force of the concentration gradi-
ent. The strong connection between the high number of
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metal ions and the available adsorption sites increases the
probability of the interaction between them [35]. The max-
imum g, was found to be at initial concentration 150 mg/L
that was 6.84 mmol/g for Ni** and 3.73 mmol/g for Co*
ions. A comparison of the adsorption capacities of different
adsorbing materials towards Ni** and Co*" is obtained in
Table 1.

3.1.3. Effect of adsorbent dosage

Fig. 8 represents the influence of Cs/XN/AAc-PS and
Cs/XN/AAc sorbent dosages on the adsorption of Ni* and
Co* ions. The results explained that as the adsorbent dos-
age increases, the sorption capacity values decrease. The
maximum capacity was done at adsorbent dosage of 0.1 g.
By extending the adsorbent dose, the active sites become
higher than metal ions. Thus, a decrease in adsorption
capacity was observed [43].

Table 1

3.1.4. Effect of temperature

Fig. 9 shows the influence of temperature on the adsorp-
tion capacity of Ni* and Co* ions. It can be observed that
the adsorption capacity increases as the temperature is
increased where it recorded the maximum value at 60°C.
The mobile species have sufficient energy to undergo inter-
actions with active sites at the surface [44]. The results
pointed to the adsorption reaction is endothermic.

3.1.5. Adsorption in the binary solution

The adsorption capacity of Cs/XN/AAc-PS and Cs/XN/
AAc towards of Ni* and Co* ions in a binary solution to
know the selectivity was done. Table 2 shows metal ions
selectivity by 0.1 g of Cs/AAc and Cs/AAc/PS towards Ni*
and Co* ions at pH 6 and initial metal ion concentration
20 mg/L for each metal ions. It can be observed that the
selectivity towards Ni*" is higher than Co?*" for both Cs/XN/

The adsorption capacities of different adsorbing materials towards Ni* and Co*. Comparison of adsorption Ni* and Co* onto

Cs/AAc/PS nanocomposite with other hydrogels

Metal ions Adsorbent Adsorption capacity (mmol/g) Reference
Ni* Carboxymethyl cellulose hydrogel beads 4.06 [36]
Chitosan 2.71 [37]
Magnetic (2-acrylamido-2-methyl-1-propanesulfonic acid) 1.958 [38]
Poly(N-hydroxymethyl acrylamide/2-hydroxyethyl acrylate) 0.739 [39]
This study 6.84
Co? Modified PVC 3.45 [40]
Zinc(Il) doping chitosan/hydroxyapatite 1.9075 [41]
Carboxylated sugarcane bagasse 0.800 [42]
This study 3.73
0.8
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Fig. 8. Effect of adsorbent dosage on the adsorption capacity of Co* and Ni* by of Cs/AAc/PS composite compared with Cs/AAc
parent hydrogel in 25 mL of initial concentration 20 mg/L at pH 6 and contact time 24 h.
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Fig. 9. Effect of temperature on the adsorption capacity of Co* and Ni* by 0.1 g of Cs/AAc/PS composite compared with Cs/AAc
parent hydrogel in 25 mL of initial concentration 20 mg/L at pH 6 and contact time 24 h.

Table 2

Metal ions selectivity by 0.1 g of Cs/AAc and Cs/AAc/PS to-
wards Ni* and Co* ions at pH; 6, treatment time; 24 h, initial
metal ion concentration 20 mg/L for each metal ions of total
volume 25 mL

Items Ni% Co*
Hydrated radius (A) 4.04 423
(mmol/g) 0.8230 0.6418
Cs/AAc/PS (mmol/g) 2.4200 1.4360

AACc-PS and Cs/XN/AAc, The smaller hydrated radius of
Ni** than Co* ions may be permit to more ions to be near
the active sites on the adsorbent.

4. Conclusions

The Cs/XN/AAc-PS composite was successfully pre-
pared in an aqueous medium using gamma irradiation
technique performed via the free radical mechanism. The
gel content was enhanced by increasing AAc content in the
network matrix. According to the obtained data 10 kGy
irradiation dose is sufficient to cross-link the network
structure. It can be noted that the gel content increases
with increasing the irradiation dose from 10 to 30 kGy
however, a decrease in gel content was observed at rais-
ing the irradiation dose to 40 kGy. The swelling percent-
age was decreased by increasing AAc content and irra-
diation dose except at 40 kGy. The surface morphology
investigation by FESEM confirmed that the surface was
turned from a beehive structure into crushed by add-
ing PS in Cs/XN/AAc-PS composite. DLS examination
revealed that PS is ordinarily distributed, and the aver-
age size is 266 nm. The removal of Ni** and Co* from

aqueous solution by Cs/XN/AAc-PS composite was per-
formed. The adsorption capacity improved with increas-
ing pH from 3.0 to 6.0 where the maximum adsorption was
done. The adsorption affinity towards Ni** is higher than
Co%*, and the maximum adsorption was done at 60°C. It
can be noted that the adsorption capacity increases with
increasing the initial metal ion concentration from 25 to
150 mg/L.
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