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Accepted: June 7, 2018 and used for the Cu(ll) ions removal from water with high efficiency. The

Available online:June 2018  prepared nanocomposite hydrogel was characterized using Scanning
electron microscope (SEM), Fourier transform infrared spectroscopy

FTIR, X-ray diffraction (XRD), thermogravimetric analyzer TGA and

E%é\ﬁgs' mechz_anical properties. A series of systematic patch adsorption
Polyvinyl alcohol experiments were conducted to study the adsorption property of
polyethylene glycol MWCNTs-PEG-PVA hydrogels prepared with different concentrations of
wastewater MWCNTSs. Studying the effects of adsorption parameters such as pH,
hydrogel contact time, and initial concentration were evaluated in a batch system.

The high adsorption capacity, easy regeneration and effective adsorption—
desorption results proved that the prepared MWCNTs-PEG-PVA
composite hydrogel could be an effective adsorbent in removing Cu(ll) ion
from its aqueous solution. The maximum adsorption capacities were found
to be 645.1, 334.4, 238.09 and 185.09 mg g for MWCNTs-PEG-PVA
hydrogel with 0.05, 0.10, 0.15, and 0.2 % MWCNTS, respectively at pH 6.
Isotherm studies revealed that Langmuir model well described the
equilibrium data of Cu(ll) compared with Freundlich isotherm model.
Kinetics studies of Cu(ll) adsorption followed pseudo-second order model.
The removal efficiency of the recycled MWCNTSs-PEG-PVA hydrogel
was 79.3, 76.4, 73.8, 70.1 and 65.5 % for five cycles, which demonstrated
efficient reusability.

INTRODUCTION

Water treatment processes are one of the major basics for developing, growing
the economy as well as maintaining the health. Recently, several efforts have been
made to improve the decontamination of the water from heavy metals, synthetic dyes,
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and aromatic pollutants (EI Nemr et al., 2009; EI Nemr et al., 2010; El-Sikaily et al.,
2012; Maet al., 2017).

Therefore, it is important to find nonconventional ways to remove toxic
contaminants from water with high efficiency and less energy consumption (EI Nemr,
2012). However, the traditional adsorbent materials, including activated carbon,
silica, metal oxides, and polymer resins, suffer from either low adsorption capacities
or low efficiency (Gao et al., 2013). The design of nanostructured adsorbents with
controlled functionalities offers new potentials to address these problems because of
their high specific surface areas and more active sites (Olvera et al., 2017). Carbon
based nanomaterials, especially carbon aerogels, carbon nanotubes (CNTS), graphene,
and their composites, represent a promising type of adsorbents for wastewater
treatment, and have demonstrated their potential applications for removal of a range
of heavy metals and organic contaminants (Sadegh et al., 2017).

Due to the large surface areas, good electrostatic interaction, and excellent
mechanical and chemical properties, the multi-walled carbon nanotubes (MWCNTS)
exhibited higher adsorption capacity for heavy metal ions removal (Brumfiel, 2003).
Otherwise, the residual of nanomaterials if not completely removed are most likely to
cause many side-effects in the environment (Sadegh et al., 2016). As a result, an
additional step, such as filtration (Theron et al., 2008), high-speed centrifugation
(Savage & Diallo, 2005; Dil et al., 2017), or magnetic separation (Machida et al.,
2006), is usually necessary to collect these highly dispersed nanomaterials, which
increase the operational cost in their practical applications.

To overcome the challenges mentioned above, this work aimed to report the
preparation of new MWCNTs-polyvinyl alcohol-polyethylene glycol hydrogel and
study its application for Cu(ll) ion removal from its aqueous solution.

MATERIALS AND METHODS

Materials

PVA (Mw ~72,000 g mol™, 99% of hydrolysis), and PEG (Mw ~2,000 g mol™?)
were purchased from Aldrich and used as received. Nitric acid, sulfuric acid, sodium
hydroxide, copper sulphate pentahydrate, glutaraldehyde and hydrochloric acid, from
El-Nasr Co. Egypt, were used without further purification.

Synthesis and functionalization of MWCNTSs

The MWCNTs was synthesized via chemical vapor deposition (CVD) of
Feso/Coso/ supported by Al,O3 and acetylene as a carbon source. The CVD system
consisted of a horizontal quartz reactor (Nabertherm B180-70 cm long, 5.0 cm in
diameter) housed in a one stage cylindrical furnace. The reactor was heated at the rate
of 50 °C min* to reach the desired temperature under nitrogen gas with flow of 70 ml
min . Acetylene (C,H,) was then passed through the reactor tube at the rate of 30 ml
min* for 60 minutes. The flow of gases was controlled by a mass flow controller.
Then, the reactor was cooled under a flow of nitrogen (40 ml min™) to room
temperature. MWCNT synthesis by Chemical vapor deposition is heterogeneous
reactions in which both solid and volatile products are form from a volatile precursor
through chemical reactions, and the solid products are deposit on a substrate.

The grown MWCNTSs were characterized by SEM and TEM. The oxidation of
MWCNTSs was carried out according to Pham et al. (2011). This treatment produced
carboxylic groups (COOH) on the surface of the MWCNTSs, which help the
dispersion of MWCNT through the polymers.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28335452

A novel nanocomposite for Cu(ll) removal from water 105

Preparation of Hydrogels
MWCNTs-polyethylene glycol-Polyvinyl alcohol (MWCNT-PEG-PVA)

nanocomposite hydrogel was prepared by dissolving PVA (10.0 g) in deionized water
(100 ml) at 90°C under magnetic stirring. PVA solution was left to cool down to
room temperature, then different concentrations of MWCNTSs (0.5, 0.1, 0.15, and 2%)
were dispersed in PVA solution under magnetic stirring, PEG (5 ml) was added to the
solution followed by addition of (10 mL of 2.5% glutaraldehyde solution and 1%
concentrated HCI, which act as the cross linking agent and catalyst, respectively and
continues stirring for 15 min (Abraham et al., 2012). The hydrogel was dried
overnight in an oven at 80 °C until the complete evaporation of its water content.
Characterization of nanocomposite hydrogel

The morphology of the prepared hydrogel was examined by scan electron
microscope (SEM) (JEOL, Model JSM 6360LA, Japan). Fourier transform infrared
spectroscope (FTIR) data were obtained using Bruker VERTEX 70 spectrometer in
the range of 4000-400 cm ™ connected with Platinum ATR unit, Germany, X-Ray
diffractometer (Schimadzu-7000). The thermo-gravimetric analysis (TGA) was
performed on a TGA-50-Schimadzu, Japan from 50 to 600 °C at a heating rate of 10
°C min" under nitrogen gas. The tensile strength and elongation degree of the
hydrogels have been measured with tensile test machine (model: AG-1/50-10KN,
Japan).
Water uptake capacity of MWCNTSs nanocomposite hydrogel

The ability of the MWCNTSs nanocomposite hydrogel to absorb medium was
studied to understand the diffusion of the medium into the hydrogel, which is
essential for heavy metal removal application. The nanocomposite hydrogel was
immersed directly in certain amount of deionized water at room temperature for 120
min, the samples were taken out from water at certain time intervals (every 10 min),
then rapidly dried gently with filter paper to remove the excess water, and
subsequently weighed to define Ws and after the swollen product was dried at 50 °C
to a constant weight (Wy). The percentage of swelling ratio of the product was
calculated as per the following equation (Yang et al., 2008):

)

W.—w
s 74 %100
Wy

Swelling ratio % =

where Ws is the weight of the swollen hydrogel and Wy is the weight of dried
hydrogel.
Batch adsorption experiment

In typical batch experiments, the hydrogels were swelled in 100 mL of Cu(ll)
solution on a rotary shaker at 200 rpm using 250 mL capped conical flasks and
agitated for the required contact time at room temperature (25+1 °C). The pH of the
solution was adjusted by adding appropriate amounts of 0.1 M NaOH or 0.1 M HNO3
to obtain the desired pH. The effect of pH, amount of adsorbent, initial Cu(ll)
concentration, and contact time were studied in order to determine the optimum
conditions necessary for Cu(ll) ions removal from aqueous solution.

The concentration of Cu(ll) was determined through a spectrophotometer using
1-(2-pyridylazo)-2-naphthal (PAN) solution at 550 nm (Sarker & Ullaha, 2013). The
amount of Cu (I1) ions adsorbed at equilibrium ge (Mg g™) was calculated using
equation 2 (Ajitha et al., 2017).
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where Cq represents the initial ion concentrations (mg L ™), Ce is equilibrium Cu ion
concentrations (mg L), V is the volume (L) of the adsorbate solution and m
represents the adsorbent mass in g L.
Recyclability experiment

The adsorbed Cu(ll) ion on the adsorbent was eluted with 0.1 M HCI solution,
then the adsorbent was treated with 0.1 M NaOH solution to neutralize the hydronium
ion (HsO") on the hydrogels, and the adsorbent was further washed with deionized
water (Haung et al., 2012). The regenerated hydrogels were subjected to batch
adsorption in the next cycles.

RESULTS AND DISCUSSION

Characterization of the nanocomposite hydrogel

Fig. 1 (a, b) illustrates the SEM and TEM of MWCNTSs synthesized by the
CVD method. As observed from Fig. 1a, MWCNTSs have appropriate density and are
entangled and free from amorphous carbon. TEM image of MWCNTs (Fig. 1b)
confirms that the CNT is multi-wall and also has highly pure structure, and the outer
diameter is around 20-60 nm. SEM images of surface morphology of PVA-PEG
hydrogel, and MWCNTSs-PEG —PVA nanocomposite hydrogel were reported in Fig. 1
(c, b). It has been observed that there is difference between SEM images for both
hydrogels where there is lighting dots in the scan micrographs in Fig. 1(d) represent
MWCNTSs with uniform dispersion into the nanocomposite.

Fig. 1: a) SEM image of synthesized MWCNTSs, (b) TEM image of MWCNTS, (c) SEM image of
PVA-PEG hydrogel, (d) SEM image of (0.1 %) MWCNTSs-PVA-PEG hydrogel.

Fig. 2 shows FTIR of PVA-PEG, and (0.1 %) MWCNTs-PVA-PEG
nanocomposite hydrogel. The hydroxyl stretching band was observed at 3294 cm™'
and the band at 1088 cm™ was the proof of C-O bond. These two peaks were clear
evidences of the successful attachment of PVA on the MWCNTSs surface [Mansur et
al., 2004]. it was observed that the intensity of these bands decreased with the
addition of MWCNTSs to the polymeric structure and that agreed with the result
reported in 2017 (Ozkahraman & Irmak, 2017). The peaks at 2922 cm ' is the
characteristic band of alkyl (CH in CH,) groups of the polymers PVA and PEG.
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Fig. 2: FTIR of PVA-PEG hydrogel and (0.1 %) MWCNTSs-PVA-PEG nanocomposite hydrogel.

The stretching vibrational bond of C=0 at 1734 cm* increases by adding
MWCNTSs to the hydrogel membrane, which can be attributed to the carbonyl groups
of acid treated MWCNTSs (Yan et al., 2007; Naskar, 2010). The band at 1657 cm'
region is likely due to the conjugation of C=0O with C=C bonds or interaction
between localized C=C bonds, C=0 in carboxylic acids and ketones that indicated the
presence of MWCNTSs, PVA, and PEG (Yan et al., 2007). The absorption band at
1435 cm* is assigned as CH, bending vibration while the deformation vibration of
C-CHs is associated with the absorption band at 1373 cm™ (Suzuki, 2015). The
peaks at 1247 cm™ are due to C-O stretching mode, which are contributions from
both the PVA and PEG.

Fig. 3 shows XRD Result of PVA-PEG, and (0.1%) MWCNTs-PEG-PVA
nanocomposite hydrogel. It was observed that MWCNTs-PEG-PVA hydrogel with
higher and sharper intensity peak (127 a.u.) at 260 = 19.9 that can be explained by the
presence of crystalline MWCNTSs which will contribute to increase the crystallinity of
the polymers (Malikova et al., 2014). Otherwise, the observed peak for MWCNTSs
pattern, was not present in the nanocomposite hydrogel, which indicated the good
dispersion of MWCNTS into the nanocomposite.

350 -
— MWCNT-PVA-PEG

....PVA-PEG
200 -

Intenisty (a.u)

A L) 1
0 20 40 80 80 100
2 theta

Fig. 3. XRD pattern of PVA-PEG hydrogel, and (0.1 %) MWCNTs-PVA-PEG hydrogel.
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Fig. 4 shows TGA at temperature range 25-600 °C for nanocomposites
hydrogels. The weight loss occurred in four temperature zones: > 150; 150-250; 250—
400, and 400-500 °C. The initial weight loss occurred below 150 °C due to the loss
of water content. The major loss in the weight of the hydrogels was occurred between
300 and 500 °C due to the decomposition of the polymers (Abu Ghalia & Dahman,
2015). Incorporation of MWCNTs as nanofiller into PVA-PEG showed higher
thermal stability and char residue than that without MWCNTs which may be
attributed to the incorporation of MWCNTSs that leads to overlapped degradation
region of the polymers and enhanced thermal stability (Naskar, 2010; Yan et al.,
2012).

..... MWCNT-PVA-PEG
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Weight loss (mg)
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Fig. 4: Thermal gravimetric analysis of PVA-PEG hydrogel, and (0.1 %) MWCNTs-PVA-PEG
nanocomposite hydrogel.

Mechanical properties of the hydrogel

The Presence of MWCNTSs in the nanocomposite matrix increases the mechanical
properties of the nanocomposites PVA-PEG hydrogel as reported in Table 1, where
MWCNTs is an ideal reinforcement element. The load of MWCNTs on the polymers
transferred the elastic modulus (0.1-1 TPa) and the axial strength (10-150 GPa) of
MWCNTSs to the composite hydrogel (Yan et al., 2012).

And it was seen that the mechanical properties in this study of PVA/PEG, and
PVA/PEG/ MWCNT were comparably higher than those of the mechanical of poly
(acrylamide-co-sodium methacrylate/ carboxy-MWCNTSs (Liue et al., 2012) as shown in
Table 1.

Table 1: The comparison between the tensile strength of MWCNTS nanocomposites in this study with
the literatures.

MWCNTSs nanocomposite Tensile strength | Elongation % Reference
PVA/PEG 1.2 100 This work
PVA/PEG/ (0.1 %) MWCNTS 2.48 145 This work
polyacrylamide-co-sodium 0.049 74.7 (live, et.al, 2012)
methacrylate/ carboxy-MWCNTS

STYRENE-ACRYLIC/MWCNTSs 16 216 (Volynets, et.al,2017)
PVA/MWCNTS 15 174 (Volynets, et.al,2017)
Cellulose/MWCNTSs 40.7 10.46 ( Lu & Hsieh, 2010)

Fig. 5 shows the swelling behavior of the PVA-PEG, and MWCNTSs-PVA-
PEG nanocomposite hydrogels in distilled water as a function of time. A saturation
value of approximately 248 and 280 % for PVA-PEG hydrogel and (0.1 %)
MWCNTSs-PVA-PEG hydrogel, respectively, were gradually achieved within
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approximately 120 min. The swelling ratio of the hydrogels containing MWCNTS are
higher than that of hydrogel in absence of MWCNTSs and this may be attributed to
MWCNTS that increase the inter space between the polymer molecules and allows
penetration of water molecules into hydrogels network and increases swelling ratio
(Yun, et.al, 2011). MWCNTSs increases the swelling capability of the nanocomposite
hydrogels and this is similar to adding 0.5% MWCNTs to Poly(vinyl alcohol)
(PVA)/poly(acrylic  acid)  (PAAc)/poly(N-isopropylacrylamide)  (PNIPAAmM)
nanocomposite (Jung et al., 2012).
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Fig. 5. Water uptake % of PVA-PEG, and MWCNTSs-PVA-PEG nanocomposite hydrogels

Adsorption experiments

Adsorption processes were carried out to investigate the effectiveness and
efficiency of the new prepared MWCNTSs nanocomposite hydrogels for the sorption
of Cu(lIl) ion from water. The role of various parameters that influence adsorption
such as pH, contact time, adsorbent dose, and initial adsorbate concentration were
investigated to ascertain the ideal conditions suited for Cu(ll) ion removal. kinetics,
and isotherm studies were also carried out by using the data obtained.

Effect of pH.

The extent of adsorption of Cu(ll) ion onto the studied adsorbents was
investigated at different pH values ranging from 3.0 to 7.0, at 200 mg L™ of Cu(ll),
(0.1 %) MWCNTSs into the hydrogel, and at 25 °C. Removal of Cu(ll) ion from
aqueous solution is usually affected by the initial pH of the solution, since it affects
the surface charges present on the adsorbent (Oyetade et al., 2016). From Fig. 6, it
was observed that the efficiency of Cu(ll) ion removal increased when pH increased
from 3 to 6, then the efficiency of Cu(ll) ion removal decreased when pH increased to
pH 7. This may be attributed to that at low pH (pH = 3) an excess H3O" competes
with Cu(ll) ion on the adsorption site resulting in a low level of adsorbed Cu(ll) ion.
When the pH level increases to pH 6, the covered HsO" ions leave the MWCNTSs-
nanocomposite hydrogel surface and made the sites available to Cu(ll) ion. This
condition suggests that an ion-exchange mechanism (H*/Cu?*) may be included in the
adsorption of Cu(ll) ion. In addition, the negative charge on the surface of
MWCNTs-nanocomposite hydrogel increases because the oxygen-containing
functional groups become deprotonated with the increase in pH value. Hence, the
electrostatic attraction between MWCNTs-nanocomposite hydrogel and Cu(ll) ion is
enhanced, and this further increases the adsorption amount of Cu(ll) ion
(Jamnongkan et al., 2014). On the other hand, when the pH reach 7, the adsorption
decrease and this due to precipitation of Cu ion as Cu (OH), (Najam et al., 2016).
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Effect of contact time and adsorbent dose

The effect of contact time on the adsorption of Cu(ll) ion was examined at
varying time intervals, between 10 and 80 min and MWCNTSs dose inside the
hydrogel (0.05, 0.1, 0.15, 0.2 %), while keeping the initial Cu (I1) ion concentration at
200 mg L™ and pH 6.0 using adsorbent constant weight (2.0 g/100 ml). From Fig. 7,
it was found out that the adsorption capacity of MWCNTs-nanocomposite hydrogel
increased with increasing the time. The adsorption capacity gradually increased and
finally reached constant and the adsorption equilibrium was obtained at 80 min. This
can be explained by initially, more active sites are available for adsorption, hence,
enabling faster removal but by the time the binding sites on the surface of the
adsorbents were occupied (Oyetade et al., 2016). Otherwise the removal efficiency of
copper was improved on increasing MWCNTSs doses inside the hydrogel; and this
may provide a greater availability of exchangeable sites for the ions.

250+ —
—e— 0.05 % CNT "
» ~ 0.1%CNT >
- 0.15 % CNt > o
:t 200 + — 0.2 % CNT I
=
o & - -
= 150+ ]
-:—; -
o S
8 -
5 100- -
E oA R R
7 RS S et
2 50 -
0 T T T
0 10 20 30 40 50 60 70 80

time (min)

Fig. 7: Effect of contact time on the Cu(ll) ion adsorption process of different MWCNTs-PVA-PEG
nanocomposite hydrogels.
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Effect of initial adsorbate concentration

Fig. 8 shows the effect of Cu (II) ion concentrations on the adsorption process
using initial Cu(ll) ion concentrations from 50 to 500 mg L dosage and (0.05, 0.1,
0.15, 0.2 %) MWCNTs-PVA-PEG hydrogels at pH 6 for 80 min. It was observed
that an increase in the amount of Cu(l1) ion removed per unit mass from 89.5 to 536.0
mg g}, from 46.0 to 290.0, 31.43 to 206.60 and 24.1 to 165.5 mg g * were obtained
for 0.05, 0.1, 0.15, 0.2 % MWCNTs nanocomposite hydrogels, respectively, after 80
min. higher initial concentrations of Cu(ll) ion enhanced the amount adsorbed due to
the increase of ability to overcome the mass transfer resistance found in the interface
between the solid and solution (Tong et al., 2011). Similar trends for the removal of
Cu(Il) ion from aqueous solution have been reported (Yu et al., 2000; Ekmekyapar et
al., 2006).
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Fig. 8. Effect of Cu(ll) ion concentrations on the adsorption process of different MWCNTs-PVA-PEG
nanocomposite hydrogels.

Adsorption isotherm of Cu(ll) ion

The experimental data were analyzed using the Langmuir and Freundlich
adsorption isotherm models. The Langmuir isotherm model used to study the
formation of a uniform monolayer adsorbate on the outer surface of the hydrogel
adsorbent (Langmuir, 1916). The Langmuir isotherm equation can be described as
per the following linear form equation 3:

Co 1 1
£ — +— 3
g¢  ka@m Qm ° ( )

where C, is the equilibrium concentration of Cu (1) ion in mg L™, g. (mg g %) is the
amount of Cu(l1) ion adsorbed at equilibrium, Qn (mg g™) is the maximum capacity
of monolayer coverage and k, (L mg ) is the constant of Langmuir isotherm.

The Freundlich isotherm model describes the adsorption on a heterogeneous
surface with un-uniform energy (Freundlich, 1906). The Freundlich isotherm can be
described as the following linear equation 4:

logg, = lagkr+i1c:g C. 4

where kg (mg g’l) is the Freundlich isotherm constant and n is the adsorption intensity.

The results of isotherm are shown in Figs. 9, 10 and summarized in Table 2.
Depending on the correlation coefficients, it was found out that the equilibrium data was best
described by Langmuir isotherm model rather than Freundlich isotherm model. The
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adsorption capacity was in order 0.05% MWCNTSs (645.1 mg g‘l) > 0.1% MWCNTSs (334.4
mg g %) > 0.15% MWCCNTS (238.09 mg g ™) > 0.29 MWCNTS (185.09 mg g %) and they
are compared with other carbon materials in Table 3. It was observed that a more significant
increase in sorption uptake of Cu(ll) was obtained by using MWCNTs- PEG-PVA
nanocomposite than that with MWCNTs-Fe,O,4, and other functionalized MWCNTSs. Thus,
the results reported in this study were highly favorable over the data obtained from other
studies in Table 3.
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Fig. 9: Langmuir isotherm model for Cu(ll) ion adsorption on (0.05, 0.1, 0.15, 0.2%) MWCNTSs-PVA-
PEG nanocomposite hydrogels.
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Fig. 10: Freundlich isotherm model for Cu(ll) ion adsorption on (0.05, 0.1, 0.15, 0.2%) MWCNTSs-
PVA-PEG nanocomposite hydrogels.

Table 2: Fitting parameters for Langmuir and Freundlich isotherm models on (0.05, 0.1, 0.15, 0.2%)
MWCNTs-PVA-PEG hydrogels.

Model MWCNTSs-PVA-PEG hydrogel

0.05 % 0.1% 0.15% 0.2%
Langmuir isotherm

Qm (Mg g ) 645.10 334.40 238.09 185.09

Ky (L mgfl) 0.023 0.033 0.038 0.049

R? 0.987 0.996 0.995 0.992
Freundlich isotherm

n 1.96 2.00 2.07 2.26
ke 39.71 24.72 19.86 19.72
R 0.981 0.978 0.978 0.986
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Table 3: Comparison of Langmuir maximum capacity (Q,,) for Cu (lI) ion adsorbed onto various
carbon-structured materials.

Adsorbent Condition Qnm (Mg g‘l) Reference
MWCNTs-PVA-PEG | pH 6, 0.05% MWCNTSs, 80 min 645.10 This work
P-MWCNTSs pH 7.0, 250 mg dose, 120 min. 0.080 (Kosa et al., 2012)
P-MWCNTSs pH 7.0, .125 mg dose, 120 min. 0.398 (Abdel Salam, 2013)
MWCNTs-COOH pH 7.0, 30 mg dose, 120 min, 12.34 (Mobasherpour et al.,
293 K 2014)
MWCNTSs/Fe,O, pH5.5,40 h, 353 K 8.920 (Hu et al., 2011)
MWCNTs-COOH pH 5.0, 50 mg dose, 24 h. 19.44 (Oyetade et al., 2016)
MWCNTs-ttpy pH 5.0, 50 mg dose, 24 h. 31.65 (Oyetade et al., 2016)

Kinetic studies

To investigate the mechanism of Cu(ll) ion adsorption on the MWCNTSs-PVA-PEG
nanocomposite hydrogel surface and examine the potential rate-controlling step, the
capability of pseudo-first order (Lagergren, 1898), and pseudo second order (Ho& McKay,
1999) kinetic models was examined in this study. The two kinetic models can be expressed in
the linear forms as per the following equations 5 and 6:

log(q. — g.) = log (g.) — 7= (1) (5)
t 1 1
PRt R ©

where ¢ and g, are the adsorption capacity at equilibrium and time t, respectively (mg g’l), Ky
(min™) is the rate constant of pseudo first order adsorption, while k; (g mg’1 min’l) is the rate
constant of pseudo second order adsorption. Fig. 11 shows the plot log(qg. — @) against time
which representing the linear form of pseudo-first order kinetic model, and Fig. 12 shows the
plot t/g, against time which representing the linear form of pseudo-second order kinetic
model, and Table 4 illustrate the fitting parameters for the first and second order Kinetic.
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Fig. 11: Pseudo-first-order kinetic plot for Cu(ll) ion adsorption using (0.05, 0.1, 0.15, 0.2%)
MWCNTSs-PVA-PEG nanocomposite hydrogels.
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Fig. 12. Pseudo-second-order kinetic plot for Cu (Il) ion adsorption using (0.05, 0.1, 0.15, 0.2%)
MWCNTSs-PVA-PEG nanocomposite hydrogels.
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The values of the correlation coefficients showed that the adsorption kinetics
fits better to the pseudo-second-order model rather than to the pseudo-first-order
model (Table 4). Therefore, the rate-limiting step for Cu(ll) ion adsorption onto the
prepared hydrogel may be due to the interaction through the sharing or exchanging of
electrons between hydroxyl groups on the hydrogel and Cu(ll) ion (Jung et al., 2012).
Hence, this indicates that the rate of removal of Cu(ll) ion from aqueous solution was
determined by a bimolecular interaction between the adsorbate and active sites on the
adsorbents. Similar results have been reported (Ho & McKay, 1999; Yu et al., 2000;
Mobasherpour et al., 2014) for removal of Cu(ll) ion from aqueous solutions.

Table 4: Fitting parameters for first and second order kinetic for adsorption of Cu(ll) ion onto (0.05,
0.1, 0.15, 0.2%) MWCNTs-PVA-PEG nanocomposite hydrogels.

Conc. of | ge Exp. Pseudo-first order Pseudo-second order
MWCNTS | mgg*
ky(L/min) Qe cal. R’ ko qe cal (Mg g 1) R?
0.05 % 246 0.0480 203.704 | 0.944 | 0.104 248.7 0.985
0.1% 163.2 0.051 164.816 | 0.842 | 0.078 166.5 0.978
0.15 % 113.8 0.065 164.437 | 0.778 | 0.079 114.9 0.979
0.2 % 87.3 0.064 120.226 | 0.733 | 0.087 90.9 0.985

Recyclability test

Five cycles of adsorption—desorption of Cu(ll) ions onto MWCNTs-PEG-PVA
nanocomposite hydrogel were carried out for the initial Cu(ll) ion concentration of
200 mg L™t and hydrogel with 0.1 % MWCNTSs. Desorption of Cu(ll) ions from the
hydrogel adsorbent was carried out via treatment with 0.1 M HCI solution, then
neutralized by 0.1 M NaOH solution and finally washed with double distilled water
for the next cycle and the results are illustrated in Fig. 13. The removal efficiency of
Cu(ll) ions by the regenerated hydrogel is 79.3% for the first cycle and about 76.4,
73.8, 70.1 and 65.5 % for second, third, fourth and fifth cycle, respectively. That
proves the efficient reusability of the newly prepared MWCNTs-PEG-PVA
nanocomposite hydrogel.

90%
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Fig. 13: Five cycles of Cu (Il) ion adsorption—desorption using 0.10 % MWCNTs-PVA-PEG
nanocomposite hydrogel.

CONCULOSION

This study provides the possibility of producing a new adsorbent hydrogel from
MWCNTs- PVA-PEG where SEM image of MWCNTs-PVA-PEG indicated the
good dispersion of MWCNTs into the polymers. XRD result showed that the
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observed peak for MWCNTS pattern, was not present in the nanocomposite hydrogel,
which indicated the good dispersion of MWCNTS into the nanocomposite hydrogel.
Also FTIR results emphasized the attachment of MWCNTSs with the polymers.
Incorporation of MWCNTSs as nanofiller into PVA-PEG hydrogel showed higher
thermal stability and char residue than that without MWCNTSs. In addition the
presence of MWCNTSs into the nanocomposite matrix increased the mechanical
properties and water uptake for the nanocomposites PVA-PEG. The present study
showed the high removal efficiency of MWCNTs-PVA-PEG nanocomposite
hydrogel as adsorbent for the removal of Cu(ll) ions from aqueous solution. The
maximum adsorption of Cu(ll) ions was obtained at equilibrium time of 80 min, and
pH 6. Isotherm studies revealed that Langmuir model described better the equilibrium
data of Cu(ll) ion compared with Freundlich isotherm model. The adsorption of Cu
(1) ion followed the pseudo-second order model rather than the pseudo-first-order
model. The removal efficiency of Cu(ll) ions by the regenerated MWCNTSs-PVA-
PEG nanocomposite hydrogel proved good reusability of the new prepared hydrogel.
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