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Sorption of Thorium Using Magnetic Graphene Oxide
Polypyrrole Composite Synthesized
from Water Hyacinth Roots
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ABSTRACT: Polypyrrole magnetic graphene oxide (PPy/MGQO) composites have been synthesized
from a natural source (water hyacinth roots) using polymerization technique for Th(IV) ions
pre-concentration from aqueous solutions. The effects of controlling factor have been studied using
the batch technique. The obtained results show that the maximum Th(IV) adsorption capacity by
PPy/MGO composite is 277.8 mg/g at pH 4, which is higher than traditional adsorbents.
PPy/MGO composite also presents excellent regeneration/reuse property. The PPy/MGO
was thoroughly characterized by a number of techniques namely, Fourier transforms infrared, Raman,
as well as X-ray diffraction, thermogravimetric and Energy-Dispersive X-ray (EDX). Due to the high
adsorption capacity of Th (1V), PPy/MGO composite can be used in nuclear fuel achievement and

for Th(1V) environmental pollution cleanup.
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INTRODUCTION

Due to the high toxicity of radioactive metals,
especially uranium and thorium, exposure to these
pollutants has been considered a quickly growing
problem for human health, the presence of radionuclides
and toxic metals in wastes is a major environmental
concern. Such wastes arise from technologies producing
nuclear fuels, and from laboratories working with
radioactive materials, hence, removal of these heavy
metals from polluted waters and wastewaters is very
necessary [1-3]. Different kinds of traditional methods
such as ion exchange, membrane filtration,
sorption/adsorption, and solidification, have been applied
to remove uranium and thorium ions from the aqueous
solutions. Among these techniques, the economic

sorption method has been widely used to remove uranium
and thorium ions because it is easy to operate and can be applied
in large scale for possible practical applications.
The sorption of U(VI) on oxides and clay minerals
have been studied extensively [4-6]. Today, there is a growing
interest for potential applications of sorption technology
in metal separations, hydrometallurgy, water and
wastewater treatment, removal and recovery of metal ions
[7-15]. several materials have been used as an adsorbent
as clay minerals [16], silica [17], zeolite [18] which suffer
from either low adsorption capacities or efficiencies
in compared with Graphene that exhibits high efficiency
toward U(VI) and Th(IV). Recent studies indicate
that carbon materials such as activated carbons [19],
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carbon nanotube [20], and graphene [21] exhibit excellent
adsorption capacity towards U(VI) and Th(IV).

Graphene oxides (GO), a kind of one or several
atomic layered graphites, possess special two-
dimensional structures and excellent electrical, mechanical
and thermal properties [22]. Large amounts of oxygen-
containing functional groups such as hydroxyl (-OH) and
epoxy groups (-O-) on the surfaces along with the
carboxyl
(—COOH) groups at the edge sites of GOs are generated
during the Hummers synthesis process [23].

Graphene shows promise as a future material in
sensors, drug delivery, composite materials, hydrogen
storage, catalysis and solar cells due to its electrical,
mechanical, optical and thermal characteristics [24-25].
Graphene Oxide (GO) as a precursor offers the possibility
of cost-effective, large-scale production of graphene-
based materials. Owing to the presence of plenty of
hydroxyl, epoxy, carboxyl and carbonyl groups, oxygen
functionality modifications can establish as active sites
for anchoring ions and complexes [26].

Graphene has strong mechanical, thermal, and electrical
properties, with a theoretical value of specific surface area at
2630 m? /g [27]. Several reviews have been reported on
applications of GO and GNs in different areas such as
physics, chemistry, biology, and materials science [28-31],
however, few reviews on graphene-based materials as
adsorbents for pollutant removal is available [32].

Recently, hybrid graphene-based composites were
synthesized using different materials, such as metal
nanoparticles, boron nitride, metal oxides-based nanostructures
and multilayer graphene [33-36]. Among these
nanocomposites, the impact in the association of
graphene with Au metallic nanoparticles producing
nanocomposites has been much of interest because of
their potential applications in biosensing, energy devices,
catalytic and environmental fields. Polymer-graphene
nanocomposites are very promising because the combination
of graphene and polymer substantially improves
the properties of the nanocomposites [37]. For example,
polymethyl methacrylate/graphene nanocomposite shows
better flame-retardant property than bare polymethyl
methacrylate [38], and polylactic acid/graphene composites
prepared by masterbatch-based melt blending has improved
thermal degradation and combustion properties as compared
with the bare polymer [39].
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This study aims to figure out the preparation and
characterization of PPy/MGO for thorium ions removal
from acidic liquors.

EXPERIMENTAL SECTION
Chemicals and reagents

Th(NOz3)4s.5H,O was obtained from Merck Co.
The stock solution of Th(IV) was prepared by dissolving
appropriate amounts of Th(NO3)4.5H20 in a nitric acid
solution for inhibition of the hydrolysis of Th(IV).
All other chemicals were of analytical grade and used
without further purification. All testing solutions were
prepared with de-ionized water.

GO preparation from Water hyacinth roots

GO nanosheets were synthesized from graphitic material
obtained from Water Hyacinth Roots (WHR) according to
the following: The roots, leaves, and stems of the water
hyacinth collected from river Nile in Mitghamer, Mansoura,
Egypt were separated from each other, the roots were
washed with distilled water then with very dilute acidified
water (3% HCI) and were soaked in 0.25 M EDTA at pH 10
overnight to remove any metal ions adsorbed on the plant
parts and washed with distilled water for several times and
dried in oven at 110°C for 48 h, after that dried plant
(roots, stems, and leaves) were ground and stored
in desiccators till used in adsorption experiments.

Ten grams of dried roots carbonized at 400-500 °C
in the presence of nitrogen for about 8-10 hours, have been
ground by mortar into powder form (about 331 mesh size).

Five grams from the obtained charcoal material have
been mixed with 2.5% FeCls.6H,O (to activate
the charcoal as well as increase the surface area; pH adjusted
at 2), was stirred at 60°C for 5 hours, then left for 2 days
for gradual water evaporation at room temperature and
finally dried at 100 °C for 5 hours to achieve a black solid
material. The obtained graphitized material was ground
by mortar to obtain a powder that was used in the next step.

The prepared graphitized material has been used
as raw materials to synthesize GO using a modified Hummers'
method. For this purpose, 5gm of graphitized material
and 2.5g of NaNO3 were mixed with 108mL H,SO4 and
12mL H3PO,, stirred in an ice bath for 10min. Next,
159 KMnQO4 were slowly added so that the temperature of
the mixture remained below 5°C. The suspension
was then reacted for 2h in an ice bath and stirred for 60min

Research Article



Iran. J. Chem. Chem. Eng.

before being stirred in a 40°C water bath for 60 min.
The temperature of the mixture was adjusted to a constant
98°C for 60min while water was added continuously.
Deionized water was further added so that the volume of
the suspension was 400 mL. 15mL of H,O, was added
after 5min. The reaction product was centrifuged and
washed with deionized water and 5% HCI solution
repeatedly. Finally, the product was dried at 60°C.

Preparation of magnetic graphene oxide MGO

The magnetic graphene oxide has been prepared using
the modified method of Massart [40], where about 100 mL
from ferric solution (0.2 M) has been mixed with 100 mL
from freshly prepared 0.1 M ferrous solution under
stirring with ten gram from the produced porous carbon.
After that, about 100 ml from ammonia solution (30 %)
has been poured to the Fe*¥/Fe*?/GO mixture and stirred
vigorously. A black precipitate has been formed which
was left to crystallize for 30 min under stirring.
The crystallized product has been then washed with
deoxygenated water under magnetic decantation until
pH of suspension became below 7.5. The precipitate
was dried at room temperature to give a black powder and
marked as MGO.

Polypyrrole/magnetic graphene oxide preparation

About 5.4 g FeCl; added to 100 mL water containing
10 gm of MGO and then the uniform solution was
resulted by using a magnetic mixer. After 30 min, 2 mL
from freshly distilled pyrrole monomer was added to the
stirred aqueous solution. The reaction was carried out for
5 h at room temperature. Consequently, the resulted
polymer was filtered on filter paper and to separate the
oligomers and impurities, the product was washed several times
with deionized water and dried at a temperature about 60 °C
in the oven for 24 h. The obtained GO, MGO, and
PPy/MGO composite were characterized by scanning
electron microscopy (SEM), Fourier transforms infrared
spectroscopy (FT-IR).

Characterization

Transmission electron microscopy (TEM) performed
on a JEM-2100 (JEOL) transmission electron
microscope, FT-IR spectra were measured on a Perkin-
Elmer 580B IR spectrophotometer, the specific surface
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area was measured by N, adsorption-desorption at 77 K
on a Quadrasorb SI-MP instrument and Raman spectra

Adsorption experiments

Th(IV) adsorption experiments were carried out
in closed Erlenmeyer flasks of 50 mL using 0.1g of
PPy/MGO and 20 mL of 250ppm Th(NOgs)s solutions,
where the pH values were adjusted to the desired values
by the addition of 0.1 mol/L HCI or NaOH. The flasks
were gently shaken for 45 minutes on Shaker to reach
equilibration. The adsorbents and solution were separated
by centrifugation and the concentration of Th(IV) in the
original solution and left in bulk solution was determined
with a spectrophotometer using Thoron (0.1%, w/v) as
a chromogenic agent at a wavelength of 540 nm [41].
And for more accuracy, the ICP OS has been used for
uranium determination. The adsorption capacity (ge) and
removal efficiency were obtained using the Egs. (1) and

2):

@)
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Where C, and C. are the Th(IV) ions concentration
in the solution initially and at equilibrium (pmol/L),
respectively, V is the volume of the solution (L), m is
the weight of adsorbent (g) and ¢e is the amount of Th(IV)
adsorbed on PPy/MGO at equilibrium (umol/g).

The adsorption experiments were studied in detail under
vary-ing operating conditions, such as the pH value of
Th(IV) solutions(1 — 6), contact time (0—120 min), adsorbent
dosage (2-20 mg), the initial Th(IV) concentration (0.042—
0.646 mmol/L) and temperature (298333 K). Furthermore,
the pseudo-first-order, pseudo-second-order models were
employed to describe the adsorption process. The Langmuir
and Freundlich isotherm models were applied to describe
the adsorption equilibrium at room temperature. The
thermodynamic constants (AH°, AS® and AG°) of the
adsorption process were also evaluated. All the experiments
have been carried out in duplicate and the averaged values
were taken with the standard deviation.
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Samples analysis

Two samples were collected, one from the NMA
laboratory waste and the other samples were collected
from a geological sample obtained from South Eastern
Desert (Abu Resheed area) and complete chemical
analysis was carried out. The latter involved the major
oxides besides the tenor of the economic metal values.
For this purpose, a representative sample portion of
the collected technological sample was properly prepared
by crushing, grinding to —200 mesh size and quartering.
The major oxides were analyzed using the Shapiro and
Brannock [42] rapid silicate analytical procedure.
This procedure involves the preparation of two main
solutions, namely an alkaline one for SiO; determination
and an acid solution for the determination of most of the
other oxides like Al,O3, CaO, MgO, total iron, NaO,
K20, etc. Special sample portions were used for the
determination of the weight loss at various temperatures
to estimate the loss of ignition. These samples subjected
to processing and in Table 1 there are two waste lab
samples provided from the mentioned original sample
after processing.

3. RESULTS AND DISCUSSION
Characterization of the PPy/MGO
Fourier transform infrared FTIR spectra of the prepared
GO and PPy/MGO

The FTIR spectra for the MGO sheets, PPy, and
PPy/GO are shown in Fig. 1. The GO spectrum shows
a broad and intense peak centered at 3385 cm™! and a peek
at 1732 cm™!, are related to the —OH groups and
the carbonyl (C=0) stretching, respectively. The peaks
at 1339, 1223 and 1057 cm™!' are assigned to the O-H
deformation of the carboxyl (C—OH) and epoxide (C-O-C)
groups, respectively. The peak at 1601 cm™ is associated
with the remaining sp? character of graphite [43].
In the case of PPy film, the characteristic peaks are located
at 1530cm™! and 1447cm!, which are due to the anti-
symmetric and symmetric ring-stretching modes,
respectively [44]. Strong peaks near 1143cm™ and
885 cm™ indicate the doping state of polypyrrole, and
broadband at 3000-3500 cm™! describes N-H and C-H
stretching vibrations. Furthermore, the bands at 1030 and
1282cm™! are attributed to C—H deformation vibrations
and C-N stretching vibrations, respectively [45-48].
Compared with the pure PPy, it is clearly observed that
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most of the marked peaks are shifted left when the MGO
was introduced into the synthesis process of PPy. This
reveals that the groups from graphene are associated
to the nitrogenous functional groups of PPy backbone
via the same doping process into the PPy backbone [49].
Herewith, there probably exist interactions such as JI-JI
stacking between polypyrrole backbone and MGO or
hydrogen bonding for the residual oxygen functional
groups on MGO.

Characteristic peaks of both PPy and MGO can be found
in the spectrum of PPy/MGO composite at 1728 (C=0),
1547 (C-C), 1456 (C-N) and 1042 cm!' (C-H).
However, some of the peaks in the composite have been
downshifted, which may be due to the JI-JI stacking
between the GO sheets and aromatic pyrrole rings [50].
These results suggest that GO has been successfully
incorporated into the PPy film.

XRD analysis of PPy/MGO

The crystal structure of the prepared samples has been
identified by X-ray powder diffraction techniques.
As shown in Fig. 2, (GO) intense and sharp peak located at
20= 10.6" is attributed to the (002) crystalline plane of
GO and the corresponding interlayer spacing is about
0.87 nm and this value is larger than the d spacing (0.34 nm)
of pristine graphite (20= 26.5"), as a result of
the introduction of oxygenated functional groups
on the carbon sheets [51-53]. The diffraction peaks of MG
composites are consistent with the standard XRD pattern
of face-centered cubic (fcc) Fe304, indicating
the coexistence of Fe304 and graphene in the MG
composites. Seen from the XRD pattern of the PPy/MGO
nanocomposites, all diffraction peaks are similar to that
of GF nanocomposites, demonstrating the presence of
Fe304 in the composites after polymerization of pyrrole
monomers in acid solution also the new peak is situated
at 25°, almost the same as that of pure PPy, which
was ascribed to the diffraction peak of PPy.

Additionally, the peak ascribed to GO within these
nanocomposites disappeared, illustrating the complete
coating of PPy between the layered GO [54].

Raman spectroscopy of PPy/MGO

Raman spectroscopy has been acknowledged as an essential
tool for gaining insight about the structural characteristics
and properties of carbonaceous materials [55-61].
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Table 1: Chemical analysis of major oxides (wt %) of sample 2.

/Sample no. (%) SiO, Al,O4 TiO, P,0s Fe;0s3 CaO MgO Na,O K0 Loss of Ignition
Sample 1 67.24 12.73 0.028 0.17 41 37 2.2 4.62 29 0.92
\_ Sample 2 63.58 14.06 0.036 0.11 24 4.2 4 7.43 2.83 1.33 Y,
Table 2: Chemical specification of the collected waste samples.
f Parameter NMA waste sample 1 (ppm) NMA waste sample 2 (ppm) \
pH 48 32
Ca™ 1425 2369
Mg*2 189 809
Na* 67628 52630
K* 872 634
cr 61349.7 82271
CO5? 131 99
HCOs 1925 1456
SOs 3225 6271
Th# 331 77.8
Us* 77.8 331
Pb- 6.5 9.5
cre+ 8.2 13.7
Co* 16 3
Cu* 8.9 7
\_ M2 53.9 11 )

Fig. 3 shows the Raman spectra of prepared graphite
(GF), GO, PPy/MGO in the region of characteristic D
and G bands. In the spectrum of prepared graphite, the
peak at 1580 cm-1 (G band) corresponds to an Exq mode
of graphite and is related to the vibration of sp-bonded
carbon atoms in a 2D hexagonal lattice. The peak at 1350
cm-1 (D band, the breathing mode of k-point phonons of
Aig symmetry) is associated with vibrations of carbon
atoms with dangling bonds in plane terminations of
disordered graphite. Comparing with raw graphite,
the G mode of GO becomes weaker and broader,
suggesting a higher level of disorder of the graphene
layers and defects increased during the functionalization

Research Article

process. Besides, the ratio of the intensities (Ip/lg) for GO
samples is markedly increased, indicating the formation
of some sp? carbon by functionalization.

This phenomenon may be attributed to the significant
decrease of the size of the in-plane sp? domains due to
oxidation and ultrasonic exfoliation and partially ordered
graphite crystal structure of graphene nanoplatelets.
The spectrum shows the D and G bands in the ratio expected
for GO and is consistent with data previously reported.
As for magnetic nanoparticles, comparing with data
in the literature, [62-63].

Upon introducing PPy to GO, a decrease in peak
intensity of the D and G bands of the PPy— MGO
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Fig. 1: FTIR spectra of GO, PPy and PPy/MGO.
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Fig. 2: X-ray diffraction patterns of the pristine graphene
oxide (GO), magnetic graphene oxide (MGO), polypyrrole
(PPy) and PPy/MGO.

spectrum is observed, which reveals the p—p interaction
between the PPy and the GO sheets [64]. This may be
attributed to the presence of localized sp3 defects within
the sp2 carbon network, which shows a possible
agreement with the chemical grafting of polymers to
the GO surface [65].

Thermogravimetric analysis of PPy/MGO

For further investigation, the thermal stability of
the GO, PPy/MGO, and PPy, thermogravimetric
measurements has been used; the plotted results in Fig. 4,
show typical steps of weight loss for PPy in the air. The
pure PPy is stable in the temperature ranging from 30°C
to 250°C and shows only about 10% mass loss of residual
water. However, a rapid change in mass takes place
in the range from 250°C to 670 °C, which corresponds
to polymer degradation. As shown in Fig. 3, GO starts
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Fig. 3: Raman spectra of graphite (GF), GO and PPy/MGO.

100
90
80
70
60
50
40
30
20
10

Residual mass

0 100 200 300 400 500 600 700
Temperature (°C)

Fig. 4: Thermogravimetric analysis of GO, PPy and
PPy/MGO composite.

to lose mass upon heating even below 80°C-100°C owing
to water between the layers in GO; a second major mass
loss occurs at about 210°C, presumably due to pyrolysis
of oxygen-containing functional groups such as COOH
and COH, yielding CO,, CO, and water [66, 67]. Another
mass loss happens at about 490°C because of carbon
combustion [68]. In the case of the PPy/MGO composite
in Fig. 4, the first small section of weight loss from 30°C
to 100°C arises mainly because of the expulsion of
absorbed water and the free acid in the PPy. The second
step for weight loss, at about 200°C, is due to pyrolysis of
COOH and COH. However, more mass remains for the
PPy/MGO composites than the pure PPy at temperatures
greater than 420°C due to the existence of a carbon net
structure, which can improve thermal stability and
effectively reduce the decomposition rate of PPy/MGO
above 420°C.
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EDX pattern of PPy/MGO composite

Fig. 5 shows the typical EDX pattern of nanoparticle
PPy/MGO before and after thorium adsorption which
indicates the appearance of two peaks of 3.2 and 3.9 kev
as a result of adsorption of thorium on the surface of
PPy/MGO composite.

Factor affecting the adsorption of thorium on the
surface of PPy/MGO
Effect of pH

The solution pH is thought to be a significant factor
affecting the metal ions sorption on the sorbent because it
obviously influences the species of metal ions together
with the surface charge and the active sites of the sorbent
in the solution

Fig. 5 shows the effect of pH on the adsorption of
Th(IV) on PPY/MGO, The removal efficiency of Th(IV)
increased sharply with an increase of pH from 1 to 4 and
got a maximum value at pH 4.5 and being constant after
that but from pH 4.5 white precipitate formed from
thorium so that these results after pH are excluded [68].

The adsorption efficiency of Th(lIV) is low at pH
value below 1-3 due to the protonation of residual oxygen-
containing groups on PPy/MGO (such as hydroxyl group)
and the competition between H* and Th(IV) ions for the
same adsorption site [69-71]. It should be noted that
thorium ions may convert to hydroxide complexes at high
pH value, the main species is Th(IV) at pH 4.0 and
Th(OH)?*at pH 4.5 [72]. Hence, pH 4.0 for Th(lV)
adsorption was selected in the following studies. The pH
value is limited within 4 in case of a soluble form of
Th(IV) ions due to these ions will be converted into
insoluble species according to solubility calculations [48].

It is well known that Th(IV) can easily form
precipitation at pH > 4 because of the low solubility of
Th(OH)s (Ky=2.0 x107%%). At pH < 4, the adsorption
percent of Th(IV) reaches to about 92%, so the removal
of Th(IV) from solution to PPy/MGO is not attributed to
the precipitation [73]. The results of thorium sorption on
PPy/MGO are a quite strong surface complexation rather
than cation exchange contributes mainly to thorium
sorption. Th* and Th(OH)®" are the main species and
each contributes 50%; at pH < 4, Th* and Th(OH)®* are
the predominating species. The species of Th(IV) as a
function of pH values are shown in Fig. 7 according to
Moulin, C., et al. [74].
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Fig. 5: EDX pattern of PPy/MGO before and after thorium
adsorption.
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Fig. 6: Effect of solution pH on Th(lV) adsorption efficiency
on PPy/MGO using two different concentration (100 and
250 ppm, room temperature, 30min. contact time, 0.1 gm
composite, 20 ml sample).
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Fig. 7: Chemical Speciation of Thorium after Moulin, C.,
et al. [74].
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Fig. 8: Effect of adsorbent dosage on the adsorption of Th(1V)
on PPy/MGO. (pH 4, 20 mL sample, room temperature, 20 min
contact time)

The main problem here is that Th forms very
insoluble hydroxides even at low pH..In this regard, low
concentration of thorium does not reach 500 mg/L and
no additive as oxalate helps thorium to still soluble at all
the different pH. With respect to thorium hydroxide
precipitation has been applied only at ph 7.

Sorbent Dosage

The effect of adsorbent dosage on the adsorption of
Th(IV) on PPY/MGO is studied in the range from 0.1 to
0.5 gm of sorbent dosage. As shown in Fig. 8,
the adsorption capacity of Th(IV) decreased with the increase
of the adsorbent dosage from 0.2 up to 0.5 gm [45,46].
When the adsorbent dosage is higher than 0.1 g,
the adsorption capacity of Th(IV) on PPy/MGO
is not significantly altered and due to the increase of the dose
with the same constant concentration of Th (IV)
on the medium. So, 0.1 gm of PPy/MGO is chosen for
the subsequent experiments.

Effect of contact time

The effect of contact time on the adsorption of Th(IV)
studied on the range from 5 to 60 minutes was plotted in
Fig. 9. The adsorption was rapid at first and then reached
equilibrium within 30 min. The short equilibrium time
indicates high efficiency and economic feasibility of
the sorbent for industrial applications.

In order to investigate the controlling mechanism of
the adsorption process, the pseudo-first-order and pseudo-
second-order kinetic models are used to evaluate
the experimental data obtained from batch Th(IV) removal
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Fig. 9: Effect of contact time on the Th(IV) adsorption.
(pH 4, 20ml sample, room temperature, 0.1 gm. sorbent
dosage).

experiments. Pseudo-first-order kinetic model and pseudo-
second-order kinetic model are shown in Egs. (3) and (4) [33].

Pseudo —firs—order : In(q, —q; ) = Ing, —kyt (3)
Pseudo —second —order :t/q, =1/k,q2 +1/q,t 4)

Where ge and gt are the amounts of Th(IV) adsorbed
(mg/g) at equilibrium and at time t (min), respectively.
ki (mint) and k. (g/mg/min) are the rate constants of
pseudo-first-order and  pseudo-second-order  rate
constants, respectively.

Kinetic parameters are calculated and shown in Table 3
and (Figs. 10 and 11). Results clearly indicate that
the rate of adsorption of Th(IV) onto PPy/MGO
composite depends on the initial concentration of Th(IV).
The applicability of these models was quantified from
the coefficient of determination, R? values. The values of R?
show that the pseudo-second-order can describe
the experimental data better than the pseudo-first-order
model. Moreover, the theoretical ge values calculated
from the pseudo-second-order model are close to
the experimental data. These results confirm the validity of
the pseudo-second-order model to the adsorption system,
suggesting the main adsorption mechanism of chemical
adsorption.

Effect of Initial thorium concentration

The effect of initial thorium concentration was studied
by using a range of initial thorium concentrations
between 50 and 3000 mg/L at three fixed temperatures
(298, 323 and 333 K). As shown in Fig.12, the Th(IV)
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Table 3: Pseudo-first and second order model parameters of Th(IV) sorption onto PPy/MGO.

First ordered Kinetic

2nd ordered Kinetic

KI C|ma><(cal) r

qmax(exp) KZ qmax(cal) r

\_ 0.114 2731 0.8117

24.9 0.007 25.19 0.9931 )

1.5

H e . y=-0.0495x + 14363
0.5 ¢ RP=08117

-0.57

log (qt-ge)
5
N

-1.51

-2.5°

Time (min.)

Fig. 10: First order kinetics plot for the adsorption of Th (1V)
onto PPy/MGO composite. (pH 4, 20 mL sample, room
temperature, 0.1 gm. sorbent dosage).

uptake capacity increase with the increase in the initial
thorium concentration. This may be due to higher metal
ion concentration-enhancing the driving force to
overcome mass transfer resistance between the aqueous
and solid phases [75]. Further, it is observed that
the temperature has a slightly positive effect on the
adsorption of thorium using PPy/MGO indicating that the
process to be endothermic in nature.

Sorption isotherms

The sorption isotherms of Th(IV) ions on PPy/MGO
composite are shown in Figs. 12, 13. In order to better
understand the sorption mechanism, the experimental
data are simulated by the Langmuir and the Freundlich
models [47]. The Langmuir model assumes that
the surface and bulk phases of homogeneous sorbents are of
ideal behavior and has been widely used to describe
the monolayer sorption process. It is expressed as:

C.__1 .G

de DQmax Qumax

Where Qmax (in milligrams per gram) represents the
maximum amount of metal ions per unit weight of
adsorbent to form a complete monolayer on the surface,
b is the equilibrium adsorption constant or Langmuir

®)
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Fig. 11: Second order kinetics plot for the adsorption of
Th (1V) onto PPy/MGO composite.(pH 4, 20 mL sample, room
temperature, 0.1 gm. sorbent dosage).

sorption coefficient that represents enthalpy of sorption,
Qe is the number of metal ions adsorbed by adsorbent at
equilibrium, and C. is the equilibrium concentration of
thorium ions.

The linearized Freundlich model is:

Ing, :Ink+(%)InCe (6)

Where 1/n is an indicator of isotherm nonlinearity
corresponding to the sorption intensity at a particular
temperature and k (mg'™ L" g') is the Freundlich
sorption coefficient related to the sorption capacity of
PPY/MGO.

The linear dependency of the Langmuir model and the
Freundlich model of Th(IV) sorption on PPy/MGO
composite is shown in Figs. 13 and 14. The relative
parameters are listed in Table 4.

Although the correlation coefficient R? of Freundlich
isotherm is higher than Langmuir isotherm but
the theoretical uptake obtained from Langmuir is so close to
experimental uptake which means that Langmuir
isotherm shows a better fitting model compared to
Freundlich isotherm. The high correlation coefficient of
Langmuir isotherm indicates that Th(IV) ions strongly
adsorbed to the surface of PPy/MGO composites
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Table 4: Parameters of Langmuir and Freundlich models of Th(IV) sorption on PPy/MGO composite.

Langmuir isotherm

Freundlich isotherm

Temp. °'C

Om

RZ

Qe

Ks

1/n

RZ

25

0.0075

270.27

0.8971

256.5

3.245

0.4145

0.9907

50

0.0086

273.16

0.8788

261.09

2.884

0.4968

0.9921

\_ 60

0.0179

277.8

0.8871

264..98

2.881

0.5066

0.9905

J
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Fig. 12: Effect of initial thorium concentration on Th(1V)
adsorption efficiency onto PPy/MGO composite. (pH 4, 20mL
sample, room temperature, 0.1 gm. sorbent dosage and 30 min
contact time).

and the adsorption is monolayer adsorption. It is verified
that PPy/MGO has great potential to be a good adsorbent
for the removal of thorium ions.

As an important parameter of sorbents, excellent
dispersion can extend the number of binding sites
in aqueous solutions.

The diffusion property of PPy/MGO composites is much
better than that of PPy polymers. This is attributed to the
nitrogen and oxygen-containing functional groups on the
surfaces of PPy/MGO composites, which reduces the
aggregation of PPy/MGO particles caused by van der Waals
forces. A much smaller particle size provides a much higher
specific surface area, resulting in the higher sorption capacity
of PPy/MGO composites than that of PPy polymers. Besides
the large surface area and excellent dispersion property, it is
reasonable that the functional groups, especially the nitrogen-
containing groups, can form strong complexes with Th(IV)
ions [76-77]. All these results clearly indicate that PPy/MGO
composites are suitable and promising  materials
in the preconcentration and removal of Th(IV) ions from
agueous solutions.
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The degree of suitability of the adsorbent towards
metal ions was estimated from the values of separation
factor constant (R.) (equation 7) which gave indication
for the possibility of the adsorption process to proceed as
follow: R. > 1 unsuitable; R = 1 linear; 0 < R. < 1
suitable; R = O irreversible.

The values of R, lie between 0.727 and 0.0425 which
indicate the suitability of the adsorbent for Th(IV) from
aqueous solution.

Also, the observed increase in K_ values with
temperature indicates that the adsorption reaction
has endothermic nature. This can be confirmed by the
calculation of the thermodynamic parameters.

R, =1/(1+K.C,) @
_AH —AS

INK, =— 4 8

LT ORT R ®

AG® = AH° —TAS® 9)

Thermodynamic parameters (AH®°, AS°, and AG’)
were calculated from the equations listed previously and
their values were tabulated in Table 5. The obtained results
show that the increase in the negative values of AG® with
increasing temperature gives an indication that the
adsorption process became more favorable at a higher
temperature. At all studied temperature the values of | AH’ |
< | TAS’|. This indicated that the adsorption process was
dominated by entropic rather than enthalpic changes.
The positive values of AH® indicate that the reaction was
an endothermic adsorption process. The positive value of AS®
could be explained by the increased degree of randomness.

Elution efficiency

The desorption experiments of Th(IV) ions are carried
out by rinsing the PPy/MGO composites adsorbed Th(IV)
ions with a series of concentrations (0.001, 0.01, 0.1, 0.5,
1.0 M) of HCI and HNOs; solutions for 6 h under
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Table 5: Thermodynamic parameters for adsorption of Th(IV) on composite at different temperatures.

( AH’ (kd/mol) AS’ (I/mol K) AG" (Kl/mol) ~
298 K 323 K 333 K
825.01 3781
-10.44 -11.39 A7)
2.57 ¢ 28 "33 4 333 34 . 208 . 323 s a5
2.5
Y(298) 2 3
&
5 o> 151
3 Yo = Yiese) = 0.4145x + 11771
S 14 R?=0.9907
: Yz = 0.4968x + 1.0592
- R?=0.9921
051 Yisas = 0.5066x + 1.0583
R?=0.9905
’ ) y i T " 0 . . . . : .
’ 10 200 30 400 500 0 0.5 1 15 2 2.5 3
ce log Ce

Fig. 13: (a) Langmuir isotherms and of Th(IV) ions on PPY/MGO composites. (pH 4, 20 mL sample, room temperature,
0.1 gm. sorbent dosage and 30 min contact time). (b) Freundlich isotherms and of Th(1V) ions on PPy/MGO composites.
(pH 4, 20 mL sample, room temperature, 0.1 gm. sorbent dosage and 30 min contact time).

continuous stirring Fig. 14. Then the composite separated
by centrifugation and the concentrations of Th (IV) in
solutions determined with UV Vis spectrophotometer
using Thorin as a reagent. The experimental results show
that 1M HCI solution is the best eluent giving the best
efficiency in comparison with the other concentrations,
indicating that PPy/MGO composites have a good
desorption property for Th(IV) ions under 1.0 M HCI
solution, which is suitable for the reusability of the
PPy/MGO composites in real possible applications.

The chemical stability of PPy/MGO in acid and
alkaline media was tested by shaking a 0.5 g portion of
the composite in turn with 100mL of 1M HCI and 1M
NaOH for 24h. The composite was then filtered off
and washed with water. The adsorption capacities after
the treatments were reduced by only 5-7%, which
were denoted as desirable stability of the composite.
No obvious change of composite was observed in the
experimental process.

The reusability through sorption-desorption cycles
for heavy metal ions and radionuclides is a key factor
for applications of sorbents with long-term performance.
The above results indicate that the PPy/MGO composites
can be regenerated very well with 1.0 M HCI solution.

Research Article

The recycling times of PPy/MGO composites for
the removal of Th(IV) ions are also investigated. As shown
in Fig. 15, the concentration of HCI solution used
for desorption was chosen to be 1.0 M after Th(IV) sorption.
The suspension of PPy/MGO composites is shaken
for 6h, separated by centrifugation. this experiment also
displays that the adsorption capacity could maintain
above 90 % of its initial capability after three cycles and
above 80 % after three cycles. The result here illustrates
that PPy/MGO composites have high stability and can be
used as regenerated availability adsorbents in the
preconcentration and sorption of Th(IV) ions from
aqueous solutions in possible real applications.

Application on the NMA laboratories wastewater

To investigate the applicability of the prepared
PPY/MGO composites to remove Th(IV) contaminant
from wastewater samples obtained from NMA
laboratories, and the geological sample collected from
the southeastern desert (sample 2).

The application of the adsorption carried on under
fixed conditions; contact time 30 min, pH 4 and at 60 °C
temperature. 20 mL solution is contacted with 0.1g from
the PPy/MGO, after equilibration, the solution filtered
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Table 6: Effect of PPy/MGO on the thorium concentration of the collected samples.

NMA waste sample 1 Sample 2

Th** conc. before treatment with PPy/MGO

77.8 331

\_ After treatment

Under detection limit Under detection limit Y,

100+ ——HCI —=—HNO3

901
801
701
601
501
401
30+
201
101

0 T T T T T T
0 0.3 0.6 0.9 12 15 18

Conc., M

Elution %

Fig. 14: Effect of HCI and HNOs concentration on elution of
Th(1V) loaded on PPy/MGO composites.

and analyzed for the thorium concentration and it is found
that nearly all the thorium ions have been adsorbed
on the PPY/MGO. From the obtained data (Tables 6),
it is clear that the prepared PPy/MGO is efficient
in thorium removal from waste effluents with efficiency
exceed 99.99%.

CONCLUSION

PPy/MGO is used to modify GO surface successfully
by polymerization technique. The batch adsorption results
demonstrated that PPy/MGO composites present
excellent Th(IV) adsorption properties from aqueous
solutions. The adsorption of Th(IV) from aqueous
solutions onto PPy/MGO composites is pH dependent
whereas independent of competitive cations. Due to the
unique and tunable physicochemical properties, such as
(a) high selectivity for trace level Th(IV), (b) excellent
stability in aqueous solutions, and (c) easily regenerated
with a simple and environment-friendly method,
PPy/MGO composites can be used as promising
adsorbents for the preconcentration and extraction of
Th(lV) from aqueous solution, wastewater and from
geologic samples.
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Fig. 15: Recycling of PPy/MGO composites for the removal of
Th(IV) ions.
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