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A new modified multiwalled carbon nanotube (I-Arg-CS/MWCNTs-COOH/FesO4) as sorbent of
dispersive solid phase extraction (DSPE) was synthesized for preconcentration and determination of Cu
(1), Pb (1), and Cd (1) in wastewater samples. The successful formation of sorbent was characterized
by FTIR (Fourier transform infrared) spectroscopy, SEM (Scanning electron microscope), and XRD
(X-ray diffraction). Batch experiments such as solution pH, amount of adsorbent, extraction time, type
and volume rate of eluent and etc were achieved to study the sorption process. At optimized conditions
the adsorbent shows good recovery with 4mL ethylene diamine tetra acetic acid (EDTA) as eluent.
Good fitting of sorption Kinetics by pseudo-second-order model was obtained. Limits of detection were
found in the range of 0.10-0.12 pg L™ for metal ions, the liner range was 5-1000 pg L™* for Cd(ll) and
10-1000 pg L* for Cu(Il) and Ph(Il) and the preconcentration factor 60, 65 and 55 for Cu(ll), Pb(ll)
and Cd(ll), respectively. The relative standard deviation was in the range of 1.5-2.3 %. Results showed
that the new magnetic nanosorbent was an efficient DSPE adsorbent for preconcentration and
determination of Cu (1), Pb (11), and Cd (1) in wastewater samples.

INTRODUCTION

Today, the industrialization of societies pays a
heavy price for human beings, especially in the case
of environmental water crises,%? One of the water
pollutants is related to heavy metals, which, even in
small quantities, can cause serious problems in

water pollution.> Heavy metals can accumulate
through the food chain, and eventually enter the
human circulatory system and other organisms,
threatening their health.* Various common methods
including adsorption, precipitation, ion exchange,
filtration, solvent extraction, and membrane
separation have been used to remove heavy
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metals.>® Solid phase extraction (SPE) is preferred
over conventional extraction and preconcentration
methods due to low reagent consumption, high
speed, cost-effectiveness, high selectivity, and good
sensitivity.”® However, magnetic solid phase
extraction ~ (MSPE)  for  extraction  and
preconcentration of various metal ions has received
much attention.’® In this method, magnetic
nanosorbents are easily separated from sample
solution by a magnet without centrifugation or
sample purification which makes this method faster
than SPE.™

Since the discovery of carbon nanotubes(CNTS)
in 1991, with unique properties such as the above
dimension ratio, easy operation, chemical stability
and good compatibility have been highly regarded.*
Functional groups such as hydroxyl and amine are
available on CNT as active sites and they also
increase the adsorption capacity of metal ions
through various mechanisms such as ion exchange,
chelation or complexation,®*> Raw carbon
nanotubes disrupt strong van der Waals interactions
in adsorption due to their insolubility and dispersion
in all solvents,'? Chemical modification of CNT can
increase dispersibility and also improve the metal
adsorption and selection in SPE,*18 Chitosan is a
natural polymer with many properties such as good
abundance, low cost, non-toxicity  and
biocompatibility.’® Through the alkaline distillation
of chitin, which is the main component of crab,
shrimp and krill shells, it is produced and supplied
at a low price.?2! Chitosan is a suitable polymer to
modify CNTs for wastewater treatment.?>?* Also,
compounds containing oxygen, nitrogen and sulfur
have been used extensively to remove the limitation
of chitosan adsorption capacity and its surface
modification.?

In this work, a new magnetic nanosorbent was
synthesized as an adsorbent for dispersive solid
phase extraction(DSPE) to shorten the time of
sample preparation and also facilitated the
separation of Cu(ll), Pb(ll) and Cd(Il) in industrial
wastewater samples and then determination by
flame atomic absorption spectroscopy(FAAS).

Modification of nanotubes by chitosan has
already been studied, e.g., by Tang et al., % but in
this work, by binding I-Arginin (I-Arg) (which is a
biocompatibility and low cost amino acid) to
chitosan, the functional groups(—COOH, —NH; and
—NH-) for the adsorption of metal ions were
increased, and also because of the magnetism of the
adsorbent, the separation was very simple and fast.

The synthesized magnetic nanosorbent was
characterized by SEM, XRD and FT-IR and it was

found the investigated method was good for
preconcentration and determination of target metal
ions in industrial wastewater samples.

EXPERIMENTAL

1. Reagents and materials

Chitosan (deacetylation rate > 90%) was purchased from
Sigma-Aldrich  (Darmstadt, Germany). A Carboxylated
multiwalled carbon nanotube (MWCCNT) was obtained from
Sigma-Aldrich (Darmstadt, Germany. Solutions of Cu(ll),
Pb(11) and Cd(Il) were prepared individually by dissolving an
appropriate amount of the (Pb(NOs)2), (Cu(NO:)..3H:0) and
(Cd(NOs)2) by purity > 99.5% ( Merck (Darmstadt, Germany)
in 1% HNOs and mix working solution was prepared by Step
by step dilution of the stock solutions. Glutaraldehyde 25%
(purity > 99.5%) and ethylene diamine tetra acetic acid
(EDTA) (purity > 99.5%), I-Arginine (purity > 99%) were
prepared from Merck (Darmstadt, Germany). 2 ml of
1.0 mol L acetate buffer was added to adjust the pH of the
solutions.

2. Instruments

The Fourier transform infrared (FTIR) spectra were
recorded in the range 4000-400 cm™ using the KBr pellet
technique (Thermo, AVATAR, Massachusetts, USA). A
supermagnet with 1.2 T magnetic field, N35 model from
Tehran Magnet (Tehran, Iran) was used for magnetic
separation. A flame atomic absorption spectrometer (FAAS)
(Varian Spectra AA 200, Australia) was applied to
determination of metal ions. A scanning electron microscope
(SEM, PHILIPS, CM120, Amsterdam, Netherlands) was used
for the surface morphology of the nanosorbent.

3. Synthesis of the magnetic nano sorbent

3.1. Synthesis of the Fes04 /IMWCNTs-COOH composite

0.08 g of FeCl2 and 0.216 g of Fecls were dissolved in 200
mL of deionized (DI) water. 0.04 g of MWCNTs-COOH was
added to the homogeneous mixture and heated to 50°C for 20
min under the N2 atmosphere. After cooling, the black mixture
was dispersed in ultrasound for 20 min. 1.0 mL NHs was
added to previous solution and heated to 50 °C for 40 min
under the N2 atmosphere. The solution was washed three times
with DI water and the solution was separated from the
precipitate by a magnet and dried in a vacuum oven at 80°C.

3.2. Synthesis of the I-Arg-CS

1.0 g CS powders were dissolved in100 mL aqueous acetic
acid solution (2.0%, v/v). 100 mL NaOH 0.25 mol L was added
to the previous stirring solution. After precipitation the product
was washed with acetone and suspended in 100 mL acetone. 5
mL epoxy chloropropane was added to the above suspension and
stirred continuously at 25 °C for 24 h. 2.00 g I-Arg dissolved in
40 mL DI water and was added into the above solution system
and refluxed for 7 h at 50 °C. Then 0.25 g I-Arg dissolved in 10
mL DI water. Then, 30 mL NaOH 1.00 mol L™ and 0.05 g KI
were added, and the mixture was stirred for 5 h. The product was
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cooled, washed with DI water and acetone. Finally, the residue
was dried in a vacuum oven at 50 °C.

3.3. Synthesis of the I-Arg-CS/MWCNTs-COOH/Fe304

1.0 g of I-Arg-CS, 1.0 g of FesOs IMWCNTs-COOH, and
0.4 mL glutaraldehyde were dissolved in 400 mL of acetic
acid(2.0%, v/v) and mixed for 40 min at 40 °C under the N2
atmosphere. Then 1.0 L DI water and 120 mL of 0.10M NaOH
were added to the mixture and stirred for 30 min under the N2
atmosphere. After cooling the solution, the water was removed
from the sponge-like mixture with a pipette. The magnetic
nanosorbent was dried at 80 °C in a vacuum oven for 12 h and
powdered. Scheme 1, shows the form of the adsorbent.

EDTA for 5 min before determination by atomic absorption
spectrometry. All the experiments were performed 3 times.
The adsorption % was calculated by equation (1):

R% = ((C" ~Cr )/ ¢ % 100) ©)

where Ci is the initial concentration of metal ion in mg L-* and
Ct is metal ion concentration (mg L) after adsorption.® 27

RESULTS AND DISCUSSION

1. Characterization

4. Preconcentration procedure experiments 1.1. IR spectra analysis

The FTIR spectra of Fes0s /IMWCNTSs-COOH,
I-Arg-CS, I-Arg-CS/IMWCNTs-COOH/Fe;04 and
I-Arg-CS/IMWCNTSs-COOH/Fe;04-Cu are shown

Typically, 10 mg of the nanosorbent was added to 100 mL
of the mixed metal ions solution in a 150 mL flask and the pH
was adjusted to 6 with buffer solution, stirred for 6 min by
mechanical stirring, and then the solid phase was separated

with a magnet. The metal ions were desorbed with 4 mL of in Fig. 1.
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Fig. 1- FT-IR spectra of FesO4 /IMWCNTs-COOH, I-Arg-CS, I-Arg-CS/IMWCNTs-COOH/Fe304 and I-Arg-CS/MWCNTSs-
COOH/Fe304-Cu.

In  FesO4/MWCNTs-COOH  spectrum, the areas 1520 cm™ and 1302cm™ may be related to

stretching vibrations at 3435 cm™, 2919 cm™,
1575 cm™, 1113 cm™ and 574 cm can be related
to the stretching vibration of hydroxyl, aliphatic
O-H, CH —-C0O C- O and Fe-O,
respectively.?*? In |-Arg-CS spectrum, peaks in

asymmetry and symmetry stretching vibration of
—COO— in I-Arg. The peak at 1073 cm™ assigned
to the stretching vibration of —C—N. In fact, it was
the reaction between —Cl and —NH..2 The peak at
1441 cmtin FTIR spectra of I-Arg-CS/MWCNTSs-
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COOH/Fe304 can be attributed to N—H bending
vibration of amino. Two peaks at 1385 cm™ and
1030 cm™® are probably related to C— O and the
bridge between OH of the CS and C—O—C groups,
respectively.?* Probably, decreased the intensity of
peaks at 1441 cm™ and 1073 cm™ in the I-Arg-
CS/MWCNTs-COOH/Fe;0.-Cu  spectrum was to
the involvement of active sites for adsorbed of
Cu(1.2* Finally, results showed that successful
adsorption of metal ions on the I-Arg-
CS/IMWCNTSs-COOH/Fes0..

1.2. XRD analysis

Figure 2 depicts the XRD curves of CS, Fe304
IMWCNTs-COOH and I-Arg-CS/IMWCNTSs-

Intensity

COOH/Fe304. In the XRD pattern of CS, two
peaks were observed at 26 = 10° and 20°. In XRD
pattern of Fe;O, IMWCNTs-COOH, the peak at
26 = 26° confirms the existence of MWCNTSs and
Five peaks at 206=30.1°, 35.5°, 43.3°, 57.2°, &
62.5° related the diffraction peaks of Fe304.1%° In
curves of I-Arg-CS/MWCNTs-COOH/Fe304 the
diffraction peaks of CS due to decreasing in
crystallinity were decreased and all the peaks
related to FesO. were observed. Also, intensity
change in MWCNTs peak demonstrates the
grafting of I-Arg-CS on MWCNTs- COOH.M!
The results confirm the successful modification of
MWCNTs-COOH.
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Fig. 2— XRD curves of CS, Fe3s04/MWCNTs-COOH and I-Arg-CS/MWCNTs COOH/Fe304

1.3. SEM images

The SEM images in Fig. 3 have explored the
surface morphology and determined the size of
MWCNTs-COOH/Fe304 and I-Arg-CS/IMWCNTSs-
COOH/Fe304. The size of MWCNTs COOH/Fe304
was in the range of 11-15 nm and the size of

Fes04/MWCNTs-COOH

I-Arg-CS/IMWCNTSs-COOH/Fes04 was in the range
of 11-24 nm. Brighter spots in the SEM image of I-
Arg-CS/IMWCNTs-COOH/Fes04 probably indicate
the modification of MWCNTs-COOH/Fe30, with I-
Arg-CS or in other words related to the interaction
between carboxylic acid and chitosan.
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WD: 6.27 mm BI: 7.00 200 nm.
View field: 1.04 ym Date(m/dly): 04/09/21

L-Arg-CS/MWCNTs-COOH/Fe304

Fig. 3 — SEM photographs of Fe3O4/MWCNTs-COOH and I-Arg-CS/MWCNTSs-COOH/Fes0a.
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2. Optimization of the proposed
method variables

2.1. Effect of pH

The pH of the solution plays an important role in
the solubility of the metal ions and the surface
adsorbent charges.!® The pH of the solutions was
adjusted with buffer solutions and was investigated
in the range of 0.2-0.8. The pH above 8 has not
been investigated due to metal ions precipitation and
leads to a false change of adsorption.!! The results

120 a —eam
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showed that at first by increasing pH, the relative
recoveries increased and finally decreased at higher
pH values (Fig. 4a). In the low value of pH, the
protonation degree was reduced. Consequently, the
interaction between the metal ions and the binding
site is enhanced. In higher pH (pH > 6), a decrease
in the relative recoveries may be due to the
hydrolysis of metal ions and the formation of metals
hydroxide.?® Therefore, the pH = 6, was chosen for
optimum pH in the metal ion solutions. Similar
results were previously reported by Salehi et al.!!
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Fig. 4 — a) Effect of pH; b) dosage of adsorbent (mg); c) extraction time (min); d) type and volume of eluent; f) sample volume (mL).
Experimental parameters: in b, ¢, d and f pH =5, Ce(M) = 0.5 ppm; wt of MG-Chi/Fe3sO4= 10 mg in a, ¢, d and f. Extraction time = 6
minin a, b, d and f ; type and volume of eluent =4mL EDTA in a, b, ¢ and f; sample volume =100 mL in a, b, c and d.

2.2. Effect of the adsorbent dose

The adsorbent dosage was investigated in the
range of 5-30 mg in 100 mL of sample solution.
The relative recoveries increased at first with
increasing the adsorbent dosage and then it was
almost constant after 10 mg (Fig. 4b). This
increase in relative recoveries may be due to an
increase in adsorption sites, and once the
adsorption equilibrium is reached, a large number
of adsorption sites will reduce adsorption.?®

2.3. Effect of extraction time

The Effect of extraction time was determined
by measuring relative recoveries at 1-10 min (Fig.
4c). As the extraction time increases, the
adsorption increases due to the increase in the
active sites until the adsorption reaches equilibrium
and then remains constant, possibly due to the
repulsion between the adsorbed metal ions and the
sample solution. The most relative recovery
occurred within 6 minutes of extraction time.*°

2.4. Effect of type and volume rate of eluent

1-5 mL of hydrochloric acid (HCI) 0.5 and 4
mL EDTA with 5 min contact time were
investigated to achieve high preconcentration
factors. The results demonstrated that 4mL EDTA
causes the maximum relative recoveries (Fig. 4d).

2.5. Effect of sample volume

To determine the enrichment factor, the
maximum sample volume at which the adsorption
efficiency is maximum was measured. The
removal efficiency decreased if the sample volume
increased more than 100 ml (Fig. 4f). This was
probably due to the decrease in contact between
the metal ions and active sites on the magnetic
nanosorbent.!

2.6. Effect of interfering ions

For the study of the effect of interfering ions on
the ability of the magnetic nanosorbent some
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cations and anions in varying concentrations were

investigated. Effect of interfering ions plays very

important role in making a determination error.!!

The results showed that interfering ions had
insignificant interference the extraction and
determination of metal ions (Table 1).

Effect of interfering ions on the determination of metal ions

%Recovery interferingion | ~ metal ions interfering ion
cd(i) Pb(I1) cu(i)
98 9 98 100 cr
98 98 9 100 cr
96 97 96 50 Na
98 98 97 50 Ca
97 98 95 50 NI
98 9 98 100 Nitrite
96 98 97 100 Nitrate

n=3

3. Adsorption kinetics

One critical parameters for evaluating the
sorption performance is the sorption speed.
Therefore, three kinetic models such as pseudo-
first-order, pseudo-second-order and intraparticle
diffusion were used to investigate the rate of the
adsorption process.?®

Linear forms of these equations are represented
in equations (2), (3) and (4), respectively:!t 30-32

( /q ) (*/a.) )
Yar = (1/K qe)+(t/qe) @)

q:=Kpt2+C @)

where g (mg ¢g*') and ge (mg g?) are the
adsorption capacities of metal ions at time t (min)
and equilibrium time (min), respectively, while

ki (min?), k2 (9 mg* min't) and k, (mmol g *min*?)
are the pseudo-first-order, pseudo-second-order
rate  and intraparticle diffusion constants,
respectively.

After comparing the values obtained using
pseudo-first-order and pseudo-second-order models,
it is evident that the adsorption kinetics of metal
ions on magnetic nanosorbent are more consistent
with the pseudo-second-order model. The results of
the tables and graphs (Tables 2 and Figs. 5a and 5b)
confirm that the rate limiting step is chemisorption
comprising the interaction of charges between metal
ions and magnetic nanosorbent. Also, the obtained
results in Table 1 and Fig. 5¢ showed that the R?
was a bad agreement with the experimental data and
the intraparticle diffusion was not the only rate
limiting step and the inner-diffusion resistance was
not significant to control the adsorption of metal
ions, 1933

Parameters of kinetic model for the sorption metal ions

Qe k1

Kp

megh) (i X mggh @mgmmy K molgmin?  C Re
Cu(ll) 60.26 20.12 0.9752 55.65 1.81x10%3 0.9915 4.2632 18.125 0.7625
Pb(11) 60.32 17.34 0.9658 57.66 1.79x103 0.9925 45265 20.189 0.7764
Cd(1n 59.45 21.22 0.9782 54.89 1.75x10%3 0.9905 4.6258 17.205 0.7518
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Fig. 5 —a) Pseudo first order kinetic model; b) pseudo second order kinetic model;
c) intraparticle diffusion model for the adsorbtion of metal ions.

4. Reusability of I-Arg-CS/MWCNTs-
COOH/Fes0,

To evaluate the potential of the adsorbent on a
large scale, reduce the overall cost and the
possibility of recovering metals extracted from the

120
1oo
80

%R
(3

3

aqueous solution; it is necessary to measure the
ability of the adsorbent to desorb particles.®* The
result in Fig. 6 showed that the relative recovery
was still good after six adsorption-desorption
cycles. This can be attributed to the effect of 4 mL
of EDTA, which is a strong chelating agent.™

Heu Mpbh Hed

Recycle
Fig. 6 — Reusability of I-Arg-CS/MWCNTs COOH/Fe30a.
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under the optimized conditions. The coefficient of
determination (r?) for all metal ions was above

5. Validation of the method

The results and analytical performance were

summarized in Table 3 for the proposed method 0.99 (Fig. 7).
Table 3
Analytical figures of merit for the determination of metal ions
LDR %RSD LOQ LOD .
R? %E EF Metal ion
0 (ngL?) (n=3) (ngL?) | (gL
Interday Intraday
0.9983 115 10-1000 60 1.8 2.3 10 0.12 Cu(ll)
0.9979 125 10-1000 65 35 2.8 10 0.12 Pb(11)
0.9984 110 5-1000 55 3.0 15 5 0.10 Cd(ll)
045
04 "
0.35 e
g 03 _-
5 o '
2 - y = 0.0003x+ 0.0375
_.E 0.2 - R? = 0.9983
= 015 -
0.1 .,..’ )
0.05 ”"’.
‘ 0 200 400 600 80O 1000 1200
Cu(ll) (pe/L)
0.6
05 .
g 04 .'
__E: 03 ’y = 0.0004x+ 0.0578
g L R? = 0.9979
;_t"-' 02 *
01 ‘.r'"'.'.
W
’ o 200 400 600 800 1000 1200
Pb(ll) (pe/L)
0.6
05 '__.A.,-
u L r
5 o3 ' y = 0.0004x+ 0.0776
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Fig. 7 — Calibration curve of the proposed method for metal ions.

m is the slope of the calibration curves.® Also, the
limit of quantification and Linearity were showed.
Both RSDs of intraday and interday were
calculated and were demonstrated good precision.
Preconcentration factor (PF) was calculated
according to the equation shown below:*

The limit of detection (LOD) was calculated
according to the following equation:

LOD = 35D/, (5)

where SD is the standard deviation of 10
consecutive measurements of blank solutions and
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PF = Cifco (6)

C, is the concentration of the analyte in the solid
phase and C, is the initial concentration of the
analyte. And also Extraction percentage (%E)
calculated and shown for all metal ions.

6. Real samples analysis

Real samples were collected in a clean glass
bottle from the SAIPA Company’s wastewater
(Tehran, June, 2021, pH =8, Temp = 298 K). Then

they were filtered with a membrane filter with a
pore size of 0.45 pm. Under the optimum
conditions, the real samples and spiked wastewater
samples with two levels of concentration of Cu(ll),
Pb(ll) and Cd(ll), RSDs for 3 replicate
measurements were in the range of 1.5-2.8%. And
then relative recoveries (R%) were evaluated and
were above 100. All results that were reported in
Table 4 and the accuracy of the developed method
demonstrated this method was good efficient for
the preconcentration and determination of metal
ions from wastewater samples.

Table 4

Determination of metal ions in the SAIPA’s wastewater sample

%R 003 | e | Se) | Metalion
103 14 50.19 50 Cu(ln
102 18 100.25 100

103 2.3 51.26 50 Pb(I1)
101 14 100.56 100

104 15 51.00 50 cdq)
103 1.8 100.50 100

7. Comparison of the developed method
with previously reported methods

LOD, extraction time and recovery, are an
important factors in the adsorbed of metal ions.
Therefore these factors were compared with
previously reported methods for the adsorption of
metal ions in Table 5.2°%-3 The results indicated

that the recovery of the present method was better
than the previous methods. In addition, the
extraction time was shorter than reported methods
for the simultaneous determination of metal ions
and the LODs were good. So, the I-Arg-
CS/MWCNTs-COOH/FesO4 as an adsorbent for
the proposed method was successfully applied for

preconcentration and determination of metal ions.

Table 5
Comparison of the proposed method with some of the methods reported in the literature for determination of the metal ions
I\/_Ietal Adsorbent LOI?l Extractl_on time %Recovery Ref.
ion (ng LY (min)

Pb(I1) Fe304@Z-NCNT/PC * 20 >98% [25]
Cd(1n 0.001 120 103
Ph(ll) MWCNTSs 0.03 120 102 [36]

modified multiwalled
Pb(IT) carbon nanotubes 0.26 10 97 [37]
cu(ll '\"n\gﬁx;gi';f@ 3.98 2 92-100 [38]
Cd(l) magnetic allylamine 0.00056 15 98-102
Cu(ll) 0.00022 15 98-102
Ph(l1) MWCNTs-TB 0.00018 15 98-102 [39]
Cu(ll) 0.12 6 103

I-Arg-CS/IMWCNTSs- .
Pb(1) COOH/FesOu 0.12 6 103 This work
Cd(1n 0.10 6 104

*Not report
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NH,

Scheme 1 — The form of the I-Arg-CS/MWCNTs COOH/Fe30a.

CONCLUSION

In this work, we have synthesized a new
magnetic  nanosorbent as a sorbent for
preconcentration and determination of metal ions
from wastewater samples and then characterized
by FT-IR, SEM and XRD. Good preconcentration
factors were obtained that showed the efficiency of
the synthesized sorbent. The sorption Kinetics
could be described by the pseudo-second-order
model. The desorption analysis demonstrated this
sorbent can be reused for 5 cycles of adsorption
and it was very rapid separation by a magnet.
Finally, this validated method was applied for the
preconcentration and determination of metal ions
from wastewater samples.
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