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A multi-walled carbon nanotubes-polypyrrole conducting polymer nanocomposite has been synthesized,
characterized and used for the separation and preconcentration of lead at trace levels in water samples
prior to its flame atomic absorption spectrometric detection. The analytical parameters like pH, sample
volume, eluent, sample flow rate that were affected the retentions of lead(Il) on the new nanocomposite
were optimized. Matrix effects were also investigated. Limit of detection and preconcentration factors
were 1.1 pg L~ ! and 200, respectively. The adsorption capacity of the nanocomposite was 25.0 mg lead(Il)
per gram composite. The validation of the method was checked by using SPS-WW2 Waste water Level
2 certified reference material. The method was applied to the determination of lead in water samples

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Carbon nanotubes (CNTs), which were discovered in 1991 [1],
have been attractive for many research groups for different
scientific purposes. Multi-walled carbon nanotubes (MWCNTSs)
comprise an array of such nanotubes that are concentrically
nested. Numerous studies concerning CNTs have been conducted
over the past two decades. CNTs have found uses in polymer
nanocomposites [2], nanoporouspolymers [3], biomaterials [4],
nanofibers [5,6], drug delivery systems [7,8], and analytical appli-
cations [9,10]. Because of their uniform structure, CNTs have also
been used for the adsorption and removal of various organic and
inorganic species [11-13]. Adsorption capacities of CNT have been
attenuated by installing various functionalities on the CNT surface
[12-14]. These situations are well documented in some reviews
[14-16].

Conducting polymer-carbon nanotube composite materials are
used in a lot of applications for different specifications of polymers
having different functional groups or conjugated 7z electrons
[17-20]. Most notably, conducting polymer-carbon nanotube com-
posites are useful for solid phase extraction of heavy metal ions at
trace levels [9,21]. When porous MWCNTs are coated with poly-
pyrrole (PPy), they can gain a higher affinity for metal ions: This
may be due to the coordinating ability of the N atoms and 7z
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electrons on the pyrrole repeating units. The adsorption of lead(1I)
on new nanocomposite is related to sharing an electron pair of N
of conducting polymer with lead(Il) [21].

In this study, a polymer nanocomposite material has been
synthesized and characterized by using multiwalled carbon nano-
tubes with polypyrrole (MWCNT-PPy). This new conducting poly-
mer nanocomposite has been utilized for the separation and
preconcentration of lead(Il) at trace levels in water samples, prior
to flame atomic absorption spectrometric detection of lead.

2. Experimental
2.1. Instruments

The instrumental detection system used was a Perkin-Elmer
Model 3110 flame atomic absorption spectrometer (Norwalk, CT,
USA). The equipment was used at conditions recommended by the
manufacturer. Air-acetylene burner was used for the determina-
tion of the lead(ll). A mini homemade micro injection system
coupled to the nebulizer with capillary tubing was used for
measurement of concentration of lead. For this purpose, 50 pL of
the samples were introduced to nebulizer of the AAS with an
Eppendorf pipette by using the micro injection system.

The FT-IR spectra of the nanotubes and composite nanotubes
were recorded on a Perkin-Elmer Spectrum 400 FT-IR spectro-
meter (Waltham, MA, USA). Scanning electron microscope (SEM)
images were obtained on a LEO 440 SEM. Thermal behavior of the
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samples was obtained by using a DTA/TG system. The DTA/TG
measurements were performed in an alumina crucible, using a
Perkin Elmer-Diamond analyzer (heating-cooling rate 10 °C min~').
pH measurements were carried out a Sartorius PT-10 a Metrohm pH
meter (Germany) equipped with a combined glass electrode.

2.2. Reagents and solutions

All chemicals were of the highest purity available from Merck
and were used as received. Distilled/deionized water (Millipore
Milli-Q system) was used for solution preparation. High purity
reagents from Sigma-Aldrich (St. Louis, USA) and Merck (Darm-
stadt, Germany) were used. Standard stock solutions containing
1000 mg L~' of lead(ll) were prepared from lead(Il) nitrate
(Aldrich, Milwaukee, WI, USA) in 1% of HNOs into 1 L calibrated
flasks. Dilute standard solutions and model solutions were pre-
pared daily from the stock standard solutions.

Pyrrole, HCl, and ammonium persulfate were purchased from
Merck Company. Pyrrole was distilled before use. Multiwalled
carbon nanotubes (no.: 677248-5G, external diameter: 10-15 nm,
internal diameter: 2-6 nm, length: 0.1-10 pm, surface area:
248 m? g~ ') were purchased from Aldrich, Milwaukee, WI, USA.

Buffer solutions given in the literature [22-24| were used in the
present work. SPS-WW?2 Waste water Level 2 Certified reference
material (CRM) was used from Spectrapure Standards AS, Oslo,
Norway.

Thermal water from Sivas, two different waste water samples
from plants located in Kayseri Organized Industrial Area and well
water from Ankara were collected. Samples used were collected in
pre-washed polyethylene containers and were filtered through a
Millipore cellulose membrane filter (0.45 pm of pore size).

2.3. Preparation of MWCNT-PPy nanocomposite

The MWCNT-PPy nanocomposite was synthesized according to
literature method [9]. First, 40 mL of HCI solution (1 M) containing
MWCNTs (0.25 g) was sonicated at room temperature for 15 min.
250 pL of pyrrole was added into the reaction mixture and stirred
for half an hour. The solution was then cooled to 0 °C, and a
stoichiometric amount of ammonium persulfate, in 1M HCI
solution, was added drop wise to the reaction mixture over a
period of 5h while stirring vigorously. The product was then
filtered, washed with methanol/water solution, and finally dried
under low pressure for 24h. A black powder product was
obtained. The schematic structure of the nanocomposite was
illustrated in Fig. 1.

2.4. Preconcentration procedure

A model solution of 50 mL including 20 pg of lead(Il) and 4 mL
of phosphate buffer (pH 6) was passed through the column

containing 0.20g of the nanocomposite at a flow rate of
1.5 mL min~'. After the extraction, the retained lead(ll) was then
eluted from the solid phase with 10 mL of 3 M HNOs solution at a
flow rate of 2.0 mL min~'. The eluent was evaporated to 1.0 mL at
40 °C on a hot plate in hood. The lead in the final solution was
determined by flame AAS using micro injection system.

3. Results and discussion
3.1. Characterization of modified MWCNT with PPy nanocomposite

Fig. 2 illustrates the SEM images of synthesized nanocompo-
sites. The differences between pristine MWCNTs and MWCNT-PPy
nanocomposites can be seen in Fig. 2; the specific spun structures
of MWCNT fibers in Fig. 2a and polypyrrole coated the MWCNT
surface in Fig. 2b. While pristine MWCNTs show spun structures,
polypyrrole coated MWCNT exhibit cauliflower-like of images.
According to SEM analysis of pristine MWCNTs and MWCNT-
PPy, the difference between MWCNTs and MWCNT-PPy, that
MWCNTs’ surface was completely coated with PPy in the in situ
polymerization, can be clearly seen.

There are apparent differences seen from the FT-IR spectrums
of pristine MWCNTs and its nanocomposite. According to FT-IR
spectrum of pristine MWCNTSs, there are some distinct absorption
peaks seen at 1100, 1472, 1670, and 3446 cm~ ! in Fig. 3a. The FT-IR
spectrum of MWCNT-PPy in Fig. 3b shows a peak close to
800 cm~! due to the N-H out of plane bending absorption. The
band observed near to 900 cm ' is due to the C-H out of plane
bending. The C=C stretching of aromatic compounds generally
occur in the range of 1000-1100 cm~'. N3H bending of secondary
amines is seen at 1385 cm~ ! and 1540 cm ™ '. The CaN stretching is
observed at 1640 cm~ . Amine (N3H) group N3H stretching can be
seen at the region of 3300-3500 cm ™.

According to TGA results of MWCNTs, PPy, and MWCNT-PPy
given in Fig. 4; 10% and 50% of weight losses of the pristine
MWCNTs are observed at 325 °C, and 1050 °C; however they are
seen for MWCNT-PPy at 230 °C, and 1050 °C, and observed for the
pristine PPys at 220 °C, and 1050 °C, respectively. Fast degrada-
tions of MWCNTSs start around at 825 °C. On the other hand, PPy
has very fast degradation between 230 °C and 400 °C. When we
look at the curves, it can be clearly seen that there are two
degradation pathways for MWCNT-PPy, and weight losses of them
for any temperature above 230 °C are much more than the pristine
MWCNTs. While first degradation starts around 230 °C, the other
starts around 800 °C for MWCNT-PPy. All of these results show
that our composite material contains a small part of PPy in it.

3.2. Effect of pH

For solid phase extraction of heavy metal ions, the pH of the
working media which affect the quantitative recoveries of metal

Fig. 1. Schematic structure of the nanocomposite.
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Fig. 2. SEM micrograph images. (a) Pristine MWCNT and (b) MWCNT-PPy nanocomposite.
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Fig. 3. FT-IR spectrums (a) pristine MWCNTSs (b) FT-IR spectrum of MWCNT-PPy.
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Fig. 4. TGA spectrums (1) MWCNT-PPy (2) MWCNTSs (3) PPy.

ions is an important and critical analytical factor [25-28]. Hence,
careful attention should be paid to the selection of the suitable
working pH. The effect of pH on the recovery of lead was checked
in the range of 3.0-8.0 by using buffer solutions of phosphate and
acetate. Fig. 5 shows the effect of pH on the recovery of lead(Il).
Interaction between electron pair of N of conducting polymer on
nanocomposite and lead(Il) were affective at acidic pHs. The
quantitative recovery was obtained between pH 5.5 and pH 6.5.
The pH 6.0 was selected for subsequent experiments.

3.3. Selection of eluent type and volume

Various elution solutions were examined (Table 1) and the
results show that 3 M HNOs is the most suitable eluent. Therefore,
3 M HNOs was chosen as the eluent with an eluent flow rate of
2.0 mLmin~'. At the same time, the effect of the eluent volume

100 4
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Fig. 5. Effect of pH on the recovery of lead(Il) (Conditions: 0.4 ug mL~" of lead(Il),
model solution volume; 50 mL, eluent: 10 mL of 3 mol L~! nitric acid, amount of
nanocomposite: 0.2 g, N: 3).

Table 1

Effect of eluent type on the recovery of lead(Il) (pH: 6.0, concentration of lead(Il):
04pgmL~! of lead(ll), model solution volume: 50 mL, eluent flow rate:
2.0 mL min~"', amount of nanocomposite: 0.2 g, N: 3).

Eluent solution

Eluent volume (mL)

Recovery (%)

1.0 M HNO3 10 93+8
2.0 M HNO; 10 79+6
3.0 M HNO; 10 100 + 2
1.0 M HCl 10 88+3
2.0 M HCl 10 82+5
3.0 M HCl 10 61+4
1.0 M CH3COOH 10 <5

2.0 M CH5COOH 10 <5

3.0 M CH5COOH 10 11+0

was examined by using 5 and 10 mL of eluent volume and
quantitative recovery was obtained with 10 mL of 3 M HNOs.

3.4. Influences of flow rate of sample solution

The effects of flow rate of sample solution on the recoveries
of lead(Il) on nanocomposite were investigated in the range of
1.0-50mLmin~!. The quantitative recoveries for lead(Il)
were obtained at the all working range of sample flow rate.
1.5 mL min~ 'was selected as sample flow rate for further studies.

3.5. Effect of sample volume

Sample volume is an important parameter to get high pre-
concentration factor and low detection limit [29-36], the influence
of sample volume on the recovery of lead was evaluated by
passing 25-300 mL of model solutions with a sample flow rate
of 1.5 mL min~ . The recoveries of lead(Il) were quantitative up to
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Table 2

Tolerable levels of interfering ions on recovery of lead(II) (pH: 6.0, concentration of
lead(Il): 0.4 pg mL~! of lead(Il), model solution volume 50 mL, eluent: 10 mL of
3 mol L™ nitric acid, amount of nanocomposite: 0.2 g, N: 3).

Table 4

Analysis of lead(Il) in water samples (pH: 6.0, concentration of lead(Il):
04pgmL~" of lead(Il), volume of water samples: 200 mL, final volume: 1 mL,
amount of nanocomposite: 0.2 g, N: 3).

lon Tolerable concentration (ug mL'") Samples Concentration (ug mL™")
K+, CI 10,000 Waste water [ 2.16 +0.12%
Na™ 5000 Waste water Il 0.10 +0.01
Mg2+, Ca2™*, S0 2500 Well water 0.018 + 0.0004
Ni?*, Cd?*, Cu?*, Co** 10
2 Mean + standard deviation.
3.8. Adsorption capacity and isotherm
Table 3

Recovery studies for the thermal water sample from Sivas and a mine waste water
from Yozgat (pH: 6.0, eluent: 10 mL of 3 mol L™ nitric acid, amount of nanocom-
posite: 0.2 g, N: 3).

Added (ng) Thermal water from Sivas® Mine waste water from Yozgat
Found (pg) Recovery (%)  Found (pg) Recovery (%)

0 BDL" - BDL -

2.0 2.02+0.02° 101 2.00+0.14 100

4.0 4.01 +0.10 100 3.95+0.10 99

10 1013 + 0.58 101 10.14 £ 0.57 101

25 25.80+0.52 103 2515+ 1.71 101

30 30.30 + 1.04 102 29.66 + 2.76 99

@ Properties of thermal water sample at the sampling: temperature: 45 °C, pH:
6.81, conductivity: 2750-3380 ps/cm.

b BDL: below of detection limit.

¢ Mean + standard deviation.

200 mL and the recovery was not quantitative for higher volume
than 200 mL. The preconcentration factor (PF) was calculated as
200 by the ratio of the highest sample volume (200 mL) and the
last volume (1 mL).

3.6. Matrix effects

Matrix effects are one of the critical problem in the flame
atomic absorption spectrometric detection of metal ions [37-45],
therefore, the effects of some matrix ions on separation and
preconcentration of lead(Il) by using present work were examined.
For this purpose, 50 mL of model solutions containing 20 pg of
lead(Il) and various amounts of coexisting ions were treated by
using developed procedure. The maximum tolerance values of the
examined ions are shown in Table 2. It can be seen that most ions
in water samples has no obvious effect for determination of lead
(1) even at high concentrations.

3.7. Analytical characteristics of the method

The calibration graph using the presented separation-precon-
centration system for lead was linear in the range of 2.5-
175 pg L~ ! described by the following equation, y=5.39 x 103
[Pb(I1)]+8.62 x 10~ (slope: 5.39x10~3 and interception:
5.39 x 10~ 3) with a correlation coefficient of 0.999, where y is
the absorbance signal and concentration of Pb(Il) is expressed as
pg L1,

Limit of detection was 1.1 ug L~ ! (three times of the standard
deviation of 11 runs measurements of blank solution). Limit of
quantification was 3.7 ug L~ (ten times of the standard deviation
of 11 runs measurements of blank solution). The relative standard
deviation (RSD) was 5.9% for eleven replicate measurements of
0.4 ug mL~ ' lead(I).MWCNT-PPy could be reuse as over than 150
times without any loss in its sorption behavior.

Under the optimized SPE conditions, The adsorption isotherm
and the adsorption capacity of nanocomposite for lead(Il) was
studied by the column method. The adsorption capacity (nm) of
nanocomposite was obtained by using the Langmuir equation [46]
based on the following equation:

C/n=1/nn K+1/nn) C

C (ngmL~1) is the concentration of lead(Il) in model solution
and n (mgg~!) is the amount of adsorbed lead(ll) per gram of
nanocomposite at equilibrium. The lead(Il) ion concentration in
model solution was changed from 8 to 200 ugmL~! for the
investigation of adsorption capacity of nanocomposite. The model
solution was passed through the column containing 0.2 g nano-
composite. After passing the solution through column, the sample
was determined by FAAS. The uptake of lead(Il) increases mark-
edly until reaching maximum value at 100 pg mL~! of the sample
solutions for lead(Il). The adsorption capacity of nanocomposite
for lead(lll) was found to be 25.0 mg g~ .

3.9. Applications

The addition/recovery tests for the thermal water sample from
Sivas and mine waste water from Yozgat were used to prove the
accuracy of the developed SPE method. The different amounts of
lead(Il) were added to the water samples. The results were given
in Table 3. A good agreement was obtained between the added
and measured lead amounts for both thermal and waste water
samples.

The validation of the presented method was checked by the
analyzing SPS-WW2 Waste water Level 2 certified reference
materials. While the certified value of SPS-WW2 Waste water
Level 2 certified reference material was 0.500 + 0.003 pg mL~!,
the lead level was found 0.503 4+ 0.003 pgmL~' (N=3). It was
found that there was no significant difference between the result
obtained and the certified result. The obtained recovery values for
accuracy of the method were greater than 95%. It shows that the
presented procedure could be used for the determination of lead
in water samples.

The suggested method was also used for the determination of
lead content in three water samples (two waste water from
Kayseri Organized Industrial Area and well water from Ankara)
and the results are given in Table 4.

3.10. Comparison of the nanocomposite with literature for solid
phase extraction of lead(Il)

The comparison results with some other preconcentration
methods used for the solid phase extraction of lead(Il) are given
in Table 5. The proposed method has generally low LOD and good
enrichment factor with some exceptions and is comparable with
the most of published reports [53-59]. The nanocomposite has a
superior reusability and stability. It can be used for all throughout
of the present work at least 150 times.
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Table 5

Comparisons between the analytical performances of the PPy/MWCNT nanocomposite with different nano absorbents used in solid phase extraction.

Adsorbent Instrument  Adsorption capacity (mgg~!)  LOD (ugL~!) PF References
Multi-wall carbon nanotubes FAAS 10.3 0.60 80 [47]
Nano-sized manganese dioxide functionalized multi-wall carbon nanotubes ETAAS 6.7 0.0044 100 [48]
Multi-wall carbon nanotubes FAAS - 8.0 20 [49]
Diethyldithiocarbamate-modified TiO, nanoparticles ICP-AES 19 1.7 33 [50]
Multiwalled carbon nanotubes impregnated with 4-(2-thiazolylazo)resorcinol FAAS 1 7.2 15 [51]
Modified nano-alumina FAAS 16.4 0.17 250 [52]
Gold nanoparticle loaded in activated carbon FAAS 31.6 2.8 200 [53]
Bismuthiol-II-immobilized magnetic nanoparticles ICP-AES 9.4 0.085 87 [54]
MWCNT-PPy nanocomposite FAAS 25 11 200 This work

FAAS: Flame atomic absorption spectrometry, ETAAS: Electrothermal atomic absorption spectrometry, ICP-AES: Inductively coupled plasma atomic emission spectrometry,

PF: preconcentration factor, LOD: Limit of detection.

4. Conclusions

A new MWCNT-PPy nanocomposite has been synthesized and
characterized for the solid phase extraction of lead in water
samples. The new nanocomposite could be used all throughout
of the work without any loss and has high adsorption capacity
(25.0 mg lead(Il) per gram nanocomposite). The influences of
matrix ions of natural water samples are at tolerable levels.
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