Li, X.-X., et al.: Nanofibers Membrane for Detecting Heavy Metal lons
THERMAL SCIENCE: Year 2020, Vol. 24, No. 4, pp. 2463-2468 2463

NANOFIBERS MEMBRANE FOR DETECTING HEAVY METAL IONS

by
Xiao-Xia LI° Ling-Yi XU* and Ji-Huan HE*"*

@ National Engineering Laboratory for Modern Silk, College of Textile and Clothing Engineering,
Soochow University, Suzhou, China
b School of Mathematics and Information Science,
Henan Polytechnic University, Jiaozuo, China

Original scientific paper
https://doi.org/10.2298/TSCI2004463L

Carbon materials are promising candidates for sensors to detect heavy metal
ions. This paper reported an effective method of fabricating nanofiber membrane
sensor for detection of heavy metal ions by electrospinning with the carbon na-
noparticles and PANi (polyaniline) as additives. The results revealed that the
PANI/C/PAN nanofiber membrane was the most economical approach to adsorb-
ing and detecting metal ions with highly sensitive property. This paper sheds a
light on an economic fabrication of nanofiber membrane sensor with well-defined
characteristics in electrical sensors and adsorption applications.
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Introduction

Heavy metal cations, such as Fe®*, Cd?*, Pb?*, Cu?*, and Hg?*, have attracted grow-
ing concern because they are harmful to the environment and human health as well. Heavy
metals are released from mining, exhaust gas, wastewater irrigation, and so on [1], and they
cannot degrade in the environment, which will enter water, air, and soil and finally take a
threat to humans and animals [2]. Most of the countries or districts all over the world have set
strict maximum residue limits for the heavy metal ions. The accumulation of heavy metals is
harmful to human health. Heavy metals are very easy to accumulate in the brain, kidney and
other organs, progressive damage to the body function. The excess consumption of heavy
metals will cause acute, subacute and chronic poisoning and lead to Itai-itai disease, nephrop-
athy, Wilson's disease, and Minamata disease, respectively.

With the development of the human society technology, the adsorption of oil spills
pollutions and heavy metal ions are urgently needed. Electrochemical sensors have produced
as an effective tool to sensitively detecting heavy metal ions with the advantages of rapidity,
low cost, facility, and portability [3]. Carbon materials are promising candidates for electro-
chemical sensors to detect heavy metal irons because they have good performance such as
electrical conductivity, large specific surface area, and high chemical stability [4]. Carbon na-
noparticles have been widely used in the field of chemical industries, energy, environment
engineering and sensor due to its superior properties of low cost, chemical stability, easy
preparation, excellent adsorption performance and environmentally friendly characters. Car-
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bon nanomaterials, such as MWCNT, graphene oxide, and reduced graphene oxide [5], have
been successfully used to detect heavy metal ions.

Electrospinning is a simple and versatile technique for fibers fabrication with con-
trollable diameters, compositions, and morphologies [6-16]. The nanofiber membrane’s ad-
sorption is an intrinsic property of the geometrical potential of nanoscale structure [17]. In re-
cent years, nanofiber membrane has been widely used in oil pollution and heavy metal ad-
sorption fields. Liu [18] prepared nanoporous fibrous mats by a one-step electrospinning pro-
cess used as oil sorbents for oil-water separation. Li et al. [19] fabricated zirconium dioxide
(ZrO,) nanofibers by the critical bubble electrospinning, and the obtained ZrO, nanofibers
showed excellent high temperature resistant adsorption and separation properties. To explore
the heavy metals detection, herein, carbon nanoparticles and PANi were electrospun and con-
structed as an electronic sensor to detect Cu?* ions. It seems to be imperative that carbon na-
noparticles can be used as an additive material in electrospinning for fabrication of nanofibers
membrane with well-defined characteristics of heavy metal ion detection.

Experiment

The PANi (Mw = 93x) was purchased from Arkpharm Company. The PAN powders

(Mw =150000 g/mol) were obtained from an online shop. The solvent used for dissolving

polymers was N, N-dimethylformamide (DMF, purchased from Jiangsu Qiangsheng Func-

tional Chemical Co., Ltd.) All the materials were directly used as received without any further
purification.

The solutions were prepared in

PA\Ni ij,”opamdes RN Elopmospun  two steps, fig. 1. First, the sol_utions_ of

/ PANI/C were prepared by dispersing

various amounts of PANi and carbon

PANI/C PAN . .
dispersion dissolution nanopartlcles in DMF Separately by
—_— —_— - - -
Ultrasonic Magnetic using ultrasonic oscillator for 30
(30 o) (550 minutes. Second, PANI/C/PAN elec-
2 hours) trospun solutions were prepared by
Figure 1. The scheme of solutions preparation dissolving PAN in PANi/C/DMF solu-

tions with using a magnetic stirrer at
55 °C for 2 hours. The proposed scheme of the two steps was given in fig. 1. The calculated
PANI concentrations for each component of the various samples were listed in the tab. 1.

Table 1. Concentration of PANi, carbon nanoparticles, PAN, and DMF in the mixed solutions

Samples PAN [g] Carbon nanoparticles [g] PAN:I [g] DMF [g]
6] 0.8 0 0 9.2
A 0.8 0.2 0.08 8.92
B 0.8 0.4 0.08 8.72
C 0.8 0.6 0.08 8.52

The electrospinning set-up was shown in fig. 2. The prepared solution was loaded
into a syringe with a needle tip diameter of 0.7 mm that was positive charged. The polymer
solution was electrospun at room temperature at a voltage of 18 kV. The negative collector
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was 18 cm from the tip of the needle. The feeding rate Syringe
of the polymer solution was 1 mL/h. Continuous nano- == .
fibers were deposited on the collector and formed a non-

woven fibrous mat.

The electrical properties of the electrospun nano- +
fibers membrane were measured by a multimeter (NUI- ﬂ J
T UT61-A). The surface morphology of the electrospun =
nanofibers was examined by SEM (Hitachi S-4800, To-  High voltage
kyo, Japan). The mechanical property was tested by the ~ Pover supply
universal material testing machine (lNSTRON-3365, Figure 2. The electrospinning set-up
USA).

Collector

Result and discussion

Figure 3 shows SEM images and corresponding fibers diameters distribution of
PANI/C/PAN nanofibers with various concentrations of PANi/C/PAN. The nanofibers exhib-
ited cylindrical morphology with roughness surface and randomly distributed in fibrous mat
with very uniform and dense structures adhered to each other. Overall, the size and morphol-
ogy of the nanofibers were affected by the concentration of PANI/C in the solution. The di-
ameters of the nanofibers increase with the concentration of PANi/C in the solution.

Figure 3. The SEM images for the PANi/C/PAN nanofibers; (O) pure PAN nanofibers
membrane, (A) PANi/C/PAN nanofibers (PANI/C = 2:5), (B) PAN/C/PANI nanofibers
(PANI/C = 1:6), (C) PAN/C/PANI nanofibers (PANi/C = 2:15)
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The mechanical property was tested by the

= b3 7 universal material testing machine. The stress-
£ 124 strain curve was shown in fig. 4. It was clear that
g“" the mechanical strength of the PANI/C/PAN
& 981 nanofiber membrane decreased compared with
05+ the pure PAN nanofiber membrane. With the C
041 nanoparticles increasing, the mechanical strength
— of the membrane decreases. It was shown that the
DD C nanoparticles had a negative impact on the
-0.2 ; . . .

nanofiber membrane’s mechanical strength, see
fig. 4.

) ] ) The specimens of nanofiber membranes
Figure 4. Stress-strain curve for PAN/C/PAN \yere cut into 3x3 cm rectangular shape and the
nanofibers membrane; (O) pure PAN . - .
nanofibers membrane, (A) PAN/C/PANi schemapc _dlagram was as_sembled in the way
nanofibers (PANI/C = 2:5), (B) PAN/C/PANi  shown in fig. 5. The nanofiber membranes were
nanofibers (PANI/C = 1:6), (C) PAN/C/PANi  immersed in 10 mL aqueous solution of copper
nanofibers (PANI/C = 2:15) acetate (the concentration of Cu?* ions is

20 mol/L). Then the maximal current was record-
ed within 1 minure. The maximum current of the membrane in the solution within 1 minute
and the thickness of the membrane were shown in the tab. 2. Sample O is the nanofiber mem-
brane of PAN without PANI/C. Samples A, B, and C are the nanofiber membranes with differ-
ent proportions of C and PANI, respectively. It was shown that the PANi/C nanofibers has a
sensitivity to Cu?* ions. Because the PAN membrane with PANI/C can adsorb Cu?* ions, when
Cu?* ions were adsorbed into the membrane, it caused the change of the current. With the in-
creasing of the carbon nanoparticles concentration in the solution, the nanofiber membrane has
a more sensitive response to the aqueous solution of Cu?* ions. The more adsorption of the
Cu?* ions on the membrane, the more the change of the current, and the PAN/C/PANi nano-
fiber membrane has a more sensitive response to heavy metal ions with excellent property.
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Figure 5. Schematic diagrams of test device

Table 2. The maximum current of the membrane in the solution within 1 minute and
the thickness of the membrane

Maximum current in deionized | Maximum current in aqueous solution
water [uA] of copper acetate [pA]

O 0 0 3.7
A 2:5 0 7

B 1:6 0.2 8.5
Cc 2:15 0.3 18.3

Membrane code PANI/C
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Conclusion

This paper suggested an effective method of fabricating nanofiber membrane for
heavy metal ion’s adsorption and detection. The PANi/C/PAN nanofiber membrane was pre-
pared by adding the carbon nanoparticles and PANi into the solution. The nanofiber mem-
brane was used to adsorb and detect the cupric ions in aqueous solution. It was shown that the
nanofiber membrane has a great sensitive to the cupric ions. With increasing of the carbon
nanoparticles’ concentration and PANI in the solution, the adsorption of the cupric ions in-
creases, and the current also increases. This method provided a facile and low cost way of
fabricating nanofiber membrane for metal ion’s detection, especially for micro-scale or na-
noscale sensors [20].
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