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Abstract

Electrospun MWCNTSs nanofibers (CNF1, CNF2 and CNF3) with different concentrations of MWCNTs (0.3, 1.5,
2 wt%), respectively, were deposited on Aluminum foil substrates. Also, Zinc Acetate dihydrate
Zn(CH3C00),.2H,0 (ZNF) and MWCNTs/zinc acetate (CZNF) nanofibers were deposited on Aluminum foil
substrates and annealed in the presence of oxygen at 400 °C . The resultant fibers were characterized using X-
ray differaction (XRD), scanning electron microscope with energy dispersive X-Ray spectrophotometry (SEM,
EDX), Fourier transform infrared (FTIR). SEM, EDX and FTIR exhibited a total decomposition of the organic
precursor after calcination and formation of zinc oxide (ZONF and CZONF). The mean fiber diameter was
found to be increased with increasing MWCNTs concentration and ranged 490-767 nm. XRD patterns
indicated that ZnO was corundum with the hexagonal wurtzite structure. The crystallite size of ZONF and
CZONF were determined by shurrer equation to be 26 and 29.7 nm, respectively. The optical analysis
indicated that the percentage transmittance increased after calcination.The band gap for the electrospun
fibers before and after calcination was calculated. CZONF nanofibers have electrical properties similar to those
of semiconductors. The tested compounds CNF2, CNF3, CZNF and CZONF exhibited different activities against
the bacteria and yeast pathogen Candidaalbicans. CZNF compound is the most active against the bacteria and
yeast pathogen. So, these compounds can be used as food packaging.
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1. Introduction

Carbon nanotubes (CNTs) have attracted considerable research interest in the last decade because of their
unique optical, electronic, magnetic, mechanical, and gas adsorption properties. They have been regarded as
promising candidates for versatile applications. Exhibiting high electrical conductivity and high electron
storage capacity (one electron for every 32 carbon atoms) [1, 2], CNTs can act as extremely effective electron
sinks. Hence, CNTs supported with metal oxide nanoparticles are expected to exhibit different physical
properties from those of neat CNT.

Zinc oxide semiconductor materials have been widely used primarily due to low cost and outstanding
chemical and physical properties [3]. ZnO is an n-type material having a wide band gap (3.21-3.42 eV) at room
temperature. It is a group /I-VI compound semiconductor having a stable wurtzite structure and large
excitation binding energy of 60 meV with lattice spacing a = 0.325 nm and c¢= 0.521 nm. It is a unique material
that exhibits optical, semiconducting, pyroelectric and piezoelectric properties [4,5]. It has attracted serious
research attention because of its applicability to wide applications such as light emitting diode, [6, 7], solar
cells [8, 9], chemical and gas sensors [10], ultraviolet (UV) light detector [11], stimulated emission with low loss
and high gain [12], and transparent conducting oxide [13]. Due to these varied applications, several methods
including thin films and polymeric approaches have been employed to deposit ZnO. Some of the thin film
methods used include; chemical vapour deposition [14,15,16], chemical bath deposition [17], laser deposition
[18,19].
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ZnO nanoparticles have exhibited a strong bacterial growth inhibiting character [20]. ZnO has also gathered
significant attention due to its various applications such as UV light emitting diodes, laser diodes and catalysts
[21]. ZnO is widely used to treat a variety of skin conditions, in products such as baby powder, barrier creams
to treat diaper rashes and in Calamine lotion, antidandruff shampoos and antiseptic ointments [22]. Nano zinc
is non-toxic, with wide band gap has also been identified as a promising semiconductor material for exhibiting
ferromagnetism (RFTM) at room temperature when doped with most of the transition metal elements [23].

The electrospinning method dates back to the work of Zeleny in 1914 and was previously termed “electro-
static spinning”. This researcher found the technique to be useful for spinning polymer fibers having a small
diameter [24]. This method, which uses the principle of electrostatics depends on electromotive force to form
a fiber. This method has also been described as indispensable in the scientific and economic resurgence for
developing nations [25]. Electrospinning has continued to gain serious research attention owing to its unique
properties of the resultant nano/micro fibres (large surface area to volume ratio and cost effectiveness) [26,
27]. ZnO nanofibres, including nanotube and nanorods [28] belong to the one-dimensional group of
nanomaterials which are flexible in nature. ZnO nanofibres have demonstrated improved properties in
photoconducting, semi-conducting and piezoelectric properties [29, 30& 31].

In this study, we synthesized ZnO and ZnO/MWCNTSs nanofibers by electrospinning technique. The fibers have
been characterized for morphology , composition, structure and further investigated for the antibacterial
properties with respect to their crystallite size. Also, dielectric constant and conductivity will be studied. The
nanofiber Such a material was designed and synthesized with a view to electronic and biological applications.

2. Materials and Methods

MWCNT, nitric acid (68% conc), ethanol, Poly(vinyl Alchol) (Mw = 125,000 g by GPC), zinc acetate dihydrate
(Zn(CH3COO0),.2H,0)salt 299% assay from Sigma-Aldrich.

Experimental
Modification of MWCNT:

0.5 gm of MWCNT was dissolved in 63 ml nitric acid (68% conc) and completed with distilled water till 200 ml.
The solution was refluxed for 20 h and 100" C. The precipitate was washed with ethanol and distilled water
several times up to pH value of 7 and was dried at 70° C.

Preparation of MWCNTnanofibers:

Different weight percent of MWCNT (0.3, 1.5, 2 wt%) was dissolved in ethanol and sonicated for 1 h, then
different weight percent of PVA (13 and 20 wt%) (dissolved in distilled H20 at 50-60 0C) was added and
stirring for 30 min. The prepared solution was fed into the spinneret. The distance between the tip of the
spinneret and the substrate was kept at 12 cm. 16 kV voltage was applied to the solution and the substrate
attached to an aluminium foil was grounded. The produced nanofibers were put in the drier at 50° C.

Preparation of ZnO,nanofibers:

10 wt% zinc acetate was dissolved in ditilled H,O, then 30 wt% PVA was added and stirring for 30 min.The
prepared solution was fed into the spinneret. The distance between the tip of the spinneret and the substrate
was kept at 12 cm. 16 kV voltage was applied to the solution and the substrate attached to an aluminium foil
was grounded. The produced nanofibers were put in the drier at 50 °C. The deposited fibres were calcined at
400°C in furnace in the presence of oxygen for 4h.
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Preparation of MWCNT -ZnO;nanofibers:

0.5 wt% MWCNT was dissolved in ethanol and sonication for 2h, then 10 wt% zinc acetate (dissolved in
distilled H,0) was added and stirring for 30 min. Finally, 20wt% PVA was added and stirring for 30 min. The
prepared solution was fed into the spinneret. The distance between the tip of the spinneret and the substrate
was kept at 12 cm. 16 kV voltage was applied to the solution and the substrate attached to an aluminium foil
was grounded. The produced nanofibers were put in the drier at 50 °C. The deposited fibres were calcined at
400°C in furnace in the presence of oxygen for 4h [32].

Table 1: The codes of the prepared samples

Code MWCNTs Zinc PVA
acetate
MWCNTSs nanofibers 1 (CNF1) 0.3 wt% - 13 wt%
MWCNTSs nanofibers 2 (CNF2) 1.5 wt% - 20 wt%
MWCNTSs nanofibers 3 (CNF3) 2 wt% - 20 wt%
Zinc acetate nanofibers (ZNF) - 10 wt% 30 wt%

Zinc oxide nanofibers after calcination - - -
of ZNF (ZONF)

MWCNTSs-zinc acetate nanofibers (CZNF) 0.5 wt% 10 wt% 20 wt%

MWCNTs-zinc oxide nanofibers after
calcination of CZNF (CZONF)

Antimicrobial Assay

The antimicrobial activities of samples were determined by the agar diffusion technique [33]. Sterile nutrient
and Czapek'sdox agar media were inoculated, separately, with 100 pl cell suspension of the tested bacteria
and yeast poured into Petri-dishes (15 cm diameter). Each sample was dissolved in dimethyl sulfoxide (DMSO)
with concentration (10 mg/ml), 50 pl from each sample was bearing on filter paper disc (1 cm diameter).
Solvent was allowed to evaporate and the discs were deposited on the surface of inoculated agar plates and
kept at low temperature before incubation which favors diffusion over microbial growth to detect the
inhibition zone clearly. The plates were incubated at 35°C for bacteria and at 30°C for yeast. The antimicrobial
activity was expressed as the diameter of inhibition zone in mm and compared with the antibiotic amoxicillin
trihydrate.

Measurements:

The as-spun and calcined fibres were analysed for their chemical, structural, optical and electrical properties.
Scanning electron microscopy (SEM) observations were carried out using a QUANTA FEG250 field emission
scanning electron microscope. X-ray diffraction (XRD) measurements were performed using Philips PW 1710
diffractometer with Cu K radiation. The energy dispersive X-ray (EDAX) analysis provides a way of analysing the
chemical composition of the prepared materials. Dielectric parameters were recorded in the frequency range
(100 HZ-5 MHZ) using HIOKI Japan 3532-50 LCR HI TESTER.
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3. Results and Discussion:
3.1. XRD analysis:

XRD patterns of as-prepared nanofibers samples were studied to investigate its crystal structure. Fig.1 showed
the XRD patterns of ZNF and CZNF. ZNF exhibited lower intensity peaks due to lower crystalinty since the
material is amorphous. Whereas in CZNF, the distributions of prominent diffraction peaks matched well with
rombohedral structure of graphite structure derived from [34].

It can be noticed that, XRD patterns (Fig.2) of ZONF and CZONF exhibited polycrystalline nature consisting of
several diffraction peaks of hexagonal wurtzite structure with major five diffraction peaks at 26= 31.85°, 34.52°,
36.37°, 47.52° and 56.69°, respectively, pertaining to (100), (002), (101), (102) and (110) planes of ZnO. All
diffraction peaks are in good agreement with those of the structure of ZnO (JCPDS card 96-230-0113) [34].
The unit cell parameters of the ZnO were found to be a = 3.2494 A and ¢ = 5.2054 A [35]. The appearance of
the characteristic ZnO peak pattern clearly showed that PVA is decomposed and the nanofibers are composed
of ZnO. XRD pattern of CZONF showed broadening of the peaks and this confirmed that the composite
contains MWCNTs. The average crystallite size of ZONF and CZONF calculated using the Debye-Scherrer
equation:

d=kA /B cosB

where d is the average crystal size of particles, k is the Debye—Scherrer constant (0.9), A is the Xray wavelength
(0.15406 nm), B is the line broadening in a radian obtained from the full width at half maximum, and © is the
Bragg angle. The average crystal size of ZONF and CZONF were found to be 26 and 29.7 nm, respectively.
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Fig.1: XRD patterns of zinc acetate nanofibers (ZNF) and MWCNTs-zinc acetate nanofibers (CZNF).
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Fig.2: XRD patterns of zinc oxide nanofibers (ZONF) and MWCNTSs-zinc oxide nanofibers (CZONF) after
calcination.

3.2. SEM:

Fig.3. showed SEM images of CNF1, CNF2, CNF3, ZNF and CZNF. The average fiber diameter was found to be
increased from 490 to 767 nm with increasing the concentration of MWCNTs.

SEM images of ZONF and CZONF after calcination were shown in Fig.4. It can be noticed that, the deposited

nanofibers were non-woven in nature and are bead free. The difference in the measured mean fiber diameter

observed in the as-spun and calcined materials could be attributed to the removal of PVA which served as a

carrier for the metal oxide and other volatile organic constituents, such as acetate, during the calcination

process. The EDX analysis of the calcined CZONF was shown in Fig.5 and Table 2. It is evident from the spectra
that the fibers contained the desired elements: Zn 68.54 % , O
22.12 % and C 9.34 %.
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Fig.3: SEM images of (a) MWCNTs nanofibers (CNF1), (b) CNF2, (c) CNF3, (d) Zinc acetate nanofibers
(ZNF), (e) MWCNTs-zinc acetate nanofibers (CZNF).

Fig.4: SEM images of (a) Zinc oxide nanofibers (ZONF) and (b) MWCNTSs-zinc oxide nanofibers (CZONF)
after calcination.
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ZnK 68.54 32.67 42.85 7.38

Fig.5 and Table 2: Elemental composition of MWCNTs-zinc oxide nanofibers (CZONF) determined by
EDAX

3.3. FT-IR

FT-IR examination was performed in the range 400-4000 cm™ of the prepared samples to examine the
detailed structure of the bonding. FT- IR spectra of different concentrations of MWCNTs. It can be seen that
the intensity of the peaks increased with concentration of MWCNTSs (Fig.6). However, after the MWCNTSs are
treated, many groups are introduced onto the surface of MWCNTSs, such as carbonyl groups reveal at about
1705 cm™, and oxygen—hydrogen bonds and C=C bonds reveal at about 3427 cm™ and 1568 cm™, respectively
[36].

Fig.7 showed the FT-IR spectra of ZONF and CZONF calcined nanofibers. All the described peaks are
weakened in the calcined ZnO nnanofibers. Also, the calcined IR spectra showed a well defined peak of ZnO at
426 cm ', confirming the presence of ZnO and the decomposition of the PVA. Our results are in good
agreement with the reported studies [37].
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Fig.6: FT-IR spectra of MWCNTs nanofibers (CNF1), (CNF2), (CNF3) and MWCNTs-zinc acetate
nanofibers (CZNF).
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Fig.7: FT-IR spectra of zinc oxide nanofibers (ZNF) and MWCNTs-zinc oxide nanofibers (CZONF) after
calcination.
Optical characterization:
UV-VIS transmition:

An increase in the percent of transmittance was observed in Fig. 8 with increasing MWCNTs percent in the
samples CNF1, CNF2 and CNF3 nanofibers. It can also be observed that the MWCNTs addition has a profound
effect on the fiber's optical transparency; with increase in transparency down to 65% and great increase due to
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the fact that the MWCNTs are not transparent and absorb the incoming light then increase the light
scattering. Addition of Zn Acetate increased the transimition in visible region to 80% percent. This can be
revealed that the Zn-acetate fibers are highly transparent in the visible region from 600 nm about 95%.

After calcination of CZNF, the optical transimittion increases for CZONF compound. This finding could be
attributed to the decomposition of all the organic components presents in the as-spun fibres and the
transformation from the amorphous state to crystalline state as evidenced by the XRD results. The percent
transmittance for CZNF (80%) was found to be lower than that of CZONF (90%). As earlier stated; the
decomposition of the organic polymer and the removal of the acetate from the Zn(CH3;COO),.2H,0 to form
crystalline ZnO provoked a reduction in the thickness which led to a rise in the transmittance [38, 39]. The
transmittance increased from the visible to the near-infrared region. A high transmittance value for zinc oxide
was also reported previously, which implies that the ZnO deposited is very transparent as it allowed almost all
the incident light to pass through it and absorbed very little as shown in Fig.9. The optical bandgap of the
CZNF and CZONF was 1.56 and 2.75 eV and after calcination determined by assuming that ZnO is a direct
band gap semiconductor
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Fig.8: UV-VIS transimittion spectra of MWCNTSs nanofibers, (CNF1), (CNF2), (CNF3) and MWCNTs/zinc
acetate nanofibers (CZNF).
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Fig.9: UV-VIS transimittion spectra of zinc oxide nanofibers (ZONF) and MWCNTSs-zinc oxide nanofibers
(CZONF) after calcination.

Table 3: the optical band gap of the samples

Nanocomposites The band gap (ev)
ZNF 1.78
CZNF 1.56
ZONF 2.81
CZONF 2.75

Electrical Properties:

The change of the electrical properties (dielectric constant and conductivity) of CNF1, CNF2, CNF3, ZNF and
CZNF according to different frequency and concentration of MWCNT were studied (Figs. 10-13). The dielectric
constant (¢) of the MWCNTs nanofibers increased with increasing MWCNTs concentration whereas, ZNF is
very low compared to that of CZNF individual MWCNTs.

The conductivity of ZNF is higher than that of CZNF, the reason for such low conductivity is that the presence
of amorphous carbon and other impurities in MWCNTs prevents the flow of electrons [40-49]. One of the
methods of improving the electrical properties of CNT fibers is to create a path through which electrons flow
on the MWCNTs fibers [44, 45] succeeded in improving the electrical properties of MWCNT fibers via the
synthesis of a metal-CNT composite fiber in a process called self-fuelled electrodeposition. Produced in such a
way, the composite fibers were designed to serve as external circuits through which electrons could travel with
a metal reductant deposited on the MWCNT surface. The electrical conductivity of CZNF nancomposite fibers
improved that of MWCNTSs .
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Fig.10: Variation of dielectric constant of MWCNTSs nanofibers (CNF1), (CNF2) and (CNF3).
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Fig.11: Variation of dielectric constant of zinc acetate nanofibers (ZNF) and MWCNTs-zinc acetate
nanofibers (CZNF).
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Fig.12: Variation of conductivity of MWCNTSs nanofibers (CNF1), (CNF2) and (CNF3).
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Fig.13: Variation of conductivity of zinc acetate nanofibers (ZNF) and MWCNTs-zinc acetate nanofibers
(CZNF).

Antimicrobial Activity
As shown in table (3) Gram positive and negative bacteria were inhibited by compounds CNF2, CNF3, CZNF

and CZONF. On the other hand, the tested compounds exhibited different activities against the yeast
pathogen Candidaalbicans with compounds CNF2, CNF3, CZNF and CZONF. CZNF compound is the most
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active against the bacteria and yeast pathogen. So, these compounds can be used as food packaging, baby
powder, barrier creams to treat diaper rashes, in Calamine lotion and antidandruff shampoo.

Table 4: Antimicrobial activity of some new compounds

Gram CNF1 | CNF2 | CNF3 | CZNF | CZONF | ZONF | CONTROL | REFERANCE
strain
reaction (DEMSO)
Microorganism
Candida 15 15 18 30 25 0.12 15 40
albicans
Bacillus cereus Positive | 10 17 10 30 25 10 10 28
Staphylococcus | Positive | 15 19 15 36 0 0 15 31
aureus
E Negative | 11 12 12 24 19 10 12 26
Escherichia coli
Pseudomonas Negative | 11 19 11 25 20 0 12 27
aeruginosa

Conclusions:

MWCNTs and MWCNTs/ZnO composite nanofibers were successfully prepared by the electrospinning
technique. The spun nanofibers were investigated including morphology, structure, chemical composition,
bandgap and transmittance.The deposited nanofibers of ZnO has gained wide spread attention owing to its
wide bandgap and high transmittance value. The UV peak at about 300 nm comes from MWCNTs. The peaks
at about 368 nm are assigned to UV emission originating from the wide band gap of ZnO. The transmittance
value of MWCNTs increased with the addition of ZnO from 56% and 99% in the visible region makes it a
candidate for applications in the field of optoelectronics. Electrical properties results showed that the
conductivity of ZNF is higher than CZNF ,the reason for such low conductivity is that the presence of
amorphous carbon and other impurities in MWCNTs prevents the flow of electrons. CZONF nanofibers have
electrical properties similar to those of semiconductors and show an electrical conductivity of 5-6 x 10”S/cm
at room temperature. The synthesized nanofibres were studied for antimicrobial activities against the
microorganisms. It was observed that the tested compounds CNF2, CNF3, CZNF and CZONF exhibited
different activities against the bacteria and yeast pathogen. CZNF compound is the most active against the
bacteria and yeast pathogen. So, these compounds can be used as food packaging. It may also be concluded
from this study that such nanofibers may be used in pharmaceutical research in future.
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