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The present work explores a facile route to synthesize NiO nanofibers using a hybrid method based on
a combination of electrospinning and calcination techniques. Poly acrylonitrile was used as a template
matrix to maintain the nanostructrure of produced NiO. The as-prepared nanostructured material was
characterized with X-ray diffraction (XRD), energy dispersive X-Ray (EDX), and scanning electron
microscopy (SEM), respectively. The electrochemical properties towards methanol oxidation have
been studied using cyclic voltametry and Cchronoamperometry technique. Electrocatalytic oxidation
of methanol on prepared NiO nanostructure in a potential range of 0-800 mV (versus SCE) is studied
by cyclic voltammetry in alkaline medium (1.0 M KOH). Prepared NiO nanostructure showed an
interesting activity towards methanol oxidation. The effect of scan rate has been studied and the
process has approved to be diffuse rather than surface controlled.
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1. INTRODUCTION

Electrospinning is an efficient and outstanding technique to fabricate polymer nanofibers [1].
Many polymers have been successfully electrospun into fibers such as Polyacrylonitrile, PAN [2],
Polyvinyl alcohol, PVA [3], PVC [4] Polyethylene oxide, PEO [5].....etc [1]. Polymer nanofibers
produced by electrospinning technique have several interesting features such as “high surface area,
high porosity, good mechanical properties, high and cost effectiveness” [6]. Different composite with
various compositions have also produced using electrospining technique [6-9] For different
applications such as sensors [8, 10], biomedicals [11-13], energy [14] and many technological
applications [15].
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Nickel oxide (NiO) has been used in several fields, such as dye-sensitized solar [16], gas
sensor [17], fuel cell [18] and catalysis [19]. On the other hand, several techniques have been used to
prepare NiO nanostructures, including hydrothermal growth method [20], sol-gel method [20, 21],
electro deposition [22], sputtering [23] and chemical vapor deposition [24]. Recently, electrospinning
technique is used to prepare Porous NiO fibers for Li-ion batteries application [25]. In this study, we
describe the synthesis of nanostructure NiO electrocatalyst based on elctrospun fibers template. The
fiber template is prepared by electrospinning a solution mixture of polyacrylonitrile and 50 wt % NiO.
The results indicate that prepared NiO electrocatalysts has an interesting activity in electrochemical
oxidation of methanol in alkaline medium.

2. EXPERIMENTAL

2.1 Carbon naofibers preparation

10 g of PAN (150,000 g/mol) was dissolved in Dimethyl formamide (DMF) at 25 °C under
continuous stirring for 3 h., then 5 g of Nickel(Il) nitrate hexahydrate was added and the resultant
solution was stirred at 25°C for 3 h.

Electrospun fibers were produced by electrospinning prepared solution at a potential of 20 kV
using A 10 ml syringe with a metal needle , which kept at a distance of 17 cm from aluminum
collecting drum covered with an aluminum foil. The flow rate was adjusted to be 0.5 ml/hour using a
syringe pump (Schematic diagram 1). Prepared electrospun fibers were collected and dried at 50 °C
under vacuum. Nanostructure NiO nanofibers were prepared during heat treatment step (Calcination
process) at 400 °C in the air for 3.5 h.
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Schematic Diagram 1: Typical electrospinning setup of the electrospinning process.
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2.2. Materials characterization

X-ray diffracttometer using CuKa radiation (XRD, Bruker D8 Advance X-ray diffractometer),
and thermal field emission scanning electron microscopy (JSM-7100F) were used to evaluate the
crystal structure and The morphology- the composition of the as-prepared materials, respectively.

2.3. Electrochemical measurements

Electrochemical activities of prepared nanomaterials were measured using Gamry Interface
1000 Potentiostats/Galvanostats/ZRA [26]. The cyclic Voltammetry (CV) curves were collected with a
potential window from 0. 0 to +0.8 V (vs. SCE) at a scan rate of 20 mV s—1 in 6M KOH and a
potential window from 0. 0 to +0.8 V (vs. SCE) at different scan rates from 1 mV s—1 of 100 mV s—1
In 1.0 M MeOH/6 M KOH for methanol oxidation measurements. All the measurements have been
done in Dr. Bob’s Pyrex glass cell against Saturated Calomel Reference Electrode (SCE). The counter
electrode was a Pt wire or 1 mm diameter and 15 cm long. Working electrodes were fabricated as
following:

First step, 0.1 mg of carbon Vulcan xc-72 in 0.5 ml isopropyl alcohol and placing it in an
ultrasonic bath for 30 min, 10uL of the dispersion was deposited onto a glassy carbon (GC) disk
electrode followed by one drop of Nafion solution (10 wt.%) and left to dry for 6 h. the second step
was achieved by dispersion a 0.1 mg of the prepared NiO nanostructure materials in 0.5 ml isopropyl
alcohol and placing it in an ultrasonic bath for 30 min, 30uL of the dispersion was deposited onto a
carbon vulcan xc-72/glassy carbon (GC) disk electrode followed by one drop of Nafion solution (10
wt.%) and left to dry overnight.

3. RESULTS AND DISCUSSION

3.1 Physical Characterization

The morphology of the as-prepared PAN/ Nickel(Il) nitrate hexahydrate electrospun fibers was
observed by means of field emission scanning electron microscopy (FESEM) at different
magnification, as presented in Figure 1a,b. The FESEM images reveal a sub-micron, random, uniform
fibers, and the size distribution of the produced elctrospun fibers was almost uniform and the diameter
of the electrospun fibers was 145-170 nm. Figure 2.a,b show the interesting morphology of
electrospun fiber after calcinations at 400 °C for 3.5 h in air. The images present the porous structure
formed after removal of PAN polymer template as a result of heat treatment. The results came in
agreement with results reported by Wang et.al [25]. The elemental composition of NiO according to
EDX analysis after calcination process is presented in Figure 3. The data reveal the presence of Ni and
O with higher weight ratio compared to carbon after calcinations, which gives a strong indication for
the removed of polymer template during the heat treatment process.
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Figure 3. Elemental composition of NiO according to EDX analysis after calcination at 400°C for 3h
in air.
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On the other hand, the XRD data in figure 4 reveal the presence of small amount of Carbon in
form of graphite, and NiO, which is consistent with the EDX results. A weak peak at about 26° was
observed to indicate the presence of small amount of Graphite C 2H (ICCD 00-041-1487). The
presence of graphite may be due to incomplete removal of PAN electrospun fibers template. The
absence of oxygen at deep electrospun fibers layers during heat treatment may be the main reason for
small amount of graphite formation.

On the other hand, the XRD patterns at 37.3°, 43.3°, and 62.8° 75.4°, and 79.4° correspond to
(111),(200),(220), (311), and (2 2 2) cubic NiO phases respectively (ICCD 00-047-1049). Using
Scherrer equation, it was possible to calculate the average grain boundary size of the prepared NiO
nanostructure.

Scherrer equation: D= K2

BCoz @

[27]

“Where D is the grain boundary size (in nm), kis the shape factor, 2is the X-ray
wavelength B is the width (in radians) at half the maximum peak intensity, and ¢ is the Bragg angle”
[27]. The calculated size for NiO calcinated at 400 °C is 20.4 nm.
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Figure 4. XRD patterns for NiO/ Nanofiber

3.2 Electrochemical Study

The electrocatalytic activity of NiO was examined in 6 M KOH and 1.0 M MeOH/6 M KOH
using CV experiments within a 0.0 — 0.8 V range. The characteristic shape of the CV curves for NiO in
alkaline medium is shown in Figure 4. The CV curve shows a special triangular with no sharp peaks,
and a fair capacitive behavior over the 0.8V range. Xing et al, reported the relation between
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calcinations temperature and capacitive behavior, where increasing the temperature of calcinations will
lead to enhancing the capacitive behavior [28]. It is well know that an electrochemical active layer of
Ni(OH), will formed on the surface of NiO once electrode is immersed in alkaline medium [27].

A redox process of Ni?*/Ni** according to equation 1 [27, 28]:

Ni(OH)2 +OH™ — NiOOH + H,0+ e~ ().

The reduction peak at 0.64 V may be related to a reduction reaction of Ni*to Ni**, where
formation of NiOOH as result of the presence of Ni*" on the electrode interface to react with
hydroxide ions or due to due to a reduction reaction of NiOOH to Ni(OH); [29].

Several groups has explained the anodic and cathodic behavior, and reported the mechanism of
oxidation and reduction of nickel oxy-hydroxy layer as follows [29, 30]:

- Oxidation 3+
Ni «————* Ni"" +e (2)
Reduction

Ni** +30H ——» NiOOH + H,0  (3)
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Figure 5. Cyclic voltammograms at 50 mV s of NiO in 6 M KOH

The electrocatalytic behavior of prepared NiO was investigated . Figure 6. shows the cyclic
votammograms for the oxidation of 1.0 M methanol at NiO. A significant a nodic current of methanol
oxidation at onset oxidation potential of 0.47 V vs SCE is observed. This anodic peak could be related
to the redox process of Ni(OH),/NiOOH conversion step [31]. It has been reported that, Ni(OH), is
presented in two different crystallographic forms; hydrous and anhydrous, a-Ni(OH);and B-
Ni(OH), respectively.The presence of two reduction peaks at 0.45 V and 0.7 V during backward seep
could be explained by the back reduction of both of B and o forms to NIOOH [31].
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Fleischmann et al.[32] and Aziz et al.[33], have reported the main mechanism of primary alcohol
oxidation, which described In the following equations:

Ni,(OH)+OH-—>NiOOH+H,0+e- (5)
NiOOH+RCH,OH—Ni (OH),+RC.HOH (6)
RC.HOH+30H-—RCOOH+2H,0+3¢— (7)
Golikand et al. has proposed the mechanism of methanol oxidation as following [34].
NiO + OH™ <> NiOOH + e~ (8)
CH30H + NiOOH — NiOOH(CH30H)4gs 9)
NiOOH(CH30H),¢s + NiOOH — NiO + NiOOH(CH30H)4g4s + H,0 (10)
NiOOH(CH30H)a4s + NIOOH — NiO + NiOOH(COH),¢s + H20 (11)
NiOOH(COH),¢s + OH  — NiO + HCOO + H,0 (12)

Several products out of methanol oxidation on Ni based catalysts have been reported to be
species containing formaldehyde,carbonate, and formate [27, 33, 34].
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Figure 6. Cyclic voltammograms at at 50 mV s for NiO in 1.0 M MeOH + 6 M KOH

Figure 7 shows the effect of scan rate of cyclic voltammograms of oxidation of 1.0 M methanol
oxidation in 6.0 M KOH at NiO electrocatalyst. The window for methanol oxidation process at higher
scan rates becomes wider in comparison with the lower scan rate, which suggests the facile electron
transfer between substrate and catalytic sites.

Increasing the scan rate leads to enhancing the current peak, which could be related to diffusion
or adsorption control of the process [33]. A plot of anodic peak height versus the square root of scan
rate is shown in figure 8. The plot found to be linear, which suggesting that the process is diffusion
rather than surface controlled [33].
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Figure 7. Cyclic voltammograms at different scanning rate for NiO in 1.0 M MeOH + 6 M KOH
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Figure 8. Variation of anodic peak height versus the square root of scan rate for oxidation of 1.0M
methanol in 6.0 M KOH at NiO.

4. CONCLUSION

This work presents a facile route to synthesize NiO nanofibers using a hybrid method, which is
based on a combination of electrospinning and calcination techniques.

Prepared electrospun fibers found to be a sub-micron, random, uniform fibers, and the size
distribution of the produced elctrospun fibers was almost uniform and the diameter of the electrospun
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fibers was 145-170 nm. On the other hand, the morphology of electrospun fiber after calcinations at
400 °C for 3.5 h., found to have a porous structure after removal of PAN polymer template as a result
of heat treatment. Prepared NiO nanostructure showed an interesting activity towards methanol
oxidation. The effect of scan rate has been studied and the process has approved to be a diffusion
rather than surface controlled.
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