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Abstract: Taxonomic Electrochemical energy storage devices such as zinc air batteries and alkaline fuel cells are on
a growth trajectory which cost less to operate. For the improvement of a number of renewable energy technologies,
including metal-air batteries improved catalyst for the OER are required. One of key factors in OER improvement is
the increasing the specific surface area. Here, the synthesis of MnCo,O./MWCNT composite fabricated by the
electrospinning methods with enhanced surface area, is presented. Corresponding characterizations by SEM, WRD,
BET, XPS of MnCo,04/MWCNTs prepared through electrospinning method, reveal the formation of higher specific
surface area comparing to MnCo,04 and MnCo,O,/MWCNT composites prepared by hydrothermal method. All
samples were utilized as oxygen evolution reaction (OER) catalysts for electro catalytic H, generation through water
electrolysis. A quite low over potential of 520 mV is required to attain a current density of 10 mA/cm?, with a Tafel
slope of 114 mVdec ' for OER in 1 M KOH solution.
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1. Introduction

The adverse environmental effects of fossil-fuel-
based energy systems, their sustainability issues and
increasing demands have given impetus to research
into advanced energy conversion and storage systems
[1] [2]. Tt is necessary to develop energy storage
devices such as batteries, capacitors, fuel cells and
supercapacitors that play important roles in the
application of renewable energy in order to make the
energy stable and meet the energy demand [3] [4].
The industrialization of Li-air system faces numerous
safety and stability issues due to highly reactive nature
of lithium although this battery has the highest
theoretical energy density. Because of its high energy
density which is about 4 times higher than the Li-ion
battery, non-toxicity and abundance of Zn in the
earth’s crust Zn-air battery is best choice for
commercialization [5] [6]. One of the most important
reactions is oxygen evolution reaction (OER).
Recently, the best electro catalysts for OER are noble
metal oxides like IrO, or RuO, with their high cost,
scarcity, and instable catalytic performance restrict
those wide application [7]. Therefore, developing an
efficient non noble metal oxide OER -catalyst is
emergent. Various studies have been reported the
spinel-type metal cobaltite systems whose chemical
formulas are MCo,0; such as Co03;04, MnCo,0,,
NiCo0,04, ZnCo0,0, and so on. Those received interest
due to their high theoretical capacity [8]. Among

them, MnCo,0, are the superior capacity performance
nevertheless their particle applications are still low
conductivity, poor stability, and imperfect durability
during the charging/discharging process [9]. To
improve the electrochemical property, many methods
such as conductive material namely graphene sheet
[10], reduced graphene oxide (rGO) [11], multi-wall
carbon nanotubes (MWCNT’s) were used [12]. In
Addition, several studies indicated the mixed
transition metal oxides with hollow/porous structure
lead to enhance near-surface storage capacity and
activity. Thus, the electrospinning formation pathway
of the synthesized fibrous tubular structures was
found to be different from the existing heterogeneous
contraction mechanism which affects the final
morphology structures [13]. In this study, MnCo,0,4
and MnCo,O/MWCNT  composited catalysts
synthesized by the hydrothermal and electrospinning
methods are compared the performance in terms of
enhancing the OER. To clarify the inherent
mechanisms, involving the high specific surface of
MnCo,04/MWCNT by electrospinning methods, the
role of conducting MWCNT in the composite
catalysts. The MnCo,O4/MWCNT composited
catalyst prepared through different methods leads to
the different values of the specific surface area which
directly affect to enhance the OER. The
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characterization and electrochemical properties of
those prepared catalysts were observed by SEM,
XRD, BET, XPS, LSV and CV.

2. Materials and experiments

2.1 The Experiments
2.1.1 Preparation of MnCo,04 and
MnCo,0/MWCNTSs

Hydrothermal method: 0.5 mmol of

manganese acetate and 1 mmol of cobalt nitrate were
mixed in 60 ml of deionized water, then 0.01 mmol of
urea were added. The suspension was continually
stirred until the solution turns clear pink. After that
transfer the obtained solution to a 100 ml
hydrothermal kettle and put into the constant
temperature oven temperature for 8 hours under the
condition of 120 ‘C. Clean it with deionized water and
anhydrous ethanol for three times, then put the
obtained solution into the oven and dry it at 80 C.
The precursor was put into muffle furnace, kept at
400 °C for 2 hours at 2 ‘C/min of heating rate.

Electrospinning method: 5 g of absolute
ethanol and 5 g of DMF were mixed and stirred by
magnetic stirrer. Then 0.5 mmol of manganese acetate
and 1 mmol of cobalt nitrate were added and
continued stirring for half an hour until all are
dissolved. After that 1 gram of PVP was slowly added
and stirred for 3 hours to make the solution uniform.
The solution was transferred into a 10 ml syringe, load
the needle and connect the high-voltage power supply
working at 20 kV of voltage, 15 cm plate spacing and
1 ml/h spinning speed. The spinning precursor was
put into the muffle furnace for 2 hours at 400°C (2°C
per minute of heating speed).

To prepare MnCo,O,/MWCNTs, 0.5 g of the
prepared MnCo,0,4 was dispersed in 20 ml ethanol by
ultrasonication for 30 minutes. To the well-dispersed
MnCo204 suspension, 5 wt % of MWCNT was added
and further sonicated for 4hours. Later, the suspension
was allowed to dry in an oven maintained at 80 °C.
2.1.2  Basic characterizations

X-ray diffraction analyzer (SHIMADZU, LabX
XRD-6100.) was performed at working voltage of
40KV and working current of 30 mA with a scanning

angle range of 20-80° (6°/min), using Cu-Ko radiation.

Scanning Electron Microscope (SEM, Quant 250FEG)
was performed at a test voltage of 20 kV with
amplification of 3000-100000 times. X-ray
photoelectron spectroscopy  (XPS, Thermo,
ESCALAB 250Xi) was performed the monochromatic
AL Kaa (hvn = 1486.6 ¢V) with the power of 150 W.
The fixed transmission energy of 500 um with beam
spot energy analyzer is 30 eV. Brunauer-Emmett-
Teller specific surface analyzer (BET, Gemini VII
2390) used to measure the nitrogen adsorption and
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desorption on the powder samples at 77 K.
2.1.3  Electrochemical characterizations

The working electrodes were prepared by
depositing active catalyst suspensions onto a glassy
carbon (GC, 0.07 cm?) using a micro injector. The
suspensions were prepared by mixing 20 mg catalyst,
20 mg conductive carbon, 1 mL DI water, 1 mL
isopropanol and 40 pL Nafion solution (5 wt %) and
sonicated for 1 h to homogenize. A 4 uL aliquot of
this suspension was drop-cast onto the GC disk
electrode and left to dry under an inverted beaker in
natural conditions. The typical catalyst loading was
0.035 mg cm .

All  electrochemical measurements  were
performed in a conventional three-electrode system on
an electrochemical station (CHI 660e). The GC
electrode within catalysts ink, Platinum (Pt) wire and
Ag|AgCl (3.5 M KCl) electrode were used as working
electrode, counter electrode and reference electrode,
respectively. In ECSA tests, the electrolyte (0.1 M
KOH) was introduced N, for 30 min to empty O,,
while other tests would introduced O, for 30 min
another to ensure O, is saturated, and maintained
introducing O, throughout the test. Polarization curves
were obtained using linear sweep voltammetry (LSV)
measurements performed on a rotating disk electrode
(RDE) at 1600 rpm, at a scan rate of 5 mV s ' from 0
to 1 V vs. AglAgCl (3.5 M KCl). In order to ensure
the electrodes ran steadily, cyclic voltammogram
(CV) had been performed from -1 to 1 V vs. Ag|AgCl
(3.5 M KCI) for 50 times even more till reproducible
curves were observed. The electrochemical impedance
spectra (EIS) measurements were performed at 0.7 V
vs. AglAgCl (3.5 M KCl), in the frequency range of
100 kHz to 0.01 Hz under an AC voltage of 5 mV.
The electrochemical specific surface (ECSA) test was
performed by CV measurements in a non-faradic
current region (0.25-0.35 V vs. Ag|AgCl) at scan rates
of 2, 4, 6,8, 10 mV s™. The stability of samples were
performed by chronopotentiometry measurement at 10
mA cm? for 7200 seconds, which can evaluate a
catalyst’s activity and short term stability [14].

3. Result and discussion
Characterization

The morphology of prepared MnCo204 and
MnCo204/MWCNT  composite powders were
investigated using scanning electron microscopy
(SEM), as shown in Figure 1.

As the SEM images in Figure 1 (a) and (b)
displayed the morphology of MnCo0204 and
MnCo204/MWCNT prepared by the electrospinning
method (E-MnCo204 and E-MnCo204/MWCNT),
respectively.
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Figure 1 SEM images of (a) E-MnCo,0s, (b) E- MnCo,O/ MWCNT (c) H-MnC0,0, and (d) H- MnCo,0)/ MWCNT

Both samples showed the typical fibrous
morphologies with a thickness of approximately 0.2
pm for E-MnCo204 and approximately 1 um for E-
MnCo0204/MWCNT. Decorating of MWCNT layers
made the E-MnCo204/MWCNT fibers thicker than
those pure. Figure 1 (c) and (d) presented the
morphology of MnCo204 and MnCo204/MWCNT
prepared by the hydrothermal method (H-MnCo0204
and H-MnCo204/MWCNT), respectively. Both
samples exhibited amorphous particles in the
agglomerated state. The morphology of H-MnCo0204
and H-MnCo204/MWCNT display the particle size
similarly.

To characterize the crystalline structure of
synthesized MnCo204 and MnCo204/MWCNT
composite, X-ray diffraction (XRD) was operated at
an operating voltage of 40 kV and working current of
30 mA within a range of 20-80 ° with an interval of
0.02 ° using Cu-Ka radiation.

As Figure 2 showed XRD patterns of all sample.
Those indicated the sharp peak at (311), 26=35.995
which corresponded to the main peck of Manganese
cobalt oxide (MnCo0,0,) and other peaks such as
(111), (220), (400), (422), (511) and (440) were
concurrence to the pure phase of MnCo,0,. Following
the standard data of MnCo,0, (JCPDS No. 23-1237),
their XRD patterns indexed as a face-centered cubic
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structure of MnCo,0, with the space group fd3m [15].
The XRD of H-MnCo,0,/MWCNT and E-
MnCo,04/MWCNT presents the peak at 26.14 © (002)
which corresponded to the main peak of pristine
MWCNT.
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Figure 2 XRD patterns E-MnCo0,04, E- MnCo0,0,
/MWCNT, H-MnCo,0,, and H-MnC0,0,/MWCNT
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Figure 3 (a) the Mn2p core level spectra and (b) the Co2p core level spectra of E-MnCo,04, H-MnCo0,0,, E-

MnCo,O4/MWCNT and H-MnCo,O/MWCNT

X-ray photoelectron spectroscopy (XPS) analysis
was operated to investigate the chemical composition
of surfaces. As Figure 3 (a), the core level spectra of
Mn,, showed the prominent peaks at 652.18, 640.83
eV and 652.98, 640.88 ¢V of E-MnCo0,04 and H-
MnCo0,0q, respectively. Similar to E-
MnCo,04MWCNT  and  H-MnCo,O4/MWCNT
displayed the significant peaks at 652.98, 641.38 eV
and 652.98, 641.18 eV, respectively. Those two main
peaks correspond to the spin-orbit-split of Mn 2p),
and Mn 2ps,. While the core level spectrum of cobalt
(Co 2p), shown in Figure 3 (b), exhibits the main
peaks represented Co 2pip (=795) and Co 2psp,
(=780). These results show the presence of mixed
both Mn**, Mn’* and Co**, Co’* [16]. Table 4.

The core-level spectrum of oxygen was
presented in Figure 4. These deconvoluted results
correspond to the surface oxygen and metal-oxygen
bond in the metal oxide. Besides, the peaks in Figure
4 can be divided into three peaks. The red peak
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represented lattice oxygen or highly oxidative oxygen
species (O* or O, */O). The green peak showed
hydroxyl groups or the surface absorbed oxygen (-OH
or Oy), and a blue peak is associated with absorbed
molecular water [17].

Base on Table 1, we can clearly recognize
that the lattice oxygen or highly oxidative oxygen
species of MnCo,O,/ MWCNT electrocatalysts show
significantly larger the area under the graph than the
pure MnCo,04. The O* or 0, 2/O of E-MnC0,0,
with MWCNT show 6.31% over E-MnCo0,0,, while
H-MnCo,0,/MWCNT present the higher O* or O, *
/0" of H-MnCo0,04 (17.81%). Comparing with the
fabrication methods, E-MnCo0,O4/MWCNT shows the
larger lattice oxygen / high-valent oxygen ion pair
than H-MnCo,0,/MWCNT 3.23%. The lattice oxygen
/ high-valent oxygen ion pair (O* or 0O,” / O") plays
an important role in the oxygen precipitation reaction
of the water decomposition process [17].



New York Science Journal 2020;13(6)

http://www.sciencepub.net/newyork

E-MnCo,0, 015
3
s b
Fy
§ H-MnC0204 015
=
536 534 532 530 528 .

Binding Energy (eV)

Intensity (a.u.)

E-MnC0,0,/MWCNT

528

530
Binding Energy (eV)

536 534 532 526

Figure 4 The oxygen core level spectra of E-MnCo0,0, and E-MnCo,04/MWCNT, (b) H-MnCo,04 and H-

MnCo,0O/MWCNT
Table 1 Ols XPS peak deconvolution results
Electro-catalysts O* or 02 7/O -OH or O, H20
H-MnCo0204 12.37% 22.32% 65.31%
E-MnCo0,04 27.1% 42.6% 30.3%
H-MnC0204/MWCNT 30.18% 29.26% 40.56%
E-MnC0204/MWCNT 33.41% 31.64% 34.95%

To investigate the surface areas, Brunauer-
Emmett-Teller (BET) technique was operated. As
Figure 5 (a and b) show certain hysteresis loops of H-
MnCo,0/MWCNT and E-MnCo,04/MWCNT in the
adsorption and desorption curve of nitrogen, which
indicates that pore structure appearing on the sample.
Following Figure 5 (c), the specific surface area of H-
MnCo,O4/MWCNT and E-MnCo0,0/MWCNT can be
compared through the BET curve chart of obtained
isotherm data from partial pressure range of 0.05 to
0.3. The specific surface area of E-
MnCo,O/MWCNT composite prepared by the
electrospinning method is 67.85 m® g, which is
significantly larger than H-MnCo,0,/MWCNT
composite prepared by hydrothermal method. (51.93
m?/ g). The specific surface area of the catalyst plays a
critical role in OER. A larger specific surface area
indicates that the catalyst offers a more active site in
the catalytic process. According to the BET test
results, theoretically, E-MnCo0,0,/MWCNT presented
a better catalytic effect in OER than H-
MnCo,04/MWCNT. However, those prepared
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MnCo,04/MWCNT composited catalysts also need to
investigate further electrochemical measurements.
3.1 Electrochemical properties

Onset potential is the most significant factor for
evaluating the performance of the OER catalyst. To
investigate the onset potential of as prepared
composite catalysts, a linear sweep voltammogram
(LSV). Figure 6 (b) shows a current density of 0.1
mA/cm’, which is considered to represent an onset
potential required for catalytic processing. E-
MnCo,0O4/MWCNT was observed the significant
lower onset potential (1.507 V) than those other; H-
MnCo,O0/MWCNT (1.523 V), E-MnCo,0, (1.525
V), and H-MnCo,0, (1.528 V). Meanwhile, a noble
metal oxide catalyst, IrO, shows the lowest onset
potential (1.488 V). The onset potential value is very
difficult to observe the exact values and use as a
general possibility to compare the properties of
catalysts reported in the literature. Therefore, the
value of the over potential at 10 mA/cm’ (EF=10),is a
value which is considered more reliable and
commonly used.



New York Science Journal 2020;13(6)

http://www.sciencepub.net/newyork

As shown in Figure 6 (a), E-MnCo,04/MWCNT
exhibits the lowest over potential at approximately
0.52 V, which is significantly lower than H-
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Figure 5. Nitrogen adsorption and desorption curves
MnCo,0O4/MWCNT and (c) BET curves of three catalysts
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Figure 6. iR-corrected

The quality of good OER is that it should have a
low Tafel slope and large current density. Following
Figure 7, Tafel slopes of E-MnCo,O4/MWCNT
(114.97 mV/dec) and E-MnCo,04 (117.49 mV/dec)
indicated lower than those samples prepared by the
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(b) s}

MnCo,0/MWCNT (0.54 V), E-MnCo0,04 (0.54 V),
and H-MnCo,0,4 (0.57 V). A smaller over potential

indicates better catalytic activity for OER.
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(119.87 mV/dec) and H-MnCo0,0, (140.19 mV/dec).
EIS measurements are generally interpreted

using a correlation between the impedance data and an

equivalent circuit representing the physical processes
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taking place in the system under investigation or
through graphical representations. Figure 4.3
demonstrated the EIS curves of prepared catalysts.

1.85
®  H-MnCo,0, 140.19 mV dec’
1804 ® EMnCo0, 117.49mv dec”
' A H-MnCo,0/MWCNT 119.87 mV dec’
v E-MnCo,0/MWCNT 114.97 mV dec’
% 1.75 Fitting line
x
¢
> 1.70
g
e
@ #
S 1.65-
1.60
15854
0.0 0.1 0.2 0.3 04 0.5 06

Log J (mA cm™?)

Figure 7. Tafel plots of H-MnC0204, H-MnCo0204/
MWCNT, E-MnCo0204, and E-MnCo204/MWCNT

The result showed a smaller semicircle of
MnCo,O4/MWCNT composite than pure MnCo,04
for both preparation methods; electrospinning and
hydrothermal methods. E-MnCo,O/MWCNT
exhibited the lowest resistance, followed by H-
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MnCo,0/MWCNT, which suggests that decorating
MWCNT provides the potential to reduce the
electrochemical impedance. Those also improve the
electronic conductivity of the catalyst for OER [18].
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Figure 8. Electrochemical impedances of H-MnCo0,0y,
H-MnCo0,04/MWCNT, E-MnCo0,0,, and E-MnCo0,0,/
MWCNT catalysts
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Figure 9. Cyclic voltammogram measurement of (a) H-MnCo,04, (b) H-MnCo0,0,/MWCNT, (c) E-MnCo0,0,, and
(d) E-MnCo0,0,/MWCNT in different scan rates (2 to 10 mV/s)
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Figure 10. Electrochemical specific surface (ECSA)
results in the function of scan rate.

The active surface area is the most important
element of improving electro catalyst for OER. To
investigate the perspective of electrochemical specific
surface area for evaluating the exact active site of
OER, Cyclic voltammograms (CV) measurements are
often used to calculate the electrochemical surface
area (ECSA) of electro catalysts [19]. In Figure 9, CV
measurement is determined in the area of the current
0.35-0.45 V vs Ag (AgCl) with a scan rate of 2, 4, 6, 8
and 10 mV/s. Figure 10 presented the result based on
the current density difference (AJ/2 = (J,-J.)/2) at 0.3
V vs. Ag | AgCl in the function of scan rate. The
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electrochemical double-layer capacitances (Cq) result
displayed the Ca of  H-MnCo,0;,, H-
MnCo,04/MWCNT, E-MnCo,0, and E-
MnCo,O/MWCNT is 43.7, 16.6, 34.6 and 80.8
mF/cm?, respectively.

In practical applications, the stability of a
catalyst is a major factor which is severely affected by
various factors such as natural. The stability results of
the samples are shown in Figure 11. The black curve
in the figure represents an LSV before the accelerated
cycle and the red curve denotes after the accelerated
cycle. In terms of the decreased percentage of
potential at 10 mA/s after accelerated 1000 cycles, the
H-MnCo,0; catalyst showed a decrease of 2.198 %.
Meanwhile, H-MnCo0,04/MWCNT, E-MnCo,0,, and
E-MnCo0,04/MWCNT composite catalyst displayed
decreasing of 1.765 %, 5.814 % and 3.841 %
respectively. In comparison, the H-
MnCo,04/MWCNT sample demonstrated stability
greater than H-MnCo,0, one. In the same directions,
E-MnCo,04/MWCNT also exhibited better stability
than E-MnCo,0,. With these results can be suggested
that decorating with MWCNT has an influence on the
stability of an electro-catalyst. However, the stability
of all samples in this study was presented with quite
good stability after 1000 cycles.

(b) H-MnCo,0 /MWCNT
—— Before
—— After
10+
o
£
Q
£
S 59
04 =
10 12 14 16 18
iR-corrected E (V vs RHE)
15
(d) E-MnCo,0 /MWCNT

Before
—— After

1.0 12 14 16 18
iR-corrected E (V vs RHE)

Figure 11. Electro-catalytic stability of (a) H-MnCo,0,, (b) H-MnCo,0./MWCNT, (c) E-MnCo,04 and (d) E-
MnCo,04/MWCNT composite catalysts after 1000 cycles

16



New York Science Journal 2020;13(6)

http://www.sciencepub.net/newyork

Following these, all results can be suggested that
E-MnCo0,04/MWCNT provides better performance of
OER. The morphology of catalyst prepared by the
electrospinning method is in microfiber shape which
offers a high specific area over other as-prepared
catalysts. This is one of the essential factors for better
OER. Additionally, the decoration of MWCNT
directly affects the better OER. In terms of
electrochemical properties, E-MnCo,0/MWCNT
shows the lowest onset potential, over potential, and
Tafel slope comparing to others, while the ECSA
value of E-MnCo,O4/MWCNT is much larger. To
study and compare the electrochemical properties of
as-prepared electro-catalyst will be contrasted with
others to analyst the performance of electro-catalyst in
several views.

4. Conclusion

In summary, the MnCo,0, and
MnCo,04/MWCNT composite catalysts via both two
preparation methods; hydrothermal and

electrospinning were prepared. All experiment results
can be suggested that E-MnCo,0/MWCNT provides
better performance of OER. The morphology of
catalyst prepared by the electrospinning method is in
microfiber shape which offers a high specific area
over other as-prepared catalysts. This is one of the
essential factors for better OER. Additionally, the
decoration of MWCNT directly affects the better
OER.

A designed electro-catalyst for enhancing OER
required a catalyst that is able to overcome the large
active energy at low potential. Although the catalytic
materials are the most important issue, several
parameters also significantly influence their reactions
such as an electrode, electrolyte, onset/over potential,
Tafel slope and stability. Additionally, the decoration
of MWCNT directly affects the better OER. In terms
of electrochemical properties, E-MnCo,O/MWCNT
shows the lowest onset potential, over potential, and
Tafel slope comparing to others, while the ECSA
value of E-MnCo0,04/MWCNT is much larger.
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