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Abstract: To improve the efficiency of cathodic oxygen reduction reaction (ORR) in zinc—air batteries (ZABs), an adsorption—
complexation—calcination method was proposed to generate cobalt-based multicomponent nanoparticles comprising Co, Co;0, and CoN, as
well as numerous N heteroatoms, on graphene nanosheets (Co/Co304/CoN/NG). The Co/Co304/CoN nanoparticles with the size of less than
50 nm are homogeneously dispersed on N-doped graphene (NG) substrate, which greatly improve the catalytic behaviors for ORR. The results
show that the half-wave potential is as high as 0.80 V vs. RHE and the limiting current density is 4.60 mA-cm 2, which are close to those of
commercially available platinum/carbon (Pt/C) catalysts. Applying as cathodic catalyst for ZABs, the battery shows large specific capacity and
open circuit voltage of 843.0 mAh-g ' and 1.41 V, respectively. The excellent performance is attributed to the efficient two-dimensional struc-
ture with high accessible surface area and the numerous multiple active sites provided by highly scattered Co/Co;0,/CoN particles and doped
nitrogen on the carbon matrix.

Keywords: adsorption—complexation—calcination; cobalt-based multicomponent nanoparticles; N-doped graphene; oxygen reduction reac-

tion; zinc—air batteries

1. Introduction

The fast development of modern society makes it neces-
sary to explore efficient electrochemical devices for storing
and converting energy [1-2]. Zinc—air batteries (ZABs) have
drawn great attention because of their advantages of smooth
discharging behavior, environmentally friendliness, high en-
ergy density, and inexpensiveness [3—4]. However, the cath-
odic oxygen reduction reaction (ORR) is slow in kinetics,
and the performance of ZABs is largely determined by the
electrocatalysts which promote their reaction efficiency [5].
At present, the most effective ORR catalyst is platinum-based
precious metal materials, such as Pt alloys and Pt/C compos-
ites. In addition to being expensive and scarce in resources,
these catalysts also have disadvantages of poor durability,
low selectivity, and poor methanol tolerance. Therefore, it is
particularly important to develop nonprecious ORR elec-
trocatalysts with both high catalytic activity and stability.
Among them, transition metals have a variety of compound
configurations and exhibit adjustable electrocatalytic activity,
which are frequently studied in electrocatalysis fields. In the
past decades, the study of transition metal compounds
(TMCs) as efficient electrochemical catalysts for ORR has
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become a research hotspot, including single TMC materials
and multi-component TMCs materials [6-9].

Transition metal oxides have drawn great attention be-
cause of their high electrochemical stability, good ORR cata-
lytic activity, and low cost. However, most transition metal
oxides are insulators or semiconductors, which inhibit intern-
al electron transfer and electron transfer between catalysts
and supporting electrodes [10—-12]. Hence, sole oxides as
electrocatalysts often show high overpotential and low reac-
tion efficiency. Compared with oxides, nitrides usually ex-
hibit better conductivity because of the lower electronegativ-
ity of N than O atoms [13]. What’s more, as nitrides tend to
grow in the form of interstitial compounds, the distance
between metal atoms increases and the d band shrinks, which
leads to the increase of density of states near Fermi level and
is conducive to electrocatalysis [14]. However, in many
cases, the adsorbing ability of O, on nitrides is still weaker
than that on oxides, which is not favorable for triggering
ORR [15]. Therefore, combining nitrides and oxides into one
integrated system is believed to be a worth trying approach to
achieve high catalytic activity, together with relatively good
conductivity [16—17]. In addition, the existence of metallic
phases can also improve the electronic transport and promote

@ Springer


https://doi.org/10.1007/s12613-022-2498-0
https://doi.org/10.1007/s12613-022-2498-0
https://doi.org/10.1007/s12613-022-2498-0

S.J. Liu et al., Cobalt-based multicomponent nanoparticles supported on N-doped graphene as advanced ... 2213

the efficiency of electrocatalytic reactions [18—19]. However,
it is a big challenge to construct systems comprising multiple
components of oxide, nitride, and metallic phases in simple
steps, whose synergistic effect may lead to optimized elec-
trocatalytic performance for ORR.

In order to further promote the electron transport effi-
ciency and increase the utilization ratio of active sites, com-
pound based active species are usually supported on carbon
matrix in practical research. Different carbonaceous materi-
als with various microstructures have been unitized, such as
carbon nanotubes [20], carbon nanofibers [21], mesoporous
carbon [22], and graphene [23]. These microstructures can
increase the electronic conductivity and facilitate mass trans-
port during electrocatalysis. Thereinto, graphene has drawn
great attention because of its large accessible surface area and
outstanding stability [24-25] Moreover, introducing non-
metallic heteroatoms (e.g. N, S, P) into graphene lattice
would regulate the electronic structure and generate new
catalytic active sites, which further help to accelerate the
ORR kinetics [26-28].

Herein, an adsorption—complexation—calcination method
was devised to construct N-doped graphene (NG) loaded
with Co/Co;0,/CoN multicomponent nanoparticles. In the
preparation process, Co’" ions were adsorbed on graphene
oxide (GO) followed by adding excessive amount of ammo-
nia to form [Co(NH;)e]*" complex ions. After calcining in ni-
trogen, [Co(NH;)s]*" transformed into Co/Co;0,/CoN mul-
ticomponent nanoparticles, and other adsorbed ammonia was
doped into carbon lattice forming N-doped graphene (NG).
The multiple catalytic active sites and efficient two-dimen-
sional architecture lead to excellent electrocatalytic perform-
ance for ORR, making Co/Co;0,/CoN/NG a promising cath-
ode catalyst for ZABs.

2. Experimental
2.1. Materials synthesis

Firstly, 20 mL CoCl, (0.003 mol-L™") aqueous solution
was poured into 20 mL GO dispersion solution (2 mg-mL™"),
followed by an ultrasound bath for 2 h. After centrifugal
washing, the product was put into 30 mL deionized water
again, followed by dropping 10 mL ammonia (25wt%—
28wt%) into the solution and magnetically stirred for 1 h.
After thorough reaction and adsorption, the sample was se-
quentially washed with water and ethylalcohol for three
times, and freeze-dried for 24 h to obtain GO loaded with
large amounts of [Co(NH;)s]*" complex ions and ammonia.
Finally, the sample was calcined in N, to 700°C with a heat-
ing rate of 2°C'min"' and held for 2 h to obtain the final
Co/C03;04/CoN/NG composite. In addition, as a way of com-
parison, Co/Co;0,/G and NG samples were also prepared us-
ing the same method, except without the addition of ammo-
nia or CoCl,-6H,0 in the synthesizing process.

2.2. Materials characterization

Field emission scanning electron microscopy (FESEM)
analysis and high-resolution transmission electron micro-
scopy (HRTEM) analysis were performed with a Philips

Zeiss Merlin microscope and a Philips JEM-2100F micro-
scope, respectively, for observing the external appearance
and internal structure of the products. X-ray diffractometer
(XRD, XRD-6000X, Japan) and Raman spectrometer (Ren-
ishaw InVia 2000, Britain) were used to study the phase
composition and crystal structure. In addition, X-ray photo-
electron spectroscopy (XPS, AXIS UltraDLD, Japan) was
used to investigate the elemental states of surface. The N, ad-
sorption/desorption test was conducted on a Micro ASAP
Metrics 2010 instrument at 77 K, for estimating the specific
surface area and pore volume.

2.3. Electrochemical measurements

The electrocatalytic properties were tested in the electro-
lyte of N,/O, saturated KOH solution (0.1 mol-L™"), using the
autolab electrochemical workstation (PGSTAT 30). Rotating
disk electrode (RDE; diameter: 5 mm) carrying different
catalyst materials, Ag/AgCl electrode, and graphite rod were
applied as working, reference, and counter electrodes, re-
spectively. The process of modifying the catalysts on RDE is
as follows: First, 5.0 mg cathodic catalysts were dispersed in
a solvent containing 725.0 pL deionized water, 250.0 uL
ethylalcohol, and 25.0 pL Nafion (5.0wt%). Then, the mix-
ture was ultrasonically treated for 0.5 h to prepare a uniform
catalyst dispersion solution (5.0 mg-mL™). Finally, the work-
ing electrode was made through dripping 10.0 pL suspen-
sion on the RDE (0.25 mg-cm ?) with solvent evaporated. As
a contrast, Pt/C working electrode was prepared following
the same process. Cyclic voltammetry (CV) was tested in
electrolyte saturated with nitrogen or oxygen at 50.0 mV-s .
Linear sweep voltammetry (LSV) was carried out in O, sat-
urated electrolyte at 10.0 mV s with RDE rotated at
400-2025 r/min. Nyquist plots were investigated over the
frequency range from 0.01 to 10° Hz, using the technique of
electrochemical impedance spectroscopy (EIS). All poten-
tials are converted to reversible hydrogen potentials (RHE)
through superinducing a value of (0.197 + 0.059 x pH) V.
Cycle lives were detected by chronoamperometry at the con-
stant potential of 0.6 V vs. RHE. Methanol tolerance was es-
timated by dripping 5 mL methanol to 100 mL KOH electro-
lyte saturated with O, at about 400 s during chronoampero-
metry. According to the Koutecky—Levich (K-L) plot, the
number (n) of electron transfer was appraised using the fol-
lowing equations [29-30]:

11 1
oy 1
J L Uk M
JL = 0.620nFAC,D**w'/?y~1/ )
Jx = nFkC, (3)

where J represents the tested current density in the ORR pro-
cess; Jx refers to the kinetic current density and J; stands for
the limiting current density; 4 is the area of the electrode; w is
the rotational speed of RDE; n represents the number of elec-
tron transfers; F, C,, D,, and v are all constants, and their
values in the system are 96485 C:mol ™', 1.2 x 10°* mol-cm >,
1.9 x 10° em*s ™, and 0.01 cm®s ', respectively; k repres-
ents the rate constant for electron transfer with a value of 0.2
when r/min is used as dimension unit for w.
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2.4. Zinc-air battery construction and measurements

1.0 mg Co/Co;0,/CoN nanoparticles and 0.25 mg acet-
ylene black were added into the mixed solution composed of
10 uL Nafion and 0.25 mL ethanol. The mixture was then ul-
trasonically treated for 1 h to get a homogeneous dispersion,
and the dispersion was dripped on 1 cm® area of hydrophobic
carbon paper (1 mg-cm™) and used as cathode after solvent
evaporation. Zn plate was applied as anode; the aqueous
solution of KOH (6 mol-L™") + Zn(CH;COO), (0.2 mol-L™")
was used as electrolyte. After ZABs were assembled, the po-
larization curves were measured by LSV technique at 10
mV-s"', and the whole testing process was carried out on
Autolab electrochemical workstation. Wuhan LAND battery
test system was employed to accomplish constant current dis-
charge and rate capability tests.

3. Results and discussion
3.1. Characterization of composition and structure

Fig. 1(a) schematically illustrates the adsorption—compl-
exation—calcination procedures to synthesize Co/Co;0,/
CoN/NG. The SEM image of original GO is displayed in
Fig. 1(b), which shows obvious nanosheet structure with
smooth surface. For Co/Co;0,/CoN/NG, the morphology is
almost the same as that of graphene (Fig. 1(c)). However, un-
der TEM, nanoparticles can be distinguished on the
nanosheets. As shown in Fig. 1(d), the sizes vary from 5 to
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50 nm. Fig. 1(e)—(g) shows the lattice images of the dis-
persed nanoparticles. The lattice distances of 0.205, 0.244,
and 0.482 nm agree well with the (111) plane of Co, (311)
plane of Co;0,, and (111) plane of CoN, respectively, indic-
ating that the nanoparticles loaded on graphene contain Co,
Co;0,, and CoN components. Co, O, and N are mainly dis-
tributed in the region of the nanoparticles from the elemental
mapping images in Fig. 1(h), while the matrix is mainly com-
posed of C with a big amount of N and small amount of O.
This further proves that the nanoparticles contain oxides and
nitrides of cobalt, and the matrix is N-doped graphene sheet.
Fig. S1 presents the X-ray energy dispersive spectrum (EDS)
and relative contents of different elements, which agrees well
with the above analysis.

XRD results for samples calcined at 700°C were studied
to determine the phase and crystal structure. As shown in
Fig. 2(a), all samples have bumps near 26° and 42°, which
match well with (002) and (101) planes of the graphitized re-
gions in GO [31-32]. For Co/Co0;04/G and Co/Co;0,/CoN/
NG, the diffraction peaks at 36.8° and 44.8° correspond to
the (220) and (400) plane of Co;0,; the diffraction signals at
44.2° and 51.5° match with the (111) and (200) planes of Co.
Moreover, two other diffraction peaks, corresponding to CoN
(111) and CoN (220) faces, are observed at 42.1° and 61.3°
for Co/Co;0,/CoN/NG. This suggests that the adsorbed Co*"
can be partly transformed into Co;0,, and partly transformed
into Co without the addition of ammonia. When ammonia is

[Co(NH,) /GO

500 nm

244nm -

0 ‘ 0244 nm
Co,0,(31H

€0,0,(311)

2 nm

Co

Fig. 1. (a) Schematic diagram of the synthesizing procedures of Co/C030,/CoN/NG; (b) FESEM image of GO; (¢, d) SEM and TEM
images of Co/C0;0,/CoN/NG; (e—g) HRTEM lattice images of the nanoparticles in Co/Co03;0,/CoN/NG; (h) elemental mapping im-

ages of C, N, O, and Co in Co/C030,/CoN/NG.
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Fig. 2. (a) XRD and (b) Raman patterns of GO, NG, Co/C03;0,/G, and Co/C03;04/CoN/NG.

added, Co*" and NH,' coordinate to form [Co(NH;)s*,
which not only convert to Co and Co;0,, but also form a big
amount of CoN after calcination.

Raman spectra in Fig. 2(b) demonstrate that all samples
have two characteristic bumps near 1591 and 1366 cm ™, re-
lating to G band (graphitized ordered carbon) and D band
(disordered carbon). In general, the graphitization degree of
carbonaceous materials can be characterized by the strength
ratio of D and G band (/y/1;) [33]. The Iyl values of GO,
NG, Co/Co0;0,/G, and Co/Co;0,/CoN/NG are 0.93, 1.15,
1.12, and 1.23, respectively. It is reasonable that the value for
GO is significantly lower than those of other samples, indic-
ating higher graphitization degree, because the carbon lat-
tices are not interrupted by nanoparticles and heteroatoms for
pure graphene. After immersing with Co*" or/and ammonia
followed by calcination, the as-formed cobalt-based com-
pound particles and the N atoms are partially inserted into

graphene lattice, which lower their orderness and lead to in-
creased Ip/l; ratios for NG, Co/Co;0,/G, and Co/Co;0./
CoN/NG samples.

The surface elemental states of Co/Co;0,4/CoN/NG are
further analyzed by XPS. Fig. 3(a) shows the fitting result of
Co 2p;3p, in which 786.6 eV is the satellite peak and the sig-
nal peaks at 782.4, 780.9, and 779.8 eV correspond to Co—N,
Co-0, and Co°, which come from CoN, Co;0,, and Co
phases, respectively [34]. Fig. 3(b) exhibits four characterist-
ic peaks of high-resolution N 1s spectrum at 398.5, 399.7,
400.9, and 401.6 eV, which correspond to pyridinic N,
Co—N, pyrrolic N, and graphitic N, respectively. Aside from
active Co—N in CoN crystalline, pyridinic N, pyrrolic N, and
graphitic N come from the doped nitrogen atoms in carbon
matrix, which improve the ORR catalytic activity by optim-
izing the electronic structure of nearby carbon lattice [35]. As
for the O Is high resolution spectrum in Fig. 3(c), there are
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: : Co—N \
] ]
> > Pyridinic N v
: : \
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Fig.3. XPS spectra of Co/C030,/CoN/NG: (a) Co 2p3p; (b) N 1s; (¢) O 1s; (d) C 1s.
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four peaks at 530.3, 531.4, 532.5, and 533.9 eV, correspond-
ing to Co-O, O=C, O-C, and COOH bonds, respectively
[36]. Co—O reflects the signal of Co,;0,, while the rest come
from the doping or surface O on carbon matrix. The fitting
result of C 1s spectrum shows four types of carbon bonding
as shown in Fig. 3(d), belonging to C-C (284.6 ¢V), C-O
(286.8 eV), C=0 (290.5 eV), and C-N (285.3 V) [37]. For
pristine GO, the deconvoluted C 1s spectrum only comprises
C—C, C-0, and C=0 signals, due to the absence of doping N
(Fig. S2).

3.2. Electrocatalytic performance

Cyclic voltammetry was used for preliminary judgment of
the catalytic activity for Co/Co;0,/CoN/NG. As can be seen
from Fig. 4(a), there are no reduction peaks in the CV curve
tested in nitrogen saturated electrolyte; however, a reduction
peak appears in that tested in oxygen saturated electrolyte, in-
dicating that the catalyst has prominent electrocatalytic activ-
ity for ORR. To further study the electrocatalytic behavior,
LSV curves of Co/Co;04/CoN/NG and other control samples
were tested (Fig. 4(b)). The results show that the limiting cur-
rent density of Co/C0;0,/CoN/NG is 4.60 mA-cm 2, almost
reaching the value of most advanced commercial Pt/C (5.12
mA-cm?), and extremely better than that of the comparison
samples. The onset potentials of GO, NG, and Co/Co;0,/NG
only reach 0.85, 0.85, and 0.86 V vs. RHE, respectively, and
all of them are lower than the value of Co/Co;0,/CoN/NG

2
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<
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Fig. 4.

the diagram of equivalent circuit.
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(0.89 V vs. RHE). In addition, the half-wave potential of
Co/Co030,/CoN/NG (0.80 V vs. RHE) is similar with Pt/C
(0.81 V vs. RHE). The excellent electrocatalytic perform-
ance of Co/Co;0,/CoN/NG is derived from its multicompon-
ent system and two-dimensional structure. Multiple compon-
ents of Co, Co;0,, and CoN co-exist in the nanoparticles,
which synergistically contribute to the high electrocatalytic
activity for ORR. On the other hand, N doped graphene as
matrix has a two-dimensional nanosheet structure, which
provides many additional active sites and rapid mass/elec-
tron transport routes for ORR. Fig. 4(c) displays the Tafel
curves for all samples. It is obvious that Co/Co;0,/CoN/NG
has the smallest Tafel slope (48 mV-dec™") by comparison of
those of GO, NG, Co/Co0;04/G, and Pt/C (74, 66, 59, and 97
mV-dec ), indicating faster ORR kinetics of Co/Co;0,/
CoN/NG than other samples. In addition, Fig. 4(d) displays
the Nyquist plots of different samples and the inset presents
the scheme of equivalent circuit. The corresponding simu-
lated impedance results are shown in Table 1. Reasonably,
the resistance of electrolyte solution (R;) and intrinsic resist-
ance of catalyst (R.) do not deviate much for all samples.
However, the charge transfer resistance (R;), which reflects
the ORR efficiency on electrocatalyst, varies greatly. No
doubt, Co/Co0;0,/CoN/NG exhibits the smallest value (R, =
296 Q), which coincides well with its higher catalytic activ-
ity than the other samples. The parameter of CPE refers to the
constant phase element for nonideal capacitance fitting.
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(a) CV curves of Co/C0;0,/CoN/NG at 50 mV-s™' (J—Current density, E—Potential); (b) LSV results at 5 mV-s™ with 1600
r/min; (c) Tafel plots of different catalysts; (d) Nyquist plots at an electrocatalytic potential of 0.85 V vs. RHE with the inset showing
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Table 1. Simulated parameters of equivalent circuit from
EIS results
Samples R,/Q R./Q R/Q CPEl CPE2
GO 72.56 21.73 1340 0.001 0.009
NG 76.81 25.64 1510 0.003 0.012
Co/Co;04/G 71.71 2649 375 0.002 0.008
Co/Co304/CoN/NG  61.31 214 296 0.001 0.009

To further investigate the ORR kinetics on Co/Co;0,/
CoN/NG, LSV curves were recorded from 400 to 2025
r/min. Fig. 5(a) reveals that the limiting current increases
with the RDE rotate at faster speeds. The presence of reduc-
tion peaks at low rotation rates is mainly due to the insuffi-
cient diffusion of oxygen to active sites [38—39]. Moreover,
Fig. 5(b) displays the K-L plots fitted according to the LSV
profiles. At different potentials (0.3-0.6 V vs. RHE), the
plots almost coincide. This indicates that the ORR process
exhibits first-order kinetics relative to the dissolved O, con-
centration. In addition, the electron transfer numbers (7) cal-
culated are all about 4, verifying that Co/Co;0,/CoN/NG
transforms O, directly into OH™ with a four-electron pathway.
As durability is an important factor to evaluate catalyst per-
formance, the current retention rates of Co/Co;0,/CoN/NG
and Pt/C were evaluated with and without the addition of
methanol by chronoamperometry at a constant potential of
0.6 V vs. RHE. According to Fig. 5(c), the current density of
Co0/C0;04/CoN/NG retains 85.0% of the original value after
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20000 s, while the retention of Pt/C is only 57.5%, which
proves that Co/C0;0,/CoN/NG is more stable than commer-
cial Pt/C. In order to study the tolerance of the catalyst to
methanol, the electrolyte was injected with methanol in the
process of chronoamperometry to study the current retention
curves. As can be seen from Fig. 5(d), methanol causes slight
current fluctuation for Co/Co;0,/CoN/NG, and the retention
rate is 84.5% after 2000 s. In contrast, injection of methanol
had a great impact on Pt/C, causing sharp current decrease,
indicating that Co/C0;0,/CoN/NG has better tolerance to
methanol than Pt/C.

According to the forementioned results and discussion, the
excellent catalytic performance of Co/Co0;0,/CoN/NG for
ORR can be explained from the following two points: (1) co-
balt-based multicomponent nanoparticles, in which Co;0,,
CoN, and Co cooperate to realize high catalytic activity and
relatively good conductivity; (2) N-doped graphene with
two-dimensional nanosheet structure as matrix, which
provides large accessible surface area carrying sufficient act-
ive sites, and efficient routes for mass/electron transport.

3.3. Zinc—air battery performance

To explore the application prospect of Co/Co;0,/CoN/
NG, ZAB was constructed with Co/Co;04/CoN/NG or Pt/C
as cathode catalyst. Fig. 6(a) displays the polarization curves,
together with their power density plots of ZABs based with
Co0/C0;04/CoN/NG and Pt/C as cathodic catalysts. The max-
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(a) LSV curves for Co/Co;0,4/CoN/NG with RDE rotating at different speeds; (b) Koutecky—Levich plots for

Co/C030,/CoN/NG at different potentials; (c, d) durability and methanol tolerance of Co/C0;0,/CoN/NG and Pt/C at 1600 r/min.
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imum power density of Co/Co;0,/CoN/NG battery is 120.7
mW-cm?, lightly lower than Pt/C (153.3 mW-cm?). Fig.
6(b) provides the open circuit voltage of Co/Co;0,/CoN/NG
based battery, which exhibits a high value of 1.41 V and re-
mains stable after 20 h. As shown in Fig. 6(c), the ZAB based
on Co/Co;0,/CoN/NG still outputs a relatively high voltage
of 1.22 V with almost no decay over 20 h with the discharge
current density of 10 mA-cm . Fig. 6(d) shows that the
Co/C0;0,/CoN/NG based battery at 10 mA-cm 2 has the spe-
cific capacity of 843.0 mAh-g', almost comparable with the
Pt/C based battery (857.0 mAh-g ") tested under the same
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condition. The discharge curves at different current densities
for Co/Co;04/CoN/NG based ZAB are shown in Fig. 6(e).
Voltage platforms at 1.32, 1.29, 1.22, and 1.04 V are de-
livered at 5, 10, 20, and 50 mA-cm 2, respectively, which are
similar to the values of Pt/C based batteries and show excel-
lent rate performance. Fig. 6(f) displays a photograph of two
series-connected Co/Co;0,/CoN/NG based ZABs, which
light up a 2.2 V light-emitting diode. Moreover, to investig-
ate the application prospect in secondary ZABs, Co/Co;
0,/CoN/NG was also mixed with RuO, before being applied
as cathode catalyst. The cycling stability of Co/Co;0,/
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(a) Polarization/power density and (b) open circuit voltage plots of ZABs with Co/C0;0,/CoN/NG and Pt/C as cathode cata-

lysts, and inset of (b) shows the photograph of Co/Co0;0,/CoN/NG based battery with an open circuit voltage of 1.41 V; (c) dischar-
ging voltages and (d) specific capacities at 10 mA-cm; (e) discharging profiles at different current densities; (f) two series-connected
Co/C0304/CoN/NG based batteries to light the light-emitting diode.
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CoN/NG + RuO,-based rechargeable ZABs was studied by
galvanostatic charge and discharge test at the current density
of 10 mA-cm* with each cycle taking 20 min (Fig. S3). After
continuous discharging and charging for more than 110 h and
220 cycles, the voltage difference of the Co/Co;0,/CoN/NG +
RuO,-based rechargeable battery has changed little, indicat-
ing good cycling stability. Compared with recently reported
cobalt compound catalysts, the prepared Co/Co;0,/
CoN/NG in this work shows relatively good ORR elec-
trocatalytic property and ZAB performance in the field of
open circuit voltage, half-wave potential, specific capacity,
and peak power density [39—43].

4. Conclusion

In summary, cobalt-based multicomponent nanoparticles
supported on nitrogen-doped graphene nanosheets (Co/Co;
0,/CoN/NQG) were prepared by a facile adsorption—complex-
ation—calcination method. The highly dispersed Co/Co;
0O,/CoN nanoparticles and N heteroatoms provided a large
number of catalytic active sites, while the graphene matrix
ensured efficient charge/mass transport, leading to improved
ORR electrocatalytic behaviors. The measured values for
half-wave potential was 0.80 V vs. RHE and the limiting cur-
rent density was 4.60 mA-cm 2. Co/Co;0,/CoN/NG had bet-
ter cycle lives and tolerance to methanol than Pt/C. Acting as
cathodic catalyst for ZABs, a big open circuit voltage of 1.41
V was achieved for the battery with a high peak power dens-
ity of 120.7 mW-cm? and specific capacity of 843.0
mAh-g”', which were only almost similar to those of Pt/C
based counterpart. What’s more, good stability and rate cap-
ability were also demonstrated for the Co/Co;0,/CoN/NG
based battery. This study provides a simple method to pre-
pare advanced electrocatalysts with multiple catalytic active
components and efficient nanosheet structures, which is of
high value in electrochemical energy conversion and storage
fields.
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