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Developing new anode materials with high capacity, energy density is of great importance for the
application of the lithium-ion batteries. Herein, the lithium storage performance of Co304 as anode
materials is studied by using different morphologies of Co304 samples, which are obtained at different
temperatures. The morphology and structure of the samples are characterized by using SEM, TEM and
XRD measurements. The surface area and pore size of the samples are tested by BET analysis. The
lithium storage performance of the different CosO4 sample is characterized by discharge/charge, CV
and EIS tests. It demonstrates that the as-prepared CONF-1 anode exhibits high initial capacity of 1218
mAh g and keep stable capacity of 785 mAh g after 300 cycles at high current density of 1 A g™.
The results reported in this work could provide strategies for exploring novel high-performance anode
materials from transition metal oxides.
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1. INTRODUCTION

Rechargeable lithium-ion batteries (LIBs) have been widely employed in many fields, such as
electric vehicles, mobile phone and portable electronics devices due to their high energy density and
long cycle life and environment friendliness [1-5]. Among many components in the LIBs, electrode
materials play key role for the electrochemical performance of the LIBs [6, 7]. The graphite anode
materials are widely used in the LIBs owing to their low potential, low cost and stable cycling
performance [8, 9, 10]. However, the traditional graphite anode materials suffers from low capacity
(372 mAh g1), which inhibits their applications in the high energy density storage systems [11, 12].
Therefore, it is urgent to develop new anode materials with high capacity to meet the requirements of
high energy density [13].

Transition metal oxides are promising anode materials for the LIBs due to their high capacities,
which is beneficial for the achievements of high energy density [14-16]. Besides, the transition metal
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oxides have high catalytic effects, surface area, which could promote the reaction kinetics during the
discharging and charging process [17, 18]. Based on these advantages, it is meaningful to develop
novel anode materials by using transition metal oxides [19, 20]. However, the huge volume change
could lead to structural collapse during the electrochemical cycles [21]. It is known to all that the
morphology has great influence on the electrochemical performance of anode materials [22, 23].
Therefore, it is worthy to study the electrochemical performance of different Co304 morphology
samples [24].

In this work, the lithium storage performance of Co3O4 as anode materials is studied by using
different morphologies of Co304 samples. The different morphologies of Co304 samples are prepared
by heating the precursor at different temperature (100°C, 200°C). And the samples are labeled as
CONF-1 and CONF-2, respectively. The morphology and structure of the samples are characterized by
using SEM, TEM and XRD measurements. The surface area and pore size of the samples are tested by
BET analysis. The lithium storage performance of the different Co3O4 sample is characterized by
discharge/charge, CV and EIS tests. It demonstrates that the as-prepared CONF-1 anode exhibits high
initial capacity of 1218 mAh g* and keep stable capacity of 785 mAh g? after 300 cycles at high
current density of 1 A g. The results reported in this work could provide strategies for exploring
novel high-performance anode materials from transition metal oxides.

2. EXPERIMENTAL

2.1. Preparation of CONF sample

0.6 g Co(NO3)2-6H20 was first dissolved in a mixed solution of 80 mL deionized water under
stirring for 30 min. Then the precursor solution was transferred in a 100 mL Teflon-line autoclave and
kept at 100 °C and 200 °C for 6 h, respectively. As a result, the Co304 samples were successfully
prepared. And the samples are labeled as CONF-1 and CONF-2.

2.2. Materials Characterization

The crystal structure of the samples were analyzed by X-ray diffraction (XRD) patterns (Riga-
kuD/MAX-2550 PC diffractometer). The microscopic morphology of the samples was observed under
scanning electron microscope (FEI Helios Nanolab 6001 microscope). High-resolution transmission
electron microscope images were collected on a FEI Tecnai microscope. The specific surface area and
pore distribution of the samples was tested by Micromeritics ASAP 2460, and calculated by Brunauer-
Emmett-Teller (BET) models.

2.3. Electrochemical Measurement

The active material, acetylene black and PVDF are in a mass ratio of 7:2:1 to form
uniform slurry. After that, the slurry was uniformly coated on the Cu foil and heated at 120 °C for 12 h.
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Lithium foil was used as the counter electrode, 1 mol L' LiPFs (EC/DMC=1:1) was used as
the electrolyte, and Celgard 2300 film was used as the separator to assemble the 2032 button cell in
glove box with Ar atmosphere for electrochemical measurement. CV and EIS were used to study the
electrode using a CHI670E (Shanghai, China). The galvanostatic charge-discharge tests were
conducted by a NEWARE BTS-610 (Neware, China).

3. RESULTS AND DISCUSSION

To investigate the morphology of the samples, the scanning electron microscopy was conducted
for all samples. As shown in Fig. 1a, it can be seen that the as-prepared CONF-1 samples exhibit
nanoflake structure with a diameter of 50 nm. The nanoflake samples are uniformly dispersed in the
whole SEM images. With increasing the temperature (200°C), the as-prepared CONF-2 samples
display similar morphology compared to the CONF-1 samples. As shown in Fig. 1b, it can be clearly
observed that the nanoflakes of the as-prepared CONF-2 samples are consisted of many small
particles. These small particles could provide huge specific surface area to the electrochemical
reactions. Furthermore, the crystal structure of the samples was studied by using XRD. As shown in
Fig. 1c, the typical crystal structure can be clearly observed for the CONF-1 and CONF-2 samples.
The diffraction peaks at 32°, 36°, 45°, 61° and 65° are ascribed to the crystal planes of (001), (101),
(210), (011) and (022), respectively [25]. This result demonstrates the high purities of the CONF
samples. Besides, the inset of Fig. 1c shows the TEM image of the CONF-1 samples. It can be
observed that the CONF layer is located in the TEM image, which is consistent with the SEM image.
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Figure 1. (a) and (b) SEM images of the CONF-1 and CONF-2 samples, respectively. (¢) XRD pattern
of CONF-1 and CONF-2 samples. The inset is the TEM image of CONF-1.
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The pore size and specific surface area of the samples were tested by using N»
adsorption/desorption test. As shown in Fig. 2a, it can be clearly observed that the isotherms of the as-
prepared CONF-1 sample correspond to type IV according to IUPAC classification. The mesoporous
structure of the CONF-1 samples is beneficial for the transport of the lithium-ion and electrons during
the electrochemical cycles. Besides, the specific surface area and pore size of the CONF-1 samples is
about 436 m? g! and 10 nm, respectively, which is much higher than the reported Co3;O4 materials
[26]. Fig. 2b shows the N> adsorption/desorption curves of the CONF-2 sample. Clearly, the as-
prepared CONF-2 samples have no mesoporous structure. Besides, the CONF-2 exhibits much smaller
specific surface and pore size than the CONF-1 samples. Therefore, it can be inferred that the CONF-1
will display more superior electrochemical performance than the CONF-2 samples.
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Figure 2. N, adsorption/desorption curves of (a) CONF-1 and (b) CONF-2 samples.
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Figure 3. The discharge and charge profiles of (a) CONF-1 and (b) CONF-2 anodes at 0.1 C.

To study the electrochemical performance of the samples, the constant discharge and charge
tests were conducted for CONF-1 and CONF-2 samples. The current density is 0.1 C. All cells were
tested at room temperature with the same situation. As shown in Fig. 3a, the as-prepared CONF-1
electrode exhibits initial high capacity of 1218 mAh g! at the current density of 0.1 C. Besides, one
voltage platform at 1.25 V can be clearly observed during the discharging process. With the increase of
the cycle numbers, the CONF-1 electrode still exhibits high capacity of 1013 mAh g™ after 20 cycles,
demonstrating stable cycling performance [27]. Fig. 3b also exhibits the discharge and charge profiles
of the CONF-2 electrode. It can be seen that the CONF-2 electrode shows capacity of 1108 mAh g’!,
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which is much smaller than the CONF-1 electrode. Moreover, the capacity is only 726 mAh g™ after
20 cycles for the CONF-2 electrode at 0.1 C. The higher capacity of the CONF-1 electrode is attributed
to the unique mesoporous structure, which could ensure the rapid lithium transport during the
electrochemical reaction [28].

To further investigate the electrochemical mechanism of the CONF-1 electrodes, CV test was
conducted for the CONF-1 electrode. As shown in Fig. 4a, it shows the initial three cycle CV curves
before electrochemical cycles. it can be seen that the as-prepared CONF-1 electrode exhibit typical CV
shape with two reduction peaks and one oxidation peak, which is related to the SEI formation and
lithium/Co alloy, respectively. Fig. 4b is the cycling performance of the CONF-1 and CONF-2
electrode at the current density of 1 A g! for 300 cycles. It can be clearly observed that the CONF-1
electrode delivered high capacity of of 785 mAh g™ after 300 cycles at high current density of 1 A g,
demonstrating stable cycling performance. This is attributed to the perfect structure of the CONF-1
electrode, which could promote the lithium-ion and electron transport. However, for the CONF-2
electrode, it suffers from rapid capacity fading during the electrochemical cycles. Fig. 4c is the SEM
image of the CONF-1 electrode after cycles. It still exhibits perfect morphology compared to the
morphology before cycles. Fig. 4d is the CV curve of the CONF-1 electrode after cycles. It can be seen
that the CV curves overlap well, indicating superior reversibility.
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Figure 4. (a) CV curves of CONF-1 before cycles. (b) Cycling performance of CONF-1 and CONF-2

at 1 A gl after 300 cycles. (c) SEM image of CONF-1 after cycles. (d) CV curves of CONF-1
after cycles.

To clearly demonstrate the advantage of the employment of CONF-1 electrode in the LIBs,
schematic illustration was conducted. As shown in Fig. 5a, the LIBs used CONF-1 anode exhibits
superior lithium storage performance during the electrochemical cycles. Lithium-ions could be easily
transferred from the cathode side to the anode side. This is related to the use of the CONF-1 electrode,
which could enhance the electrochemical performance. Fig. 5b shows the electrochemical impedance
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spectra of the CONF-1 and CONF-2 electrode. The EIS is consisted of one semicircle, which
represents the charge transfer resistance. Clearly, the as-prepared CONF-1 electrode exhibits much
smaller resistance than the CONF-2 electrode. Finally, the long term cycling performance of the
CONF-1 electrode is tested at 2 A g for 200 cycles. It can be seen that the CONF-1 electrode has
capacity of 692 mAh g after 200 cycles, indicating the stable cycling performance of the CONF-1
electrode.
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Figure 5. (a) Schematic illustration of the Li/CONF-1 half-cell. (b) EIS of CONF-1 and CONF-2
samples. (c) Long term cycling performance of CONF-1 after 200 cycles.

To further demonstrate the superior electrochemical performance of the CONF-1 anode, a new
table was made to compare the electrochemical performance of the anode materials. As listed in Table
1, it can be clearly observed that the as-prepared CONF-1 anode shows high capacity at high current
density of 2 A g-1 after 200 cycles, demonstrating the excellent cycling stability. This capacity is much
higher than the other similar anode materials reported in literature.

Table 1: The electrochemical performance of CONF-1 and other similar anode materials in LIBs.

Electrode Current Density ~ Capacity (mAh/g) Ref
FerSs@C 0.1Ag? 375 (100 cycles) 29
TiO; 05A¢g? 266 (200 cycles) 30
NO/carbon 0.1Ag? 385 (100 cycles) 31
CONF-1 2AQ? 692 (200 cycles)  This work

4. CONCLUSION

In summary, the electrochemical performance of Co304 as anode materials is studied by using
different morphologies of Co3O4 samples. The different morphologies of Co3Os4 samples are firstly
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prepared by heating the precursor at different temperature (100°C, 200°C). And the samples are labeled
as CONF-1 and CONF-2, respectively. Then, the morphology and structure of the samples are
characterized by using SEM, TEM and XRD measurements. The surface area and pore size of the
samples are tested by BET analysis. The lithium storage performance of the different CozO4 sample is
characterized by discharge/charge, CV and EIS tests. It demonstrates that the as-prepared CONF-1
anode exhibits high initial capacity of 1218 mAh g™ and keep stable capacity of 785 mAh g after 300
cycles at high current density of 1 A g'. The results reported in this work could provide strategies for
exploring novel high-performance anode materials from transition metal oxides.
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