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A B S T R A C T

Exploring high performance and environment-friendly electrode materials is highly desirable for the
sustainable Li-ion batteries (LIBs) system. In this study, a facile approach of the modified Hummers’
method combining with special thermal reduction was proposed to synthesize nanostructured reduced
graphene oxide (RGO) with abundant oxygen-containing functional groups. The resultant RGO showed
high specific capacity and excellent cyclability as cathode materials for LIBs. The specific capacity of about
220 mAh g�1 at a current density of 50 mA g�1 was achieved after 100 cycles. More importantly, it was
demonstrated that the capacity increased with the increase of the amount of oxygen functional groups,
highlighting the significant effects of oxygen-containing functional groups of RGO on high lithium
storage performance.
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1. Introduction

With the decrease of the use of fossil fuels as well as the
increasing demand for clean energy in the twenty-first century, Li-
ion batteries (LIBs), due to their characteristics of high-energy
density, high working potentials, and long cycle life, etc [1,2], have
been proved to be one of the most advanced battery technology [3].
The current LIB technology highly depends on the use of lithium
transition metal oxides or phosphates (e.g., LiCoO2, LiNixMnyCo1-x-
yO2 or LiFePO4) as cathodes with the high redox potentials [4], but
these cathode materials show very limited energy capacities.
Further, these are not environmentally benign, and the mineral
resources of Co and Ni are scarce, resulting in high cost LIBs with
limited performance. Therefore, the search for new energetic
electrode materials, especially cathode materials, for LIBs has been
highlighted in battery chemistry [5].
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Two dimensional (2D) graphene materials have been one of the
most promising miracle materials originating from its unique
single-atom-thick sheet of carbon atoms arrayed in a honeycomb
pattern [6,7]. Benefiting from remarkable advantages of large
specific surface area (2630 m2g�1), excellent electrical conductiv-
ity (106 S cm�1), high charge mobility (200000 cm2V�1 s�1), good
chemical and environmental stability [6–8], graphene materials
have been demonstrated to be a new class of outstanding
candidate for electrochemical power source fields. As a result,
they have been widely explored for applications in energy-related
areas, including solar cells [9,10], LIBs [11–13], supercapacitors
[14,15], etc. More importantly, graphene materials have shown
great promises to improve the performance of the aforementioned
energy systems, which satisfies the urgent demand for renewable
energy production and efficient energy storage in modern society
[14]. It is well known that graphene materials has been widely
researched as LIB anodes [16–18], and show much higher
reversible capacity than the commercial graphite, as previously
demonstrated by our group [17,19], and various graphene-based
composite materials presented enhanced battery performance
[20–23]. Recently, differing from the anode side, it was reported
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that reduced graphene oxide (RGO) with oxygen-containing
functional surface groups can work as cathode materials of LIBs
[24]. During charge/discharge processes, as the redox centers, the
oxygen-containing functional surface groups (such as >C-O and
-COOH) of RGO can rapidly and reversibly capture lithium ions
through surface adsorption and/or surface redox reaction. Thus,
functionalized graphene exhibit higher energy density with long-
lasting cyclability in comparison with the current cathode
materials [25,26]. For example, Bor Z. Jang’s group proposed a
novel LIB using nanostructured graphene as both the anode and
the cathode [25]. The obvious difference is that the cathode was
functionalized graphene. They obtained an energy density of
160 Wh kg�1 and a power density of 100 kW kg�1. In the recent
reports, it was indicated that the functionalized graphene with
more oxygen-containing groups can deliver high performance as
LIB cathodes [24,27]. However, the aforementioned functionalized
graphene cathodes with enhanced performance are only based on
chemical reduction with tedious and low yield, which shows some
difficulties in scale-up, and detailed reactive mechanisms have not
been discussed.

In this report, we developed a facile approach of special thermal
reduction to design partial reduced graphene oxide (RGO). It is
worth noting that during the process of special thermal reduction,
the controllable air gas was specially introduced to control oxygen-
containing functional groups onto RGO. The as-prepared partial
RGO as cathode materials for LIBs are expected to show a superior
cycle stability and higher energy performance compared with
previous reports [24,27]. It was demonstrated that oxygen-
containing functional groups on RGO is the significant key as
reaction center with lithium ions. More importantly, this approach
shows some promising possibilities for mass production of the
proposed cathode material.
Fig. 1. (a) Schematic illustration of the oxidation mechanism and pore formation and red
the reduced graphene oxide (RGO).
2. Experimental

2.1. Materials

Natural graphite powder (purity�99.95%) was supplied by
Aladdin Chemistry Co., Ltd. (Shanghai, China). Concentrated
sulfuric acid (95%�98%), fuming nitric acid (65�68%), KMnO4

(99%), NaNO3 (99%) and H2O2 (30%) were used as received from
Tianjin Guangfu Chemical Research Institute (China).

2.2. Synthesis of graphite oxide (GO)

Graphite oxide (GO) was initially fabricated by modified
Hummers method, as previously reported by our group [19].
The natural graphite (1 g) and NaNO3 (0.75 g) were uniformly
mixed, then 34 mL of H2SO4 (98%) was added into the mixture and
stirred for 2 h in an ice bath, meanwhile, KMnO4 (4.5 g) was slowly
added to the dispersion. After the mixture was stirred for 5 days at
room temperature, 100 mL of H2SO4 (5%) was added to the mixture
and stirred for another 2 h. Then 5 mL of H2O2 (35%) were slowly
added to the solution until there was no gas bubbles produced. The
resultant graphite oxide was then repeatedly washed with HNO3

(10%) aqueous solution. The resulting GO was then thoroughly
centrifugated with deionized (DI) water to obtain GO suspension.
The GO suspension was finally dried at room temperature for 24 h
to obtain GO.

2.3. Synthesis of reduced graphene oxide (RGO)

The as-prepared GO was ground into fine powder. After the tube
furnace was heated up to 950 �C at a rate of 10 �C min�1, the fine
powder was quickly put into the center location, and was thermally
uction mechanism; (b) Schematic illustration for the lithium-storage mechanism of
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exfoliated for 1 minute under Argon atmosphere mixed with air
(99%Ar+1%air) to obtain RGO. The RGO were further treated in gas
mixture (95%Ar+5%H2) at 900 �C for 2 h and 1000 �C for 8 h,
respectively, to obtain the RGO with few functional groups, and the
ramping rate was 10 �C min�1. The RGO materials and the samples
treated at 900 �C for 2 h and 1000 �C for 8 h were labeled as RGO-I,
RGO-II, RGO-III, respectively.

2.4. Materials characterization

Scanning Electron Microscopy (SEM, SU8010, Hitachi Japan)
and Transmission Electron Microscopy (TEM, JEOL JEM-3000F)
were utilized to characterize the morphologies and structures of
the samples. X-ray Diffraction (XRD) patterns were recorded on X-
ray diffractometer (DX-2700) with Cu Ka radiation. The functional
groups were detected by Fourier transform infrared spectroscopy
instrument (FTIR, IRAffinity-1, SHIMADZU). Raman spectra were
recorded using LabRAM HR800. X-ray photoelectron spectroscopy
(XPS, VG ESCALAB MK II) was performed to analysize O/C ratio of
the samples. The hydrophilic testing was performed to character-
ize the effects of oxygenic functional groups of the samples by
Attension Theta SFE (ksv INSTRUMENTS).

2.5. Electrochemical test

The cathode was prepared by mixing active material, carbon
black, and polyvinyldifluoride (PVDF) with a weight ratio of
80:10:10 using N-methylpyrrolidone (NMP) as solvent. A lithium
foil was used as the counter electrode, and a solution of 1 M LiPF6 in
ethylene carbonate (EC)–diethyl carbonate (DEC) (1:1 in volume)
was used as electrolyte. The electrode was dried at 100 �C for
overnight under vacuum before a coin cell assembly in an argon-
filled glovebox. The electrochemical performance of the samples
was evaluated using CR2032 coin cells at a voltage range of
1.5 V�4.5 V (vs. Li/Li+) with Land battery test system (LANHE
CT2001A). Cyclic voltammogram (CV) measurements were per-
formed on Princeton Applied Research VersaSTAT
Fig. 2. SEM and TEM images of R
4 electrochemical workstation using a voltage range of 1.5�4.5 V
(vs. Li/Li+) at a scan rate of 0.1 mV s�1. Electrochemical impedance
spectroscopy (EIS) measurements were performed on a Princeton
Applied Research VersaSTAT 4 over a frequency range from 0.01 Hz
to 100 kHz with the AC amplitude of 5.0 mV.

3. Results and Discussion

The schematic illustration in Fig. 1a shows the proposed
synthesis mechanism of RGO-I by modified Hummers’ method
combining with a special thermal reduction process. During the
oxidation process, the interlayer spacing of graphite carbon layer
increased and a mass of oxygen-containing functional groups were
introduced. In the following special reduction process, most of
oxygen-containing functional groups were reduced. Interestingly,
this process can still generate oxygen-containing functional groups
onto RGO originating from the introduction of controllable air gas.

SEM and HRTEM were employed to characterize the structure
and surface morphologies of various RGO. The SEM images of
graphite oxide and graphene oxide are shown in Supporting
Information Fig S1. During ultrasonic treatment, the stromatolithic
graphite oxide (see Fig S1 a, b) was obviously stripped to graphene
oxide in Fig S1 c and d. The SEM images in Fig. 2a and b show
morphologies of the obtained RGO-II and RGO-I, respectively. Both
images with low magnification show loose 3D porous appearance,
and the increased magnification images indicate highly porous
wrinkle structure and a crumpled paper-like external morphology.
Fig. 2c and d illustrate the TEM images of obtained RGO-II and RGO-
I, respectively. It can be clearly observed that both RGO-II and RGO-
I exhibit a highly transparent gossamer sheets including only a few
graphene layers, which is consistent with the graphene materials
previously reported by our group [17,19]. Clearly, RGO-I exhibits a
similar structural morphology to RGO-II and RGO-III shown in Fig
S1 e and f, indicating that the further reduction process does not
affect the 3D porous structure of RGO.

XRD patterns of the pristine graphite, GO, RGO-I, RGO-II, and
RGO-III are depicted in Fig. 3a. The as-prepared GO exhibits a sharp
GO-II (a, c) and RGO-I (b, d).



Fig. 3. (a) XRD patterns of pristine graphite, GO, RGO-I, RGO-II and RGO-III; (b) FT-IR spectra of GO, RGO-I and RGO-II; (c) Raman spectra of GO, RGO-I and RGO-II; (d) Pictures
of contact angle of the samples: (i) RGO-III, (ii) RGO-II, (iii) RGO-I and (iv) GO.
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reflection peak at 11.8� (corresponding to a d-spacing of 0.749 nm),
which can be assigned to the (001) reflection of the solid GO. In
comparison to the natural graphite, the decreased diffraction angle
of GO (the diffraction peak of the natural graphite appears at 26.6�)
results from the presence of the residual oxygen-containing
functional groups [28,29], such as -OH, C¼O, as well as the
presence of interlayer water. The thermal exfoliation of GO greatly
decreases the oxygen-containing functional groups and interlayer
water. The XRD patterns of the RGO-I, RGO-II and RGO-III exhibit a
peak centered at 23.6�, 24.4� and 25.2�, respectively, suggesting
that the interlayer distance of the RGO gradually decreases because
of the decrease of oxygen-containing functional groups [28,30],
which will induce a weakened electrostatic repulsion between the
graphene sheets.

The FT-IR spectra of GO, RGO-I and RGO-II are shown in Fig. 3b.
The absorption bands at 1729 cm�1 are ascribed to the C¼O
stretching of ��COOH and absorption bands 1399–1064 cm�1 are
ascribed to the C��O stretching of the C��OH/C��O��C groups,
respectively. The ��OH stretching absorption of the C��OH groups
appears at 3409 and 621 cm�1. Compared to the GO, the RGO-I
sample shows weaker C��O/C¼O stretching absorption [31]. After
further reduced by H2, the O��H absorption of the obtained RGO-II
sample disappears, indicating that the functional groups on the
surface of RGO can be reduced. It is worth noting that the RGO-II
remains much less oxygen-containing functional groups than
RGO-I [32].

Raman spectroscopy can provide some structural information
of the graphene materials. Fig. 3c shows the Raman spectra of GO,
RGO-I, and RGO-II. As shown in Fig. 3c, the typical features of three
samples in Raman spectra show the G line around 1582 cm�1 and
the D line around 1350 cm�1. The G line is assigned to the E2g
phonon of C sp2 atoms, while the D line is a breathing mode of
k-point phonons of A1g symmetry [33]. The relative intensity ratio
of the D and G bands (ID/IG) reflects the defect density in the RGO
[34], that is, the smaller the ID/IG ratio, the higher the degree of
ordering in the carbon material. The ID/IG values of GO, RGO-I, RGO-
II are 1.12, 3.36 and 2.57 respectively. The ID/IG value of the GO
(1.12) was smaller compared with that of RGO-I(3.36) and RGO-II
(2.57) due to a higher level of oxidation, which is in good
agreement with the previous study focusing on the different
degrees of oxidation of graphite oxid as reported by Karthikeyan
Krishnamoorthy [33]. But, compared with RGO-I, ID/IG of RGO-II
decreases, which indicates the higher degree of ordering, fewer
defects and the presence of fewer oxygen-containing functional
groups of RGO-II.

To characterize the oxygen-containing functional groups of the
samples, the hydrophilic test was performed by dripping water on
the surface of glass sheets which were coated with GO and various
RGO samples. GO and RGO samples were coated to the same level
to make the same surface roughness before dripping water, as
shown in Fig. 3d i�iv. It is obvious that the hydrophilic angles of
RGO-III, RGO-II, RGO-I and GO are 95.83�, 91.23�, 84.1�, 64.6�,
respectively. It is well known that the smaller the hydrophilic
angle, the better the hydrophilicity of the samples. Since an
increase of oxygen-containing functional groups enhances the
hydrophilicity of the samples, it can be concluded that the content
order of oxygen-containing functional groups of the samples is
GO> RGO-I> RGO-II> RGO-III. Among four samples, GO shows the
most oxygen-containing functional groups, and RGO-III holds the
least oxygen-containing functional groups. The oxygen content of
graphene oxide, RGO-I and RGO-II was further unraveled by the
element mapping images of carbon and oxygen (Supporting



Table 1
XPS elemental analysis of RGO-I and RGO-II samples.

Samples C1s [atom%] O1s [atom%]

RGO-I 92.99 7.01
RGO-II 95.89 4.11
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Information, Figure S2), where one can see that oxygen-containing
functional groups were uniformly distributed on the surface of
RGO. As shown in Figure S3 of Supporting Information, energy-
dispersive X-ray (EDX) analysis illustrates that the content order of
oxygen-containing functional groups of the samples is GO> RGO-I>
RGO-II> RGO-III.

The X-ray photoelectron spectroscopy (XPS) was performed to
identify oxygen-containing functional groups of RGO. As shown in
Fig. 4a, the survey spectra of RGO-I and RGO-II show the presence
of O 1s peak. This peak was attributed largely to the presence of
oxygen containing functional groups on the RGO nanosheets. The
intensity of the O 1s peak becomes weaker from of RGO-I to RGO-II,
according with the results of quantitative elemental analysis in
Table 1, the oxygen atomic percentage in the RGO-I and RGO-II is
7.01% and 4.11%, respectively, revealing that the reduced process
results in more residual oxygen functional groups on RGO. To
further gain insights into the structure of RGO, the O existence in
both RGO-I and RGO-II can be demonstrated by the deconvolution
of O 1s spectra shown in Fig. 4b and c. The O atoms occurred by the
forms of O-C¼O, C-OH and C¼O can be clearly identified.
Compared to the RGO-I in Fig. 4b, obviously, the peak intensities
of the oxygen-containing functional groups greatly decreased in
the spectra of RGO-II (Fig. 4c) after further reduction by H2. RGO-II
contained less content of O-C¼O and C-OH than RGO-I;
importantly, the C¼O at 530.5 eV disappeared in O 1s spectra of
RGO-II, as showed in Fig. 4b. It indicates that the special thermal
exfoliation with the presence of a little air successfully generated
RGO with abundant oxygen-containing functional groups.

The electrochemical performances of the as-prepared materials
were evaluated by using galvanostatic charge-discharge measure-
ments at a current density of 50 mA g�1 over the voltage range
1.5�4.5 V (vs. Li/Li+). Using a larger voltage window allows for
deeper understanding of the electrochemical reaction behavior
between RGO cathode and lithium. Fig. 5a and b show the charge–
discharge curves of the RGO-I and RGO-II electrodes in the 1st, 2nd,
10th, 20th, 50th and 100th cycles, respectively. Obviously, no clear
potential plateau is observed in the charge/discharge processes of
RGO-I and RGO-II cathodes, as previously reported [26], which
results from the existence of electrochemically and geometrically
nonequivalent lithium storage sites within the RGO [19]. The initial
discharge capacity of the RGO-I is 163 mAh g�1, and then gradually
increase to 220 mAh g�1, RGO-II with few oxygen-containing
functional groups showed much lower electrochemical activity
with initial discharge capacity of 49 mAh g�1. As shown in Fig. 5c,
RGO-I was examined by cyclic voltammetry at a sweep rate of
0.1 mV s�1 within a voltage range from 1.5 to 4.5 V (vs.Li/Li+) to
further understand the electrochemical lithium storage into the
RGO cathode. It can be seen that RGO-I electrode shows a
reversible lithiation/delithiation process, and the cyclic voltam-
metry (CV) curve obtained was similar to the reference [26] that no
clear redox peak is observed. This is maybe due to the reason that
carbonyl (C¼O) groups were reversibly reduced and oxidized with
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Fig. 4. (a) Survey scans of RGO-I and RGO-II; (b) The O1s X
Li ions as previously reported [35,36]. More importantly, there is
no obvious profile difference in the first three cycles, indicating
that RGO-I electrode shows stable cycling performances.

Fig. 5d shows the cycling performance of GO, RGO-I, RGO-II and
RGO-III samples at a current density of 50 mA g�1 up to 100 cycles.
It is observed that RGO-II and RGO-III exhibited much lower
specific capacities less than 60 mAh g�1. For the samples with rich
oxygen-containing functional groups, GO and RGO-I samples
showed superior performance compared to RGO-II and RGO-III,
clearly demonstrating that the oxygen-containing functional
groups on the surface of RGO cathodes function as lithium storage
sites, which was in agreement with previous reports [27,37].
Moreover, in the initial several charge/discharge processes, the
obtained capacities increased with cycles, which may be due to
electrochemical activation process, namely the gradual penetra-
tion of electrolyte into the porous structure that promotes the
activation of electrode materials, as well as Li+ conduction
[17,38,39]. Especially for RGO-I sample, a significant increase of
the specific capacity is observed from 169 mAh g�1 to 220 mAh g�1,
and then the cathode remains constant capacity. As demonstrated
in Fig. 3b, the GO surface possesses rich oxygen-containing
functional groups. However, due to very low electrical conductivi-
ty, GO showed poor cycling performance and lower specific
capacity in comparison to RGO-I; for instance, after 100 cycles the
capacities of GO and RGO-I were 80 and 220 mAh g�1, respectively.
Obviously, among various cathodes studied [40,41], the RGO-I
cathode in this study presents superior cycle performance for LIBs,
which may be due to the factors that (i) the high specific surface
area ensures good close contact between electrode and electrolyte.
(ii) porous frameworks with good conductivity is beneficial for
efficient electron and ion transport. (iii) considerable oxygen-
containing functional groups increase reversible lithium storage.

Fig. 5e confirms the superior rate capability of RGO-I cathode
with the discharge capacities of 220, 193, 147 and 118 mAh g�1 at
50, 100, 200 and 400 mA g�1, respectively. During charge/discharge
processes, an increase of current density resulted in the decreased
specific capacity, which is attributed to a low lithium ion diffusion
rate [42]. Remarkably, when the current density is again reduced
back to 50 mA g�1 after 55 cycles, a stable and even higher capacity
of 235 mAh g�1 can be resumed. Fig. 5f displays the discharge
capacities of the 10th cycle at various current densities and relative
capacity retention compared with the capacity at 50 mA g�1. The
capacity retention of RGO-I were 87.7%, 66.8% and 53.6% at current
densities of 100, 200, and 400 mA g�1, respectively. Moreover, good
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Fig. 5. Electrochemical performance of functionalized RGO (RGO-I, RGO-II and RGO-III) and GO: (a) voltage–capacity curves of RGO-I sample at 50 mA g�1 in different charge–
charge cycles; (b) voltage–capacity curves of RGO-II sample at 50 mA g�1 in different charge–charge cycles; (c) CV data of the first 3 cycles for the RGO-I sample over a voltage
range from 1.5 to 4.5 V with a scan rate of 0.1 mV s�1; (d) Cycling performance of GO, RGO-I, RGO-II and RGO-III electrodes at a current density of 50 mA g�1; (e) Rate capability
of RGO-I electrode at different rates: (I) 50, (II) 100, (III) 200, (IV) 400, (V) 200, (VI) 50 mA g�1; (f) Discharge capacity and capacity retention of RGO-I at different current
densities.
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cyclability is still maintained when the current density is recovers
to 50 mA g�1. It can be concluded that RGO-I showed the good rate
capability for the LIB cathodes.

To better understand the superior electrochemical performance
of RGO-I, electrochemical impedance spectroscopy (EIS) of the GO,
RGO-I and RGO-II electrodes were carried out after 10 charge/
discharge cycles. As shown in Fig. 6, all Nyquist plots of the GO,
RGO-I and RGO-II electrodes exhibit a broad depressed semicircle
at the high frequencies for the charge-transfer kinetically
controlled region and a straight line at the low frequencies for
the mass-transfer-controlled Warburg region [43]. An equivalent
circuit is present in inset of Fig. 6, where Rs is the electrolyte
resistance of the electrochemical system, and Rct is the charge-
transfer resistance. The constant phase element (CPEct) normally
indicates the double layer capacitor, and Zw is the Warburg
element [44]. After simulation using equivalent circuit, the Rct of
GO, RGO-I and RGO-II is found to be 1833, 402.9 and 108 V,
respectively, which indicates that the electrical conductivity of
RGO-I and RGO-II is improved considerably. Thus, a sharp
difference of Rct explains why GO shows poor performance, as
we previously expected. RGO-II electrode exhibits a higher
electrical conductivity and a lower Rct, indicating the improved
electrical conductivity due to further reduction of RGO-I. It was
reported that the specific capacities of graphene cathode materials
highly depends on two factors: surface oxygen-containing
functional groups and electrical conductivity [24,27]. On one side,
the GO material possesses abundant surface oxygen-containing
functional groups, but low electrical conductivity. On the other
side, the RGO-II showed higher electrical conductivity, but a
limited amount of oxygen-containing functional groups. As a
result, the GO and RGO-II cathode materials exhibit poor lithium
storage performance for LIBs. It is reasonable that RGO-I showed



Fig. 6. Electrochemical impedance spectra (EIS) plots of the GO, RGO-I and RGO-II
electrodes after 10 cycles at a full charge state (4.5 V); the inset shows the selected
equivalent circuit to fit the EIS plots.
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superior electrochemical performance due to the rich oxygen-
containing functional groups on the surface and relatively high
electrical conductivity.

In this report, the reduced graphene oxide (RGO) was created
and controlled by combining modified Hummers’ method with
special thermal reduction via the controllable air gas. The excellent
specific capacity of RGO-I is mainly attributed to the reaction
between surface oxygen-containing functional groups and lithium
ions as well as the three-dimensional pore structure of the reduced
graphene oxide. As shown in the schematic illustration of Fig.1, the
three-dimensional pore structure acts as the channels for lithium
ion transport and storage; more importantly, the surface functional
groups like C¼O and ��OH can serve as the Faradaic reactions
centers for efficient Li storage during charge/discharge processes.
The XPS analysis showed that RGO-I contains a considerable
amount of oxygen (the atomic ratio of C/O is around 13). Moreover,
our study confirmed that for the RGO-II sample, some functional
groups of RGO-I were removed with heat treatment in 95%Ar+5%H2

without changing the morphology of RGO, as previously men-
tioned in Fig. 2. The capacity comparison of RGO-I and RGO-II
demonstrates the significant role of oxygen-containing functional
groups even RGO-II show much higher electrical conductivity in
EIS study. During charge/discharge processes, these oxygen-
containing groups can electrochemically react with lithium ions.
It is obvious that increasing oxygen-containing groups results in an
increase of the discharge capacity, and the oxygen-containing
functional groups of RGO cathodes are the significant key for
lithium storage functioning as reacting center.

4. Conclusions

In summary, we developed a novel strategy for the preparation
of RGO cathode materials. The effectiveness of this strategy is to
take full advantage of highly conducting and porous graphene
framework with electrochemical active functional groups for
reversible and fast Li storage through the oxygen functional groups
of RGO. These RGO materials were demonstrated to exhibit
excellent electrochemical performance in terms of high capacity,
good rate capability and cycling stability. Importantly, this
approach shows some possibilities for mass production of the
proposed cathode material which is much more environmental
and cost less than the conventional cathode materials. It is believed
that the proposed simple and novel approach will be promising for
rechargeable high energy density LIBs.
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