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ABSTRACT: 

Li-rich Li(Li0.2Mn0.54Ni0.13Co0.13)O2 cathode coated with carbon layer has been prepared by a 

hydrothermal approach followed by a post annealing process. The cathode after surface 

modification exhibits both enhanced cyclability and improved rate capability compared with the 

pristine one without coating. The carbon coating process causes a phase transformation from 

Li2MnO3-like domain to cubic-spinel domain with Fd3�m  symmetry at surface regions of 

particles. As a consequence, the valence state of Mn on the surface varies accordingly. Such 
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transformed surface spinels as well as the wrapped carbon layers as a result of this coating 

strategy are believed to be responsible for the enhanced electrochemical performance. 

KEYWORDS:  

Li-rich layered cathode, carbon coating, phase transformation, Li-ion batteries.
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INTRODUCTION 

Lithium-rich manganese-based layer-structured cathodes, which could be recognized as either 

Li(Li1-x-yMnxMy)O2 or xLi2MnO3·(1-x)LiMO2 (M refers to commonly-used transition metals 

such as Ni and Co), have been attracted extensive interests in a recent years.1-5 The unique 

feature of this type of material is its high reversible capacities close to 270 mAh·g-1,4 whereas the 

traditional layered Li1-xCoO2 is capable of maintaining structural stability only when a half of Li 

is deintercalated (x < 0.5). The integrated Li2MnO3 phase can electrochemically be activated 

with Li extraction accompanied with oxygen release when the potential difference between 

cathode and anode is higher than 4.5V vs. Li/Li+ in a first charge process.6-8 In the following 

discharge process, the resultant defective MnO2 structure which has both Li and O vacancies 

after first charge can adopt the reinsertion of Li where Mn is reduced from tetravalent to 

trivalent.1, 9 The ability of one or more Li per unit extraction/reinsertion without obvious collapse 

from structural instability compared to Li1-xCoO2 is the key for achieving high reversible 

capacity.  

Although the high capacity is very attractive, this family of cathode materials still suffers from 

several drawbacks: poor cyclability and rate capability, and reducing output voltage during 

cycling. These drawbacks are believed to be partially associated with the sensitivity of particle 

surfaces according to recent discoveries on these materials. Gu etc.10 found that in 

Li(Li0.2Ni0.2Mn0.6)O2 system, Ni prefers to segregate at the surface facets of synthesized particles 

and the particle facets tend to terminate at transition metal (TM) layers, while the Li fast 

diffusion channels in these layers are almost perpendicular to the channels inside. In fact, both of 

the phenomena nearby surface regions could induce high diffusion barrier against Li 

transportation, leading to poor rate capability. Concerning cyclability, the dissolution of TM ions 
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in high potential ranges from layered structure is always recognized as a main reason to capacity 

fade, as suggested by Amine11 and Song.12 While another surface initiated effect related to the 

capacity fade is a phase transformation caused by migration of TM ions, which is driven by 

thermodynamic instability of Li and O vacancies.5, 8, 13 Because of the above reasons, such 

particle surfaces are easily experienced to internal stress leading to local non-crystallization and 

further micro-cracks on surfaces during cycling.14 

To address the issues associated to the sensitivity of the particles’ surfaces, various 

methodologies have been used for surface modifications through various coatings of Li–Ni–

PO4,
15 AlPO4,

16 Al17 and RuO2
18 as the conductive surface layers to enhance the rate capability. 

On the other hand, Al2O3,
19 ZnO coating layers20 and surface nitridation21 were also applied to 

improve the cycle performance. Besides these traditional protection or conductivity effects 

resulted from coating layers, AlF3
22 and MnO2

23 were also found to contribute to surface spinel 

formation after corresponding surface modifications. Such surface spinels initiated from original 

Li2MnO3-like domains were reasonably believed to be able to improve both cyclability and rate 

performance. As a matter of fact, similar improvements due to surface spinels were also 

observed in (NH4)2SO4,
24 graphene25 and carbon black26 treated Li-rich layered systems. 

Nevertheless, due to reduction concerns of carbon coating, only a few of works were reported on 

the effects of carbon coating on such Li-rich layered systems,27 although carbon coating is 

always regarded as the most effective way for enhancement in olivine systems. Therefore, in this 

work we intend to develop a facile way to achieve carbon coating layers on 

Li(Li0.2Mn0.54Ni0.13Co0.13)O2 particles to improve electrochemical performance without largely 

change chemical composition of the layered compounds. 

EXPERIMENTAL SECTION 

Page 4 of 24RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 5

Preparation of carbon coated Li(Li0.2Mn0.54Ni0.13Co0.13)O2 

The pristine Li-rich compound Li(Li0.2Mn0.54Ni0.13Co0.13)O2 (LLNCM) was synthesized by a sol-

gel method assisted with a spray-drying machine. (YC-015, Shanghai Politech Instrument & 

Equipment Co. Ltd). The detailed procedures can be found elsewhere,25 whereas the carbon 

precursor was prepared based on Fang’s work.28, 29 In a typical synthesis, 0.6 g phenol, 15 ml 

NaOH aqueous solution (0.1 M) and 2.8 ml formalin solution were mixed and stirred at 70 oC for 

30 min. Then, 15 ml deionized water containing triblock Pluronic F127 (1.28 g) was added. 2 h 

later, 50 ml deionized water was added followed by reaction for 20h. The mixture was diluted 4 

times before obtaining the pink solution. 300 mg LLNCM and 25 mL pink solution were mixed 

together by stirring for 1 h. To obtain the carbon coated LLNCM, the mixture was transferred 

into an autoclave then heating at 130°C for 3 h or 15 h, which are assigned to be C-3 or C-15. 

After that, the obtained powders were post annealed at 350 °C for 2 h in air with both heating 

and cooling rates at 5 °C·min-1. The corresponding products after post annealing were 

respectively named as C-3-H and C-15-H. 

Structure and morphology characterizations 

Crystal structures of all powders were characterized by a powder X-ray diffraction machine 

(Shimadzu XRD-6000 Cu-Kα radiation, λ = 1.5418 Å). Diffraction data were collected at a scan 

rate of 0.5o min-1. Powder morphologies were investigated using a scanning electron microscope 

(Fe-SEM) (S-4300 Shimadzu, 15kV). A high-resolution transmission electron microscope 

(HRTEM) (JEOL 2200FS, operating at 200 kV) was employed to reveal the detailed lattice 

information before and after annealing process. Another scanning transmission electron 

microscope (JEOL JEM-2010F, operating at 200 kV) coupled with electron dispersive X-ray 

spectroscopy (EDX) mapping was applied for elemental identification after coating process. The 
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variations in valence states of transitions metals before and after surface treatment were 

investigated by X-ray photoelectron spectroscopy (XPS) (Kratos AXIS Ultra DLD, Kratos 

Analytical Ltd) with a monochromatized Al Kɑ X-ray source (1486.6 eV photons) at a constant 

dwelling time of 100 ms. The binding energy was ranged from -5 to 1100 eV. 

Thermogravimetric analysis (TGA) was applied on C-3 and C-15 samples to reveal the carbon 

content in air at a heating rate of 5 °C·min-1 from room temperature to 800 °C using DTG-60H 

Shimadzu. 

Electrochemical characterizations 

Electrochemical behaviors of the pristine and modified samples were tested using CR-2016 type 

of coin cells. To prepare the coin cells, the electrode slurries were prepared by mixing active 

cathode materials, carbon black (Super P) and polyvinylidene fluoride (PVDF) in the weight 

ratio of 80 : 10 : 10 within n-methyl-2-pyrrolidone (NMP) solution stirring for overnight. The 

slurries were coated on an aluminum foil followed by overnight drying at 120°C. The dried 

electrodes were punched into pieces of 10 mm diameters with a typical loading of 2 – 3 mg. Half 

cells were assembled in an argon-filled glove box. Li foil was used as count and reference 

electrode, two pieces of membrane (Celgard 2500) were adapted separator, and electrolyte in the 

form of 1M LiPF6 in EC : DEC = 1 : 1 organic solutions was used as the electrolyte. All cycling 

tests were performed in the potential window of 2.0 – 4.8 V vs. Li/Li+ as 1 C refers to 250 mA·g-

1. Plots of dQ/dV vs. voltage were obtained based on the testing data of charge/discharge cycling. 

RESULTS AND DISCUSSION 

Fig. 1 compares X-ray diffraction spectra of the pristine and the surface modified 

Li(Li0.2Mn0.54Ni0.13Co0.13)O2 powders. All the strong peaks in the patterns could be easily 
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indexed to a rhombohedral layered phase (subscript of R) with m3R space group. Besides these 

signal reflection peaks, several weak peaks in the range of 20 - 23° are consistent with a super-

ordering structure among Li and transition metals (Mn, Ni and Co) in the transition metal layers 

of Li2MnO3-like monoclinic phase (subscript of M).4 Apparently, no impurity phase could be 

observed either in carbon coated samples (C-3 and C-15) or post annealed ones (C-3-H and C-

15-H). However, the intensity of the super-ordering peaks (020)M and (110)M obviously 

decreases after carbon coating and post annealing, suggesting that the modification process may 

affect the local ordering of Li2MnO3-like phases in crystal lattice in addition to the influence of 

carbon coating itself. Furthermore, the (003)R/(001)M and (101)R/(-201)M peaks become broader 

and shift to higher degrees in the modified samples compared with the peaks in the pristine one. 

A fitting of C-3-H and C-15-H spectra using Rietveld refinement was successful based on an 

assumption of Li2MnO3 and LiNi1/3Co1/3Mn1/3O2 composite structure, implying only lattice 

shrink in c - direction after modification rather than new phase formation, which is consistent 

with the trend observed from acid-treated Li-rich layered cathodes.30 The hump related to spinel-

like ordering phase located at lower 36.9°, as labeled by diamond could be identified in selective 

XRD patterns in Fig. 1.22 Based on the above observations, it is likely that the surface coating of 

carbon leads to a phase transformation from layer-ordering phase to spinel-like phase. 
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Figure 1. Powder XRD patterns of the pristine, carbon coated (C-3, C-15) and post annealed (C-

3-H, C-15-H) LLNCM samples. 

Fig. 2 compares morphologies of the pristine, carbon coated (C-3, C-15) and post annealed (C-3-

H, C-15-H) particle. The distribution of particle size of about 100 to 200 nm with facets could be 

observed in the pristine sample, while the particles tend to aggregate and grow in size without 

clear facet after coating process, as seen in both C-3 and C-15 samples. The increase in particle 

size is caused by hydrothermal reaction, and might also be associated with carbon coatings 

which interconnect small crystals. A thin carbon layer about 3 nm was evenly coated on the 

particles from TEM observation (Fig. 3) whereas parts of carbon were accumulated to form 

spheres. Elemental mappings of C-3 particle reveal uniform distribution of C, Mn, Ni and Co 

(Fig. 4) after carbon coating. Similarly but not equally, with the increase in duration time of 

reaction from 3 to 15 h, more carbon layers in C-15 sample tend to grow into carbon spheres 

(Fig. 2) which was confirmed in bright field TEM image (Fig. 3). The more transparent spheres 
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around a LLNCM particle represent the carbon spheres. According to TGA results (Fig. S1), the 

carbon contents in C-3 and C-15 are approximately 6.3 wt.% and 6.6 wt.%, respectively. A 

sudden loss of weight from 150 to 300 °C was caused by lose of functional groups on these 

synthesized carbon. After a post annealing process, the particle morphologies of C-3-H and C-

15-H samples barely change but the average particle sizes are apparently reduced compared to 

those before annealing, as observed in Fig. 2. Moreover, the corresponding TEM images of both 

C-3-H and C-15-H samples (Fig. S2) exhibit non-uniform transparency in form of nano-domains, 

compared to dissimilar characters in transparency of pristine sample (Fig. S2). It may imply local 

disorder or rearrangement of original layered structure as a result of surface treatment, which is 

highly related to local spinel-like transformation. 

 

Figure 2. SEM images of the pristine, carbon coated (C-3, C-15) and post annealed (C-3-H, C-

15-H) LLNCM particles. Arrows inside indicate the carbon spheres in the C-15 sample. 
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Figure 3. Bright field TEM images of C-3 and C-15 samples where sample of C-3 reveals nano 

carbon layers of 3 nm thickness on LLNCM particles, while C-15 exhibits carbon spheres around 

a LLNCM particle instead of coating layers. 
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Figure 4. Carbon, nickel, cobalt, and manganese elemental mapping using a STEM on the C-3 

sample confirms a uniform distribution of all kinds of elements after coating process. 

HRTEM characterization of the C-15-H sample is shown in Fig. 5. Fig. 5 (a) reveals general 

appearance of the particles with electron diffraction pattern (EDP) and diffraction indexing in 

Fig. 5 (b) and (c). Two sets of diffraction can be indexed, layered triclinic structure and spinel 

cubic structure as confirmed. Fig. 5 (d) shows HRTEM on the surface of a particle. Further FFT 

images for sub areas as shown in Fig. 5 (e) and (f) reveal the spatial relationship between these 

two phases. Green dash lines in Fig. 5 (d) highlight the layered domains tend to be enclosed by 

spinel domains which are terminated on the surface of the particle. The zone axis with respect to 

two phases are [1-11]layered and [110]spinel. 
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Figure 5. TEM identification of the C-15-H sample: (a) low magnification TEM bright field 

image of the modified LLNCM particles, (b) electron diffraction pattern (EDP) corresponding to 

(a), (c) index of the electron diffraction rings of (b), revealing two types of phases i.e., layered 

triclinic structure and spinel cubic structure, (d) HRTEM image showing surface regions of the 

particle composed of mixed spinel and layered structures inside, (e) and (f) Fast Fourier 

Transforms (FFT) to sub areas in (d) with indexes shown in (h) and (i), (g) FFT to (d) with two-

phase index shown in (j). The zone axis with respect to two phases are [1-11]layered and [110]spinel. 

Green dash lines in (d) highlight the layered domain which is enclosed by the spinel domain. 

The transformation on the surface regions is believed to be induced during the hydrothermal 

processing where presence of carbon coating increases the acidity of the hydrothermal solution 

resulting in ions exchange between H+ and Li+ at high pressure. The final annealing may assist 

phase transformation and aggregation of carbon. On the other hand, the further reduced carbon 

layers as confirmed by both TGA results (Fig. S1) and TEM image (Fig. S3) could be partially 

sustained on particle surfaces after heat treatment. Based on the above observations and the 

synthesis procedure, the mechanisms of carbon coating and transformation on the particles’ 

surfaces in C-3 (C-15) and C-3-H (C-15-H) are schematically illustrated in Fig. 6. 
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Figure 6. Schematic illustrations of the formation process: (a) mixture of pristine particles and 

polymeric solution before hydrothermal process, (b) carbon coating with functional groups 

during hydrothermal processing, and (c) formation of carbon coating and surface transformation. 

XPS was applied to investigate the solid-state chemistry of particle surfaces of all the pristine 

and modified C-3, C-3-H samples. Spectra of C 1s, O 1s, Li 1s, Mn 2p, Ni, 2p and Co 2p orbital 

are respectively shown in Fig. 7. Curve fittings were performed based on the binding energy of C 

1s (C-C sp2 bond) at 284.5 eV. As shown in C 1s spectra, several peaks corresponding to 284.5, 

285.5 and 287.6 eV could be recognized as C-C, C-OH and C=O, respectively.31, 32 The higher 

intensities of both C-OH and C=O peaks in C-3 sample indicate the presence of functional 

oxygen groups on the surface carbon layers rather than highly-carbonized layers after coating 

process. However, these functional groups partially decompose after the post annealing process 

judged from the drastic decrease in intensities of the C-3-H sample. The similar trend is also 

observed in the O 1s spectra. A larger amount of functional oxygen groups on particle surface for 

C-3 sample compared to the amount of pristine one was able to function as the protection layer 

on particles to mitigate the corrosion effects of electrolyte, and thus enhance the cyclability. In 

the meantime, these functional oxygen groups could also decrease the surface electrical 

conductivity of particles. Consequently, these characteristics of functional groups significantly 

affect the electrochemical performance, and will be shown later. On the other hand, the surface 

modification has less effects on variations of valence states of both Ni and Co, according to the 

comparable peaks fitted in Ni 2p and Co 2p spectra. Ni2+ (854.6 eV) and Co3+ (780.1 eV) 

dominate in all samples with trace amount of Ni3+ (855.9 eV) and Co4+ (781.1 eV) at the 

synthesized state. It is interesting to note that the valence state of Mn substantially varies as a 

result of carbon coating and post annealing, as seen from both Mn 2p and Mn 3p (close to Li 1s) 

Page 13 of 24 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 14

spectra. Mn4+ with respect to 642.9 eV peak is the majority constitute in the pristine sample, 

while the majority one switches to Mn3+ in both the C-3 and C-3-H samples. The decrease in 

average valence state of Mn may imply formation of spinel, or at least a change in electronic 

configuration related to the Mn at surface regions. As also suggested in HRTEM results in Fig. 5, 

it is likely to deduce that the transformed spinel is LiMn2O4-like cubic spinel, despite the 

accurate chemical composition in local structure is hardly detected. However, the statistical 

feature of the chemical compositions at surface regions of particle could be confirmed by XPS.  

 

Figure 7. XPS spectra for pristine, C-3 and C-3-H samples as indicated by A, B and C, 

respectively. Black solid, blue solid and red dash lines represent original graphs, fitted peaks and 

fitted graphs, respectively. 
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As shown in Table 1, two important observations are summarized: 1) compositional ratio of Li 

relative to a sum of TM ions reduces from 1.04 of the pristine to 0.21 of C-3 and to 0.73 of C-3-

H, and 2) the relative contents of Ni, Co and Mn also varies. It is important to note that although 

the above data imply the spinel formation in C-3 sample, a subsequent heat treatment is still 

necessary to complete such transformation according to distinct electrochemical behaviors in a 

following section. 

Table 1. Surface chemical compositions of the pristine, C-3 and C-3-H samples based on the 

XPS results. 

 Li 
Transition metals 

O 
Mn Ni Co Total 

Pristine 1.02 0.54 0.22 0.22 0.98 2.8 

C-3 0.35 0.91 0.45 0.30 1.65 5.9 

C-3-H 0.84 0.84 0.18 0.13 1.15 2.6 

Table 2. First charge/discharge capacities and corresponding coulombic efficiency of pristine, C-

3, C-15, C-3-H and C-15-H cathodes cycled in a voltage window of 2.0 - 4.8 V at 50mA·g-1. 

 
Charge capacity 

(mAh·g-1) 
Discharge capacity 

(mAh·g-1) 
First coulombic 
efficiency (%) 

Pristine 300 253 84.3 

C-3 188 116 61.7 

C-15 199 142 71.4 

C-3-H 272 263 96.7 

C-15-H 273 264 96.4 
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Fig. 8 compares the first cycle charge/discharge curves at a current density of 50 mA·g-1 and 

respective dQ/dV plots of all the samples. The charge/discharge capacities as well as the 

coulombic efficiencies are tabulated in Table 2. The pristine LLNCM delivers a charge capacity 

of 300 mAh·g-1 and discharge capacity of 253 mAh·g-1 with 84 % efficiency, while these values 

drastically reduce for C-3 and C-15 samples. It is noted that the coated layers of carbon or 

spheres are of poor electronic conductivity due to their poor carbonization feature, as supported 

by the presence of functional oxygen groups in XPS C 1s and O 1s results. However, the charge 

capacities decrease whereas both discharge capacities and coulombic efficiencies increase for C-

3-H and C-15-H samples, i.e. 263mAh·g-1 with 96.7 % and 264 mAh·g-1 with 96.4 %, 

respectively. These improvements in discharge capacity and initial coulombic efficiency after 

post annealing could be ascribed to two reasons, formation of spinel by consuming the amount of 

Li2MnO3-like component which is confirmed by reduced 4.5 V charge plateau but elongated 2.7 

V discharge plateau, and the better carbonized layers or spheres as a result of post annealing as 

also supported of XPS results in Fig. 7. Although the pristine LLNCM exhibits a typical 

deintercalation/intercalation profiles of Li rich layered structure,2 the typical electrochemical 

profile has been apparently changed after modification (samples C-3, C-15, C-3-H and C-15-H). 

The dQ/dV plot of the pristine sample first shows an oxidation of Ni2+ and Co3+ to higher states 

related to 4.1 V peak (O1), followed by a redox-like peak at about 4.6 V which is commonly 

recognized due to oxygen release. Both of the two peaks clearly shift to higher potentials after 

coating (C-3, C-15) due to polarization effects from coating layers, but shift back to the 

comparable positions of the pristine one after the further heating process (C-3-H, C-15-H). In a 

typical discharge process of the pristine sample, three reduction peaks noted as R1, R2 and R3 

were observed. The origin of R1 is still unclear at present,33 while R2 and R3 are believed to be 
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associated with Ni4+/Ni2+ in addition to Co4+/Co3+ redox couples in a layered structure and 

Mn4+/Mn3+ redox in a layered structure, respectively. The only peaks appeared in C-3-H and C-

15-H samples, are R4 and R5 attributed to the Mn4+/Mn3+ redox in a layered-spinel-mixed 

complex structure and in a surface-formed spinel structure.34 It is worth pointing out that 1) R3 

contributions in C-3 and C-15 samples significantly reduce compared to the pristine one, 

suggesting a less activation of Li2MnO3-like component which is responsible for reduced 

discharge capacities, and 2) the existence of only R4 and R5 peaks confirms phase transformation 

after heating process, which not only took place at surface regions but also possibly initiated in 

bulk regions because of the significant contributions to the capacity. Although XRD and XPS 

results imply the possible spinel formation in the coated samples C-3 and C-15, the 

disappearance of R4 and R5 peaks still argue that the leaching of Li incorporated with 

rearrangement of electronic configuration related to Mn occurred, but the local structure 

sustained to be in the form of layered before the subsequent heating process. 
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Figure 8. First charge/discharge curves with corresponding dQ/dV plots of the pristine, C-3, C-

15, C-3-H and C-15-H cathodes tested at a current density 50 mA·g-1, 2.0 - 4.8 V at room 

temperature. 

Fig. 9 shows the cycle performance and rate capability of all the samples. At 0.2 C (Fig. 9(a)), 

the pristine sample is able to provide 112 mAh·g-1 discharge capacity after 100 cycles with 44 % 

capacity retention, whereas continuous increase in capacities for both C-3 and C-15 samples 

were observed in the first 8 charge/discharge cycles and 92 % for C-3 and 91 % for C-15 can be 

obtained. The increase in capacity during charge/discharge upon first 8 cycles is due to 

continuous activation of Li2MnO3 component. As discussed in previous XPS section, the 
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apparent functional oxygen groups in surface carbon layers may slow down the kinetics of the 

related activation of Li2MnO3. However, it could be further electrochemically reduced to more 

conductive carbon layers by gradual formation of Li2O during Li intercalation and 

deintercalation.35, 36 The further reduced carbon layers not only facilitate the activation of 

Li2MnO3, but also act as protection layers to avoid thick formation of SEI layers and dissolution 

of transition metals due to HF attacking.37-39 In fact, after the initial activation, C-3 and C-15 

materials are capable of delivering the capacities as high as 42 and 54 mAh·g-1, respectively, at a 

high rate of 20 C compared with only 13 mAh·g-1 for the pristine as shown in Fig. 9(b). On the 

other hand, the post annealed samples C-3-H and C-15-H possess not only similar initial 

capacities compared to the pristine one, but also the enhanced ability of capacity retention, i.e. 70 

% and 68 %, respectively. It suggests that the sustained carbon layers at particle surfaces after 

post annealing are still able to function as the protection layers. Furthermore, more than 100 

mAh·g-1 capacity could be achieved at 10 C from both samples, which might be ascribed to 

increased extrinsic conductivity of carbon coating as well as the transformed surface spinels 

providing fast diffusion channels of Li.40, 41 Meanwhile, it is very important to note that the 

surface spinels may not be associated with the improved cyceability. On the contrary, it may 

even negatively contribute to the cyclability since spinel is an unstable phase when exposed to 

electrolyte (Mn2+ dissolution). To better understand the structural evolution process upon 

cycling, Fig. S4 compares the charge/discharge and dQ/dV curves at various cycling stages of all 

the samples. As widely accepted, the family of Li-rich layered cathodes is inevitable to be 

involved with a phase transformation to spinel ordered structure during 

deintercaltion/intercalation of Li.12, 13, 42 The pristine material underwent phase transformation in 

the first 100 cycles. All the other cathodes after surface modification exhibit similar behaviors, 
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indicating that neither surface coating of carbon nor subsequent heat treatment could contribute 

to suppress this structural evolution process, as also supported by arrows in dQ/dV plots.  

 

Figure 9. Cycle performance and rate capability of pristine, C-3, C-15, C-3-H and C-15-H 

cathodes at different testing conditions: (a) 0.2 C, (b) at incremental C rates of 0.2, 1, 2, 5, 10 and 

20 C (same current densities for charge/discharge), where 1 C stands for 250 mAh·g-1. 

CONCLUSIONS 

A carbon coating on Li(Li0.2Mn0.54Ni0.13Co0.13)O2 has been realized by a hydrothermal approach. 

The carbon coated Li(Li0.2Mn0.54Ni0.13Co0.13)O2 cathode material exhibits enhanced cyclability 

with discharge capacity 182 mAh·g-1 corresponding to 92 % capacity retention after 100 cycles 

at 0.2 C. After a post annealing of the carbon coated material, increased conductivity of the 
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carbon layers lead to the enhanced rate capability as well as acceptable cycle performance, i.e. 

100 mAh·g-1 at 10 C rate and 70 % capacity retention compared with 50 mAh·g-1 and 44 % for 

the pristine material. XRD, HRTEM, XPS and electrochemical testing confirm the formation of 

spinel domains initiated from Li2MnO3-like component, accompanied with variation of valence 

state of Mn after this surface modification. The spinel benefits in fast diffusion of Li+ at surface 

regions and thus the rate capability. However, it may negatively affect cyclability as well. Most 

importantly, this work provides convincing evidences to support a prospective that the surface 

characters of the Li-rich layered cathodes are quite sensitive to impact electrochemical 

performance, not only cyclability but also rate capability. 
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