
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

Journal of
 Materials Chemistry A

www.rsc.org/materialsA

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Effect of the morphology of Li-La-Zr-O solid electrolyte coating on the 

electrochemical performance of spinel LiMn1.95Ni0.05O3.98F0.02 cathode materials 

Yu-Feng Deng a,b, Shi-Xi Zhao a*, Ya-Hui Xua,b, Ce-Wen Nanb 

a
Graduate School at Shenzhen, Tsinghua University, Shenzhen, 518055, China 

bSchool of Materials Science and Engineering, Tsinghua University, Beijing, 100084, China 

E-mail: zhaosx@sz.tsinghua.edu.cn (Shi-Xi Zhao). 

*Corresponding Author: Tel.: +86 0755 26036372; fax: +86 0755 26036372 

Abstract 

Lithium-ion solid electrolyte Li7La3Zr2O12 (LLZO) coated LiMn1.95Ni0.05O3.98F0.02 cathode 

materials with controllable coating morphology were prepared via sol–gel route and 

subsequently heat treatment at different temperatures. Effect of the morphology of Li-La-Zr-

O solid electrolyte-coating on the electrochemical performance of spinel 

LiMn1.95Ni0.05O3.98F0.02 cathode materials were investigated by XRD, SEM, TEM and 

electrochemical test. The results showed the coating did not change the spinel structure of 

LiMn1.95Ni0.05O3.98F0.02 cathode materials, the atoms of coating material can only adhere to the 

surface of octahedral grain rather than enter the spinel lattice. Heat annealing temperature has 

significant effect on the microstructure of LLZO coating layer. At lower heat annealing 

temperature (400
o
C), the coating form a reticulation; at the mid-temperature (600

o
C), it 

exhibits more uniform and continuous layer, when the heat-treatment temperature increases to 

a high level (800
o
C), the coating exist as discontinuous nano-particles rather than layer. 
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Among all coating form, the continuous coating layer formed at 600oC shows the best 

electrochemical performance.   

Keywords:    Cathode material; Spinel Lithium manganese oxide; Lithium-ion solid 

electrolyte; Lithium lanthanum zirconium oxide; Cycle performance  

1. Introduction 

The application targets of lithium-ion batteries have evolved from consumer electronics to 

hybrid electric vehicles and stationary energy storage. The improved battery performance 

depends critically on the development of the materials for the various battery components. 

Cathode material is the critical material in Lithium-ion batteries system, its voltage plateau, 

capacity, safety and raw material resources directly determines the lithium ion battery energy 

density, safety, cost and the application field. Spinel LiMn2O4 is regarded as a prospective 

high-power cathode material for LIBs because of its properties such as suitable Mn4+/Mn3+ 

redox potential (4.0 V versus Li+/Li), excellent voltage profile, abundant availability, low cost 

and environmental friendly
1-3

. Moreover, there are some problems that prevent it being used 

in practical applications, such as the severe capacity fading and the poor rate performance 

during cycling especially at elevated temperature (e.g. 55
o
C). These problems mainly arise 

from the following factors: (1) an onset of cooperative Jahn–Teller distortion in deeply 

discharged LixMn2O4
4, (2) an acidic dissolution of manganese-ions5, which would be 

intensively aggravated by temperature increasing and (3) an electrochemical oxidation of the 

organic-based electrolyte at the charged state6. 

In order to improve the cycling performance of spinel LiMn2O4 at elevated temperature, 
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several ways have been adopted such as doping with other cations or anions, surface coating, 

or utilization of electrolyte additives. Several research groups have attempted to stabilize the 

structure of LiMn2O4 powders during cycling by substituting a small fraction of the 

manganese-ions with other metal ions in different valence states such as Li
7
, Al

8
, Cu

9
, Ni

10
, 

Fe
11

, Ti
12

and Zn
13

in the 16d sites. On the other hand, surface coating also is considered to be 

an effective way to improve the capacity retention. It is generally accepted that the coating 

materials can suppress HF attack by scavenging of HF in the electrolyte, and then can reduce 

the dissolution of Mn, especially at high temperature. The dissolution of Mn is the crucial 

factor resulting in the capacity fading at high temperature. Many studies have been applied in 

terms of different coating materials such as Al2O3
14

, TiO2
15

, CeO2
16

, SiO2
17

, AlPO4
18，

LiNi1/2Mn1/2O2
19and solid electrolyte20-22, and the effect of different coating materials on the 

electrochemical performance is different. For the same kind of coating material, the 

morphology and the amount of coating also has a great effect on the electrochemical 

performance
23-28

. The coating thickness can be controlled through changing the amount of 

coating materials, but the influence of existence form of the coating on the electrochemical 

performance of cathode materials is lack of systematic research.    

In this study, the Li-La-Zr-O solid electrolyte is selected as the coating materials, as our 

previous study shows that the positive electrode coated with the solid electrolyte material 

such as LASO
21

 and LLTO
22

 can significantly improve the electrochemical performance of 

cathode material. In general, inert oxides as coating materials usually are inferior conductors 

and electrochemically inactive, which can even reduce the capacity of LiMn2O4 and block 

lithium-ion conduction. On the contrary, lithium-ion solid-state electrolyte does not 
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deteriorate the capacity of LiMn2O4 because solid-state electrolyte itself is electrochemically 

active without blocking Li
+
 migration. It is well known that LLZO shows high Li-ion 

conductivities, i.e., 10–3
∼10−4 S cm−1 for the cubic phase29 and 2.3×10−5 S cm−1 for the 

tetragonal phase
30

 at room temperature. LLZO also has sufficient stability against lithium 

metal, implying that it does not decompose in the process of charging and discharging. 

Therefore, it seems to be a good candidate for surface coating. We focus on the effect of heat 

treatment process on the morphology of Li-La-Zr-O solid electrolyte coating, and the effects 

of the coating morphology on the electrochemical performance of spinel 

LiMn1.95Ni0.05O3.98F0.02 cathode materials.  

2. Experimental 

A spinel structural LiMn1.95Ni0.05O3.98F0.02 cathode material was synthesized by a solid-state 

oxides method. MnO2 (92.2%) was mixed with a stoichiometric amount of Li2CO3 (99.0%), 

NiO (99.0%) and LiF (99.9%) by ball milling. Then, the mixture was calcined at 750 oC for 

48 hours in air to obtain the spinel powder. And then the spinel powder was heat treated in the 

0.6LiCl-0.4KCl molten salt at 850 ºC for 4 h to promote the recrystallization of the spinel 

grains, and then washed with deionized water for removing the molten salt to obtain high-

crystallinity spinel grains. 

The highly crystallized LiMn1.95Ni0.05O3.98F0.02 grains were coated with LLZO by the sol-

gel method, the experiment details can be seen in our previous work
20

. The amount of coating 

was adjusted to 2.0 wt.%. The obtained polymer citrate gel precursor was dried in air at 120 

ºC for 1 hour and then heated at various temperatures (400 ºC, 600 ºC and 800 ºC) to produce 

Page 4 of 31Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t



the LLZO-coated LiMn1.95Ni0.05O3.98F0.02 composite. The sample coated with 2 wt.% of LLZO 

at 400 ºC for 4 hours, 600 ºC for 1 hour and 800 ºC for 1 hour are labeled as LMNFO-L, 

LMNFO-M and LMNFO-H individually.  

The crystal structure and phase purity of the obtained powders were analyzed by X-ray 

diffraction (XRD, Rint-2000V/PC, Rigaku, Japan) using Cu Kα radiation source in step-

scanning mode [∆2θ=0.02°]. The morphology and average particle size of the samples were 

observed with a field emission scanning electron microscope (SEM450, FEI, Netherlands) 

equipped with energy dispersive spectrometer (EDS) for element analysis. Themicro-region 

structure of the coating layer wasobserved by transmission electron microscope (TEM) 

(Tecnai G2 F30 S-TWIN instrument). 

Electrochemical testing was performed in R2032 coin type cells with lithium foil as the 

negative electrode. The positive electrodes was fabricated by blending the cathode material, 

polyvinylidene fluoride (PVDF), and acetylene black (85:5:10) in N-methyl-2-pyrrolidone 

(NMP). The slurry was coated onto the aluminum foil current collector and dried under 

vacuum at 120 ºC for 6 hours prior to use. The coated foil was cut into circular discs of 15 

mm in diameter, the electrode thickness is about 120 µm and the area of the working electrode 

is 1.767 cm
2
. The electrolyte solution was 1.0 M LiPF6 in ethylene carbonate (EC)-dimethyl 

carbonate (DMC) mixture (1:1 ratio by volume). A thin porous polypropylene film was used 

as the separator. All cells were assembled in an Ar-filled dry glove box (O2, H2O below 5 

ppm). The galvanostatic charge and discharge cycle tests were carried out at 55±0.5 ºC 

between 3.0 V and 4.3 V using a battery tester (LAND CT2001A, China). The 

electrochemical impedance spectroscopy (EIS) was examined by applying an AC voltage of 5 
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mV over the frequency range of 0.01 Hz to 100 KHz and the cyclic voltammogram (CV) test 

were carried out at a scan rate of 100 µV·s
-1

 between 3.0 V and 4.5 V using Shanghai 

Chenhua CHI660D electrochemical analyzer. 5 cells for each cathode material sample were 

assembled and tested from same batch. The data is the average value of 5 cells.  

3. Results and discussion 

3.1 XRD analysis 

The X-ray diffraction patterns of the pristine LMNOF and 2 wt.% LLZO-coated 

LMNOF samples are shown in Fig. 1. All diffraction peaks of the LMNOF with or without a 

coating matched well with spinel LiMn2O4 ( Space Group, Fd3m, ) without impurity phases, 

indicating that the LLZO surface coating did not change the spinel structure of the LMNOF, 

which is made of regular tetrahedral [LiO4] and regular octahedral [MnO6] 
31

. The peak 

shifting is not observed, implying that the atoms of coating materials do not diffuse into the 

spinel lattice structure in consequence of high crystallinity of grains through molten salt 

method. Absence of the diffraction peaks of LLZO is possible because the content of LLZO is 

low or/and LLZO completely covers the surface of spinel grains.  

The LLZO precursor sol without cathode powder was calcined through the same heating 

process, and their XRD pattern is illustrated in Fig. 2.Kokal et al.32 prepared garnet-related 

type LLZO by the modified sol–gel Pechini method, which is somewhat different from 

Pechini method we used. However, the XRD pattern is similar to our results. Garnet-related 

type LLZO is not obtained at 923K (650oC), while the precursor material calcined at 1073 K 

(800
o
C) exhibits mainly tetragonal LLZO. In our case, the coating material shows more and 
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more obvious tetragonal LLZO phase33 and higher crystallinity as the temperature increases. 

Pure phase LLZO was not obtained at 400, 600 and 800 ºC, always accompanied with a small 

amount of LiLaO2 or Li2ZrO3. On the one hand, obtaining LLZO pure phase is difficult under 

the process of coating, because higher temperature and longer heat-treatment time would 

destroy the continuity of coating layer, which can be found in Figure 3. On the other hand, 

some researchers have proven that La2O3-
34, ZrO2-

35, Li2ZrO3-coating36 can improve the 

electrochemical performance of cathode materials and Z. X. Yang et al. even found that mixed 

metal oxide coating34 can also improve the electrochemical performance. Additionally, 

LiLaO2 or Li2ZrO3 also is conductive for lithium-ions as well.
37

 

3.2 Morphology analysis 

The morphology of pristine LMNOF and LLZO coated LMNOF powders were 

observed by scanning electron microscopy (SEM) (Fig. 3a-3d). The pristine grains have a 

very uniform size distribution of 1~2 µm. The grain sizes after the LLZO coating do not 

change obviously. For pristine LMNOF, the surface of octahedron grains is smooth and cleans 

(Fig. 3a), while the surface of LLZO coated spinel grains was covered by a coating layer, 

which morphology from different heat treatment conditions is different. The coating layer of 

LMNOF-L formed at 400 ºC has a reticular structure, which is in accord with our previous 

study20. In contrast, the coating layer of LMNOF-M formed at 600 ºC appears a relatively 

uniform and continuous film. When the heat treatment temperature rises to 800 ºC, the 

coating layer shows rough island structure of discontinuous, and the coating material 

nanoparticles with the order of ~10 nm were uniformly distributed over the surface of 

LMNOF spinel grains, as shown in Fig. 3d. It should beattributed to the coating layer 
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cracking resulting from high temperature. Among three samples, LMNOF-M shows best 

coating morphology. The coating layer, which is more uniform and has higher crystallinity, is 

more stable to suppress manganese dissolution effectively into the non-aqueous electrolyte. 

Fig. 4is a schematic diagram for the formation process of coating layer.it illustrates that 

the atoms of coating materials (a gel film covered around the spinel grains by sol-gel coating 

method) possess two diffusion forms during the heat treatment: self-diffusion on the grain 

surface and inter-diffusion with the cathode material grain. Which diffusion form plays a 

dominant role in the coating process is vital to the final existence form of coating materials. 

The coating process can be regarded as nucleation and growing up of coating material on the 

surface of the octahedral grains. When the heat treatment below 600 and 400 ºC, the critical 

nucleation size decrease while the number of crystal nucleus increase. The coating materials 

tend to form a continuous film with fine grain size. Heat-treated at the high temperature (800 

ºC), the coating is inclined to form an island structure.  

EDS is used to identify elements of the uncoated and LLZO-coated 

LiMn1.95Ni0.05O3.98F0.02 samples. As shown in Fig. 5, the EDS results reveal the presence of 

Mn, O, Ni, F elemental peaks for the uncoated sample, while the LLZO coated sample 

(LMNOF-M) exists Mn, O, Ni, F, La, and Zr elemental peaks. The distribution of La and Zr 

element is very uniform, which reflects forming a uniform LLZO coating on the spinel grain 

surface.  

Fig. 6 shows the TEM image of the LMNFO-M and LMNFO-H. It is observed that the 

coating material exhibits well developed crystallinity, and it is tightly coated on the core 
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material. The core material exhibits a single-phase cubic spinel with (111) plane, the lattice 

distance of the core material of both samples is measured to be 0.476 nm. According to the 

results of the XRD, it is concluded that atoms of coating materials did not diffuse into the 

spinel structure. The LMNFO-M sample (Fig. 6a) exhibits a continuous coating film with the 

thickness of about 16 nm. The coating layer is compact and uniform enough to hinder the 

direct contact between the spinel grain and electrolyte effectively. For the LMNFO-H sample, 

as shown in Fig. 6b, the coating materials appear as nanoparticles, such a rough discontinuous 

coating could not effectively prevent the electrolyte from corroding the surface of spinel 

particles. 

3.3 Galvanostatic charge/discharge studies 

Charge-discharge cycling profiles of the pristine and LLZO-coated 

LiMn1.95Ni0.05O3.98F0.02 cathode are shown in Fig. 7(a)-(d). All samples clearly display two 

plateaus at about 4.1 and 4.0 V versus Li/Li+, indicating a two-step process during cycling (a 

two-phase transition of γ-MnO2/Li0.5Mn2O4 at about 4.1 V versus Li/Li
+
 and 

Li0.5Mn2O4/LiMn2O4 at about 4.0 V versus Li/Li+)39 and suggesting that the coating of LLZO 

does not change the mechanism of Li
+
 insertion/extraction in spinel structure. The LLZO-

coating increases rather than decreases the initial capacity of the spinel cathode materials, 

which is different from other inactive oxides materials coating. 

Fig. 8 shows the cycling performances and rate capability of pristine and LLZO-coated 

LiMn1.95Ni0.05O3.98F0.02 cathodes vs. Li/Li+. As shown in Fig. 8(a), the LLZO coating improves 

the cycle performance, but also improves the discharge capacity. As for pristine 
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LiMn1.95Ni0.05O3.98F0.02, the capacity fades from initial capacity of 106.7 to 81.8 mAh·g-1 after 

100 cycles with the capacity retention of 76.7%. However, under the same conditions, the 

LLZO-coated LiMn1.95Ni0.05O3.98F0.02 samples clearly exhibit better cycling performance. For 

example, the initial discharge capacities of LMNOF-L, LMNOF-M and LMNOF-H samples 

is 110.9, 116.1 and 108.0 mAh·g
-1

, and still remain capacities of 94.9, 102.2 and 90.4 mAh·g
-1

 

after 100 cycles, with capacity retentions of 85.6%, 88.0% and 83.7%, respectively. These 

results clearly show that the LLZO coating can effectively provide protection for the spinel 

LiMn1.95Ni0.05O3.98F0.02 material and enhance the electrochemical performance of the material. 

By comparing LMONF-L with LMNOF-M, we believed that the purer tetragonal phase and 

higher crystallinity of the coating materials imply better electrochemical performance 

resulting from more unhindered and stable lithium-ion transport channel. That is to say, the 

chemical composition and crystallinity of the coating materials play a major role to improve 

the electrochemical performance of cathode materials under the condition of similar coating 

morphology. 

The rate capability is a key performance for power lithium-ion batteries. Fig. 8(b) shows 

the comparison of rate capabilities between LNMOF, LNMOF-L, LNMOF-M and LNMOF-H 

at various rates. As the charge-discharge rate increasing, the capacity of all samples decreases 

to different degree. However, the LLZO coated spinel samples (LNMOF-L, LNMOF-M and 

LNMOF-H) exhibit improved rate capabilities compared to the uncoated LNMOF sample. 

Among the LLZO-coated cathode materials, LMNOF-M sample presents higher rate 

capability than LMNOF-L and LMNOF-H, as seen in Table 1.It indicates the morphology of 

the coating layer has an important influence on the electrochemical performance of spinel 
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cathode materials. For LMNOF-M samples, LLZO coating was heat treated at 600 ºC 

( moderate temperature), the forming coating layer was a continuous and uniform film, and 

it’s phase purity and crystallinity is higher than that of the sample heat-treated at 400 ºC 

(LMNOF-L). The uniform LLZO coating film cannot only provide protection for spinel 

grains, but also can enhance the lithium ion transport due to LLZO being a good solid 

electrolyte with high ion conductivity.  At low heat treated temperature, the coating layer was 

loose and its phase was impure, it blocks the lithium ion transport. At too elevated 

temperature, the coating layer ruptured and shrinked into discontinuous nano-particles, its 

protective role for spinel grains was weakened. So the heat treatment temperature is critical 

for the coating microstructure and its role.  

3.4 CV studies 

In order to understand the structural stability of LLZO-coated cathode materials during 

the electrochemical process, the cyclic voltammetry measurements were carried out at 25 ºC 

(a scan rate of 100 µV·s
-1

) , the cells are cycled in the range of 3.0-4.3 V vs. Li/Li
+
. As shown 

in Fig.9, the two pairs of redox peaks are present to all the samples, this indicates that Li-ions 

are extracted from or inserted into the spinel phase by a two-step process, and LLZO-coating 

does not affect greatly the redox potentials of pristine spinel LMNOF cathode. Among the 

four samples before cycling, LNMOF-M (seen in Fig.9c) exhibits larger peak current and 

smaller separation of peak potentials than others, the peak currents do not decrease too much 

even after 100 cycles (at 1C rate and 55 oC), this illustrates the structural stability and 

reversibility of LNMOF-M sample coated at 600
o
C are better than that of other samples.  
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3.5 Electrochemical impedance spectroscopy (EIS) studies 

In order to study the effect of LLZO coating on lithium ion diffusion and the internal 

resistance of the battery, the electrochemical impedance spectroscopy was performed. Fig. 

10(a) and 10(b) displays the Nyquist plots of the spinel electrode after 5 and 100 cycles of 

discharge. All EIS after 5 cycles contain one semicircle in the high- and medium-frequency 

regions and an inclined line in the low frequency zone. The semicircle is usually assigned to 

the combination of solid-electrolyte interface (SEI) film resistance and charge transfer 

impedance at the electrode surface, while the line is designated to a Warburg-type element 

reflecting the solid state diffusion of Li
+
 into the bulk of the active materials

40
. When the 

electrode was operated after 100 cycles, the curves show two partially overlapped and 

depressed semicircles in the high- and medium-frequency ranges and a slope line at low 

frequency; this may be related to the formation of SEI film on the surface of the electrode 

after many cycles.  

The EIS was simulated by Z-view software using the equivalent circuit shown in the 

inset. Rb is the bulk resistance of the cell, Rs is the surface film resistance, Rct is the charge-

transfer resistance, Cs is the surface film capacitance, Cd is the double layer capacitance, and 

Zw is the Warburg impedance. The values of Rs and Rct are summarized in Table 1. The Rct of 

the LNMOF sample is found to be much higher than that of the LLZO-coated samples, 

indicating that the latter has a much better conductivity than the former. The minimum Rct 

value of LNMOF-M means a lower electrochemical polarization and better higher rate 

cycling performance. 
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The diffusion coefficient (DLi) of lithium ion can be calculated from the plots in the low-

frequency region. The equation for the calculation of DLi values by EIS can be expressed as41, 

42
: 

(1) 

(2) 

where the meanings of T is the absolute temperature, R the gas constant, n the number of 

electrons per molecule during oxidization, A the surface area, F the Faraday’s constant, CLi 

the concentration of lithium ion, ω the angular frequency, and σ is the Warburg factor which 

has relationship with Zre. The Zre-ω
-0.5

 plots are presented in Fig. 10(c) and 10(d). A linear 

characteristic could be seen for both curves. According to Eqs. (1) and (2), the lithium 

diffusion coefficients of all samples are calculated and shown in Fig. 11. The lithium ion 

diffusion coefficient of LNMOF-M is higher than other samples whether after 5 or 100 

cycles, which is calculated as 1.043×10-11 cm2·s-1 and 1.296×10-12 cm2·s-1, respectively. This 

indicates that LLZO-coaing film with continuous and uniform microstructure can enhance 

ionic conductivity, and is favorable for migrating lithium ion and maintaining stable crystal 

structure. 

4. Conclusions 

Spinel LiMn1.95Ni0.05O3.98F0.02 cathode materials coated with LLZO were prepared by 

sol-gel route, with subsequent annealing at various temperatures. Structure and morphology 

analysis reveals that the morphology and crystalline of coating formed at different heat 
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treatment temperature have very obvious differences. The coated spinel exhibits significantly 

improved capacity retention, especially at 55 ºC. The improved cycling performance is 

ascribed to the uniform coating and higher degree of crystalline. The uniform LLZO coating 

film could effectively suppress the HF damage by scavenging of HF in electrolyte and 

blocking the direct contact between the electrolyte and spinel particles. Additionally, the 

higher degree of crystalline means more unimpeded and stable lithium-ion transport channel, 

which is beneficial for improving the electrochemical performance during cycling. 
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Figure captions 

Fig.1 XRD patterns of (a) the pristine LiMn1.95Ni0.05O3.98F0.02 and the 2.0 wt.% LLZO-coated 

LiMn1.95Ni0.05O3.98F0.02 powders heat-treated at (b) 400 ºC, (c) 600 ºC, (d) 800 ºC  

Fig.2 XRD patterns of LLZO gel precursor without spinel powder heat-treated at (a) 400 ºC, (b) 

600 ºC, (c) 800 ºC 

Fig.3 The SEM images of (a) the pristine LiMn1.95Ni0.05O3.98F0.02 and the 2.0 wt.% LLZO-coated 

LiMn1.95Ni0.05O3.98F0.02 powders prepared at (b) 400 ºC, (c) 600 ºC, (d) 800 ºC 

Fig.4Schematic illustration for the formation process of LLZO coating layerat different heat 

treatment temperatures. 

Fig.5 The EDS patterns of the (a) pristine (LMNOF) and (b) 2.0 wt.% LLZO-coated 

LiMn1.95Ni0.05O3.98F0.02 powder heat-treated at 600 ºC (LMNOF-M) 

Fig.6 The TEM images of 2.0 wt.% LLZO-coated LiMn1.95Ni0.05O3.98F0.02 powders prepared at 

600 ºC (a,c) and 800 ºC (b,d) . 

Fig.7 Galvanostatic charge/discharge curves(1st, 20th, 40th, 60th, 80th and 100th) of the pristine 

and LLZO-coated LiMn1.95Ni0.05O3.98F0.02 at 0.5 C and 55 ºC.  

Fig.8 (a) Cycling performance and (b) Rate capability of the pristine and LLZO-coated 
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LiMn1.95Ni0.05O3.98F0.02 at 55 ºC 

Fig.9 The cyclic voltammograms of (a) LMNOF and (b) LMNOF-L, (c) LMNOF-M, (d) 

LMNOF-H before cycling and after 100 cycles (1 C, 55 ºC) at 25 ºC and a scan rate of 100 µV·s-1
 

Fig. 10 The EIS spectra of the pristine and LLZO-coated LiMn1.95Ni0.05O3.98F0.02 samples at 25 ºC: 

(a) after 5 cycles (b) after 100 cycles at 1C and 55 ºC.Zre vs. ω
-0.5

 plots in the low-frequency region 

obtained from EIS measurements: (c) after 5 cycles (d) after 100 cycles 

Fig. 11 The diffusion coefficient (DLi) of lithium ion of the pristine and LLZO-coated 

LiMn1.95Ni0.05O3.98F0.02 samples 

Table captions 

Table 1 Values of Rs, Rct of the pristine and LLZO-coated LiMn1.95Ni0.05O3.98F0.02 after 5 cycles 

and after 100 cycles and capacity loss of samples after 100 cycles at 1 C and 55 ºC. 
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Graphical Abstract 

 

� LLZO coated LiMn1.95Ni0.05O3.98F0.02 with controllable microstructure and crystallinity 

was prepared and studied.  
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Table 1 Values of Rs, Rct of the pristine and LLZO-coated LiMn1.95Ni0.05O3.98F0.02 after 5 

cycles and after 100 cycles and capacity loss of samples after 100 cycles at 1 C and 55 ºC. 

Sample 

Rs(Ω) Rct(Ω) 

Capacity loss 
after 5 cycles after 100 

cycles 

after 5 cycles after 100 

cycles 

LMNOF 2.2 33.9 19.9 46.5 23.3% 

LMNOF-L 1.7 22.3 8.6 25.8 14.4% 

LMNOF-M 1.0 18.5 8.8 19.9 12.0% 

LMNOF-H 3.0 25.6 18.2 38.5 16.3% 
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