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Abstract : The Li-rich layered metal oxides (LLO) are the most promising candidates for promising electrodes of high energy
Li-ion battery (LIB). In literature, these electrode system has either been designed as a hetero-structure of the primary
components (composite) or as a core-shell structure with improved electrochemistry reported for both configurations when
compared with its primary components. With the on-going efforts to improve on the electrochemical performance of the LIB, it
is  important  to  investigate  comparatively  the  structural  and  electrochemical  characteristics  of  the  core-shell  like  and
‘composite’  forms of  these materials  with the same compositions and synthesis  conditions which could influence future
engineering of these materials. Therefore, this study concerns the structural and electrochemical properties of the ‘composite’
and  core-shell  like  LLO  cathode  materials  with  the  same  nominal  composition  of  0.5Li₂MnO₃-0.5LiNi₀.₅Mn₀.₃Co₀.₂O₂
(LiNi₀.₅Mn₀.₃Co₀.₂O₂  as  core  and Li₂MnO₃  as  the  shell).  The  results  show that  the  core-shell  sample  (–CS)  gave  better
electrochemical performance than the ‘composite’ sample (–C). Both samples gave the same initial charge capacity of ~300
mAh/g when cycled at 10 mA/g and comparable charge capacity (246 mAh/g for the –CS sample and 240 mAh/g for the –C
sample) when cycled at 200 mA/g. However, the –CS sample gave a higher initial discharge capacity at both current densities.
The discharge capacity of the –CS sample was 232 mAh/g and 164 mAh/g while the –C sample is 208 mAh/g and 143 mAh/g at
the current densities of 10 mA/g and 200 mA/g, respectively. Electrochemical impedance spectroscopy (EIS) results show that
the –CS sample generally exhibited a smaller resistance than the –C sample both for the uncycled and after 50th cycle. Detailed
structural analysis is on-going, but preliminary results show that the –CS sample had bigger unit cell volume and a higher
degree of cation mixing. The thermal stability of the –CS sample was higher than the –C sample. XPS investigation also showed
that the pristine –C sample gave a more reactive surface (showing formation of carbonate species to a greater degree) which
could  result  in  the  greater  resistance  seen  in  the  EIS  result.  To  reinforce  the  results  obtained  for  the
0.5Li₂MnO₃-0.5LiNi₀.₅Mn₀.₃Co₀.₃O₂ composition, the same investigations were extended to another ‘composite’ and core-shell
like LLO cathode materials also with the same nominal composition of 0.5Li₂MnO₃-0.5LiNi₀.₃Mn₀.₃Co₀.₃O₂. In this case, the aim
was to determine the electrochemical performance of the material using a low Ni content (LiNi₀.₃Mn₀.₃Co₀.₃O₂) as the core to
clarify the contributions of the core-shell configuration to the electrochemical performance of these materials. Ni-rich layered
oxides show active catalytic surface leading to electrolyte oxidation resulting in poor thermal stability and cycle life. Here, the
core-shell  sample  also  gave  better  electrochemical  performance  than  the  ‘composite’  sample  with
0.5Li₂MnO₃-0.5LiNi₀.₃Mn₀.₃Co₀.₃O₂ composition. Furthermore, superior electrochemical performance was also recorded for the
core-shell like spinel modified LLO (0.5Li₂MnO₃-0.45LiNi₀.₅Mn₀.₃Co₀.₂O₂-0.05LiNi₀.₅Mn₁.₅O₄) when compared to the composite
system.  These  results  show  that  the  core-shell  configuration  can  generally  be  used  to  improve  the  structural  and
electrochemical properties of the LLO and spinel modified LLO materials.
Keywords : lithium-ion battery, lithium rich oxide cathode, core-shell structure, composite structure
Conference Title : ICERE 2019 : International Conference on Electrochemistry and Renewable Energy
Conference Location : Cape Town, South Africa
Conference Dates : November 04-05, 2019

World Academy of Science, Engineering and Technology
International Journal of Energy and Environmental Engineering

Vol:13, No:11, 2019

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
ne

rg
y 

an
d 

En
vi

ro
nm

en
ta

l E
ng

in
ee

rin
g 

Vo
l:1

3,
 N

o:
11

, 2
01

9 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/a
bs

tr
ac

ts
/1

11
60

8.
pd

f

ISNI:0000000091950263International Scholarly and Scientific Research & Innovation 13(11) 2019 1

https://publications.waset.org/abstracts/111608.pdf

