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Components of a Battery Cell
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Research Challenges for LiMn,O, spinel

v' Jahn-Teller distortion in the 3V region,
which is due to the generation of new
phases during cycling

v' Disproportion reaction in the 4 V.

2Mn3+* (S) —» Mn#+* (S) + Mn?+ (solution)

Q Doping
v' Structural stabilisation, enhanced
electrochemistry

O Nano-sizing
v Enhanced mass transport properties

Q Surface-coating
v' Structural stabilisation, enhanced
electrochemistry

Q Microwave irradiation
v' Control manganese valence state "

v Structural stabilization G R
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Research Challenges for LMNO spinel
v' Capacity fading at high C-rate.

Strategy 9

v' Co-doping (i.e. Co, Cr, Fe, etc.) GIR
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(i) - LMO nanorods
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Cyclic performance
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Table 1 Comparison results of discharge capacity and capacity retention with
previously reported results
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if)- High-Voltage LiNi, :Mn, :O, 5 Spinel Material Synthesizedi

by Microwave-Assisted Thermo-Polymerization

—LMNO —LMNO —LMNOmic
—LMNOmic

O Oxygen-deficient pristine (LMNQO)
and microwave-treated (LMNOmic)
cathode materials have been

——————— synthesized with modified thermo-

© 20/Ange polymerization synthesis technique.

U Lattice parameters of LMNO and
LMNOmic are 8.167 and 8.182 A,
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XPS
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Sample  concentration
Li:Mn:Ni:O

LMNO 1:1.17:0.29:2.85

LMNOmic 1:1.17:0.23:2.90
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Particle size of pristine & microwave-

treated samples
B | SU4hen4,

i TR This study confirms microwave

treatment reduces the particle size of

the powders which is in consistence

with previously reported results!-2.

* The particle size of microwave-
treated samples 1s reduced to
nanoscale (90 — 210 nm) as

compared to the micron-sized pristine
LMNO (200 nm—1.5 pm).

SEM images of (a) LMNO and (b) LMNOmic; TEM and HR-
TEM images of (c, d) LMNO and (e, f) LMNOmic.

1. ACS applied materials & interfaces., 5, 15 (2013). -
2. RSC Advances, 5, 41 (2015). GIR




Electrochemical Properties: Cyclic Voltammetry-and

1st Cycle Charge-Discharge:

@ . A\ | * The initial discharge capacities are 122
< and 133 mA h g for the LMNO and
LMNOmic, respectively. This result
s indicates that the microwave irradiation
e increased the oxygen-defect degree of

e 02
5]

=
O -0.24

e D) the LMINO sample, thus improving the
— o capacity.
Capacity (mAh g'l)
(a) cyclic voltammogramms of the LMNO and LMNOmic; (b) The
first cycle voltage profiles of pristine LMNO and microwave-treated .

LMNO, between 3.5 and 4.9 V at 0.1 C rate. G R



Galvanostatic Charge-Discharge:

T .LMN: :: z Sampl 1%t 100th  Current Capacity Referen
z : | % e cycle cycle rate retention ces
! . g capacit capacity (C=14.7 (%)
T y mA/g)
°9 20 40 60 80 100" LMNO 121.2 118.24 0.1 97 This
Cycle nu-mber (25th) work
T Se— LMNO 133.3 126.3 0.1 95 This
-%“ wl S o o mic (17th) work
- LMNO 1214 841 0.1 69.3  Ref 26
g 40 - ®) LMNO 133 129 1.0 97 Ref. 27
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Cycle number
» Different C-rates, at 0.1 C the LMNO and LMNOmic materials delivered initial capacity of 123 and
134 mAh g-1, respectively.
At 2C, LMNO and LMNOmic materials delivered initial capacity of 25 and 52 mA h g™*.
e The LMNOmic showed superior capacity compared to the LMNO at all C-rates. Our resultis a

comparable to reported LMNO samples.26,27 G R



(iii)-XRD of LMO, LMNO, and LMO/LMNO

Materials Lattice Crystalline
Name parameter (A) | size (nm)

J‘ L LMO 8.234 70.9
- ———————————  LMNO 8.174 84.4
LMO/LMNO 8.233 71.0

Intensity (a.u.)

Intensity (a.u.)

Fig. (a) XRD pattern, and (b) peak shift at (440) plane for LMO, LMNO, a

and LMO/LMNO. GI R



SEM, TEM and HR-TEM images




Mapping and EDS
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Electrochemical performance
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Fig. (a) 1st cycle of voltage vs. capacity, (b) cycling performance graphs for LMO,
LMNO, and LMO/LMNO.
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Rate capability
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Fig. Shows rate performance of LMO, LMNO, LMO/LMNO
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CONCLUSIONS

d LMO-2 nanorods successfully synthesized

d LMO-2 nanorods have retained about 95% of 105 mA h g*!
whereas LMO-1 nanoparticles retained 88% of 97 mA h g1.

4 High-voltage, oxygen-deficient LiMn, (Ni, sO, ;s cathode materials were
synthesized with microwave-assisted thermo-polymerisation synthesis
method.

U The results confirmed that microwave radiation is inherently able to
nanostructure the spinel for improved physic-chemical properties and
electrochemical performance.

U For example, microwave irradiation slightly decreased Ni-content in the
structure with enhanced capacity, without compromising on the high
voltage.

1 LMO/LMNO composite material showing a better electrochemical
performance as compared to both LMO and LMNO. 5
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