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The stability of nickel oxide (NiO) during lithium—oxygen (Li—O,) battery operation is demonstrated by
using Ni K-edge X-ray absorption near edge structure (XANES) spectroscopy with fluorescence yield (FY)
mode. We fabricate NiO plates that is dispersed in the multi-walled carbon nanotubes network (NiO/CNT) as
cathode of the Li—O; cell. After 10-times discharge-charge cycles, stable NiO is observed in the NiO/CNT
without any peak shift in XANES spectra.
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TR EHZEEM :  The nonaqueous Li-O,
battery has been received great attention by
virtue of its superior theoretical energy density.
However, the current Li—O; battery has suffered
from poor cycle-ability arising from parasitic
side reactions by decomposition of carbon
cathodes and aprotic organic electrolytes.[1] In
particular, appearance and accumulation of side
products such as lithium carbonate (Li»CO3) and
lithium carboxylates (RCO,Li, R is the alkyl or
hydrogen) is crucial drawback to prevent
long-term operation of the Li—O, battery.[2],[3]
Here we have wused NiO nanoplates
incorporation into CNT as a cathode for Li—O»
cell to sustain stable and long-term
discharge-charge cycling. By using Ni K-edge
XANES spectroscopy, we have demonstrated
stable oxidation state of NiO during 10 cycles.

B . NiO was prepared via hydrothermal
method in the presence of CNT, which formed
homogeneously dispersed NiO in the CNT
network.

1. Synthesis of NiO/CNT composite

(1) Ni(NO3)226H20 of 0.05 M and urea of 0.25 M
were dissolved in a mixture of deionized (DI)
water and ethanol (1:4 v/v) along with CNT of
~1.5 mg mL™".

(2) The mixture was transferred to a Teflon-lined
autoclave and heated at 80 °C for 14 h.

(3) After cooling down, the suspension was
filtered and washed by DI water and ethanol to
remove residual reagents.

(4) The dried powder was calcined at 400 °C
(ramping rate of 2 °C min') for 3 h under Ar
flow of 50 sccm.

2. Fabrication of Li—Oz2 cells

(1) The NiO/CNT powder was dispersed in
ethanol by tip sonication.

(2) The suspension was filtered through glass
fiber paper and detached to be free-standing after
drying.

(3) The NiO/CNT cathode was assembled into a
Li—O2 cell along with lithium metal anode, 0.5 M
LiN(SO2CF3)2 in tetraglyme, and two separator
sheets of Celgard and glass fiber.

3. Sample preparation and measurement of
XANES for cycled NiO/CNT cathodes

(1)  Galvanostatic  discharge-charge = was
conducted repetitively in the Li—O2 cell at
0.1 mA cm2.

(2) After 1st, 5th, and 10th discharge (nDC, n is
the cycling number) and charge (nRC) process,
the cell were disassembled, washed with
acetonitrile, and dried at 60°C wunder
vacuum—total six cycled cathodes.

(3) The XANES spectra were acquired at the
beamline of BL-3 in the Synchrotron Radiation
(SR) center of Ritsumeikan University. The
cathode samples were prepared by attachment to
glass slides and enclosed by Al-laminated packs
in the glove box. The XANES spectral
measurements were conducted with a Si (220)
double crystal monochromator and a step scan of
0.35 eV. The FY mode was applied for the cycled
cathodes while the transmission mode was used
for air-exposed reference samples of Ni foil,
Ni(OH)2 and NiO powder which we prepared.

AR, BEW, #FE . The nanometer-scaled
rock salt crystalline NiO plates were
homogenously mixed with entangled CNTs as
shown in microscopic images (Figure la—b)
and corresponding selected area electron
diffraction (SAED) (yellow arrows in Figure
Ic). The NiO/CNT cathodes contain 40 wt%
NiO measured by thermal gravimetric analysis.




Figure 1. (a) SEM image and (b) TEM image of
NiO/CNT. (c) SAED (Selected area electron
diffraction) of NiO/CNT cathode film. The red
arrow and yellow arrows indicate CNT and NiO,
respectively.

The Li—O, cells with NiO/CNT cathodes
showed high capacity retention and
cycle-ability (data are not shown here). This is
probably owing to the NiO role to promote
elimination of side products such as lithium
carbonate/carboxylates during recharge.

During 10-times discharge-recharge cycles
in the Li—O, cells, the NiO plates in the
NiO/CNT cathodes were chemically and
structurally stable. The oxidation state of NiO
after discharge or charge cycles was
investigated using Ni K-edge XANES
spectroscopy with the bulk sensitive FY mode.
Figure 2 shows reference material spectra of Ni
(blue, Ni%, NiO (red, Ni*) and Ni(OH),
(orange, Ni*"), as-prepared NiO/CNT cathode

(green) and the cycled NiO/CNT cathodes after
Ist-cycled discharge (1DC), Ist-cycled
recharge (1RC), 5DC, 5RC, 10DC and 10RC
(black, from bottom to top). The XANES
spectra of the cycled NiO/CNT cathodes show
an intense white line at ~8346 eV with a
half-height energy of ~8340 eV, which are
identical to the as-prepared NiO/CNT and NiO
reference.

1DC
as-prepare

Absorbance

Ni<—

8300 8320 8340 8360 8380 8400

Photon energy / eV
Figure 2. Ni K-edge XANES spectra for
as-prepared, 1DC/RC, 5DC/RC and 10DC/RC
NiO/CNT cathodes (from bottom to top, black) with
the FY mode, and Ni metal (Ni%), NiO (Ni**) and
Ni(OH), (Ni?") reference powders obtained with the
transmission mode.

In conclusion, the NiO plates used for the
cathodes in the Li-O: cells were stably
preserved without chemical and structural
change. We expect that stable NiO can retain
the Li—O, cell performance with improved
cycle-ability.
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