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Rechargeable batteries, such as Lithium lon Batteries (LIBs,) offer viable solutions for storing
~-rical energy hamessed through solar cells and

sess. 22 (2017) 111

! Society, 161 (2014 ~onite and locally synthesized nanostructured Li(Ni, sMny3Coy 1, Na, )0,
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For the anode electrode preparation, vein graphite (99.99 % carbon) purified through acid leaching
wrnal of The Electroe

further modified by mild chemical oxidation. For the cathode, phase pure nano-structured
“10:Mny3Coya4Na, )Os was locally synthesized by employing
< clectrodes were fabricated by tape casting the developed clectrode materi

bem. Soc, 162 (2015,

der B.-E., Journal & The initial discharge capacity of the cell assembled using the developed graphite anode and

1 :Mn,3Co013)0; cathode was 98 mA h g at C/5 rate between 3.0 and 4.2 V, at room temperature. More

-restingly, the cell assembled with the Na doped Li(Ni, 3Mn,;3Coy5..Na,)Os: x=0.04 cathode with the same

e anode showed a higher discharged capacity of 135 mA h 2" under the same operational condition.

“hermore, this full cell showed a higher capacity retention over cycling. Altogether, it clearly shows the

= promising cell performance of full LIB cell comprised of electrode fabricated from developed Sri Lankan
© zraphite and locally synthesized nano-structured Li(Ni; sMn, 1Co, 1xNa,)Os.

nrific Reports 7, (200
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~nz challenge of energy needs for the present technology era. Rechargeable Lithium Ion

sensive electrode materials such as synthetic graphite as the an
wides as the cathode material. However, the high unit cost and
s are keeping the LIBs from reaching the common masses
~ = power source [1]. Modified vein graphite in Sri Lanka has
¢ alternative to the synthetic graphite [2]. However, effect of vein graphite anode on the
“mance of LIB has not yet been identified. Therefore, present stu

+hemical performance of lithium ion battery employing anode fabricated from purified vein
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- TRODES PREPARED FROM DEVELOPED SRI LANKAN VEIN GRAPHITE AND

avention of new techniques to store more energy is a crucial area of research to address the

LIB) is a very promising rechargeable energy storage device. Current LIBs are based on

unsolved materials-related
as a cheaper and reliable
been identified as a cost

dy aims to investigate the
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ABSTRACT
Jzeki, T. Nakayama, A & Rechargeable Lithium-on Batteries (LIBs) are at
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fellander B.E..Xu X_T
pen Energy 41 (2016) 260
lcom.
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~resently proceeded on the development of the electrode materials in order
“ore cost effective manner. Recently, natural graphite was identified as a potential low cost anode material

* LIBs. Sri Lanka has its own established name for the high quality vein type natural graphite containing 95-
o of initial purity. Sri Lankan vein graphite (SLVG) has been categorized into four structurally distinct
worphological varieties namely, shiny-slippery-fibrous graphite (SSF), needle-platy graphite (NPG), coarse
wated-flaky graphite (CSF) and coarse flakes of radial graphite (CFR). Anisotropy of the surface and
“purities present in trace levels cause profound alteration of chemical and electrochemical reactivity in
“atural graphite. Our recently introduced acid digestion method could result over 99.9 % of purity for all the

odification. Further, studies have

816-423.

1202 (2011) 45-53.
Solid State fonics 269 13
eering B34 (1995) 1828
gence 2(4) (2013) 1143
iz B.1., Journal of Powss

“vcloped through acid di gestion treatment.

The treated SSF type SLVG powder (<53 um) developed by acid digestion was used for this study.
- <ctrochemical half-cell studies were carried out using CR 2032 coin cells with treated SSF type SLVG as
“-tve material and 1 M LiPF, (EC: DMC: i

“<rformed in an argon filled glove box under the controlled oxygen and moisture levels. Galvanostic charge-

“scharge studies were conducted at 0.2 current rate with “Landat” battery testing instrument. Treated anode

“ows high reversible discharge capacity of 440 mA h g, which is higher than the theoretically expected

scharge capacity was recorded as 517mAhg' In
method, the SSF type SLVG anode gradually faded
i i i versible capacity. However, after the 5 cycle, the
ate intai ersible capacity of 440 mA h g up to the 50" cycle.
~urther, charge-discharge curves didn’t give evidences for any strong passivation reaction and a continuous
mation of SEI layer could be observed up to 4" cycle, However, it may be absent or declined to a very low
<<l after the 5" cycle. Hence, lithiation and delithiati i
“waction and it achieved a high reversible capacity for the first 50 ¢
- “lumbic efficiency. Altogether. this study reveals the
ppery-fibrous type Sri Lankan vein graphite anode in the
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ochimica Acta 4134 yeles while maintaining over 99% of

promising performance of our developed shiny-

hta E. and Hends Li-ion rechargeable battery.
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“TRODUCTION

jon I and Mel
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j st Arrival with the novel technological aspects, the energy demand for the portable electronic
-=s and electrical vehicle increases rapidly. In order to cater this demand, several types of

“irzeable batteries have been introduced. Due to their higher capacity, energy density and
he most prominent

nhN

cnt cycleability, Rechargeable Lithium-lon Batteries (LIBs) become t

ynthetic electrode components, which are presently
cost. Many of recent investigations have proved the
241

e o)
=
@\

'



Solar Asia 2018 Int. Conf. National Institute of Fundamental Studies, Kandy, Sri Lanka <+

IMPROVED ELECTROCHEMICAL PERFRORMANCE OF Li-SUBSTITY
NaNiy 4Mny 4Co,,0, CATHODE MATERIAL FOR SODIUM-ION BA

R.LC.N. KARUNARATHNE " HWM.A.C. WIJAYASINGHE '

'National Institute of Fundamental Studies, Hantana Road, Kandy, Sri I .ani-
Corresponding Author, e-mail: niroshan_ka@yahoo.com

ABSTRACT

Low cost rechargeable batteries. made using abundant

materials, operating in safe Volizer wondiem
are much attractive for large scale energy applications involving solar energy integration and elece raw
this regard, Sodium-Ton Battery (SIB) has become a promis; i

ing solution for future issues related o e =3
demand for energy storage devices, mainly due to the high st of

ted to search for suitable functiona! —E=mamm,
successful studies on this subject hawe S

reported in recent years, many challenges are still remained in developing reliable electrodes for SIBs

NaNij sMng 4Co,,0, adopts a layered structure, where the transition metal atoms ar s
octahedral sites between oxygen layers. In attemptin

g to improve the electrochemical performnes o
NaNiy sMng4Co20,, substitution of Li for Ni was investi

gated under the parent study. Using X-ray difm
(XRD) and scanning electron microscopy (SEM), the structure and morphology of the cathode reeoe ——
characterized. The electrochemical performance of the Lj doped cathode was investigated in terme -

discharge curves and cycleability at different C rates.

The XRD measurements demonstrated that these prepared materials have pure hexagonal P- s
layered structure with R3m Space group comparable with the parent structure, SEM images exhimoes oo
existence of globular-shaped sub-micron primary particles that agglomerated to form into micron <o siriem
bounded secondary particles consists of different micron size cavities. The charge-discharge test exi = b
the Li-doped materials has an initial specific discharge capacity of 153 mA h g'at /125 rate, which gradesiie
decreased to 125 mA h g after six cycles. However, further investig

ations have to be performed i= order m
study the cycling stability of the material for the cathode application in the sodium ion battery.

Keywords: Sodium-ion batteries (SIBs); Cathode; Transition metal oxides,

LINTRODUCTION

Na-intercalation batteries are appearing as an important alternative to Li intercalau

systems, hence extensive research efforts have been directed to develop high Capacity cathuge
materials for Sodium Ion Batteries (SIB) [1-5]. Among them, layered transition metal oxides o

become most reliable promising candidates for the positive electrodes of SIBs due to ther ey
specific capacities [1-3]. Although promising,

instability during charging/discharging process. Therefore
have been focused to enhance the electrochemi
clements to the host structure, while keeping the structural
some foreign ions can be used to improve
transformation, which leads to the enhanced
Recently, it was found that structural doping of lithium i
the structural stabilization of the cathode upon cycli

cathodes are still much inferior to that of Li-based cathode analogs, limiting their practical energ
densities [4].
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