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N1C0204/ C Nanocompos1te as a nghly Rever51ble Anode
- Material for Lithium-Ion Batterles :
"'i‘l‘Yanna NuLl,a’b>z Peng Zhang, Zaipmg Guo, !

/ Department of Chemical Engmeermg, Shanghat Jiao Tong Umverstty, Shanghat 200240 Chma
mstitute for Superconducting and Electromc Materzals Umverstty of Wollongong, Wollongong, New South

Huakun Llll, and Jun Yang
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A N1C0204/C nanocompos1te has been synthesized by a hydrothermal method followed by a calcination. X-ray powder d1ffract1on; S
-.and’ transmission electron’ microscopy’ measurements demonstrated the composite was composed of crystallme N1C0204 andf, :
-7 ‘amorphous - -carbon, and :NiCo,0, and carbon: particles’ amalgamated together ‘with good afﬁmty The- electrochemical results - .
- 'showed a$ high'as 914.5 mAh/g reversible capacity: could be achieved at 40 wAlg current density in the potemial range of -
0.01—3.0 V. The initial coulombic efficiency of the composite was 79. 2%, and the capacrty ‘Tetention was 78 3% up to 50 cycles
" 'The superior electrochemical performance indicated that the N1CoZO4/C nanocompos1te mlght be a pronnsmg altematrve to
‘. conventional graphite- -based anode materials for lithium-ion batteries: -’ : : :
i © 2008 The Electrochemrcal Socrety [DOI lO ll49/l 2861226] All nghts reserved

. Manuscript submitted November ;14, 2007; revised manuscript received January)9, 2008.'Available'electr/onyically March 3, 2008 o
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Dunng the past decade, research on anode materials for lithium- -~
- ion- batteries' mainly - focused on searching for carbon alternatives .

w1th larger capacities and better cycling perforrnances1 Conver-

. sion reactions have ‘opened a new line of research in the field. of

" electrode materials for Li-ion batteries. It was found that transition-

. metal ox1des (Mo, where M is Co, Ni, Cu or. Fe) can be reduced to

S their metal state and then be reox1drzed providing a large rever51b1e '

k capac1ty (700 mAh/g) good cycling performance and high recharge o
rates.” The reaction mechanism of these metal oxides by lithium

‘involved ‘the reversible reduction and oxidation of metal (M) nano-- -

sized particles dlspersed into a lithia matrix (L120) followed by the

formatlon/decomposmon of a solid . electrolyte interface (SEI). Tt

~ was found that the electrochemical properties of the electrodes were -
- related ‘to ‘factors such ‘as the large change in 'volume, the seriousf‘i
aggregation - or’ pulverlzatlon of " active pamcles during! charge—- ,
: drscharge, and poor conductivity of the transition metal oxides.” In"
previous’ work, it has: further been proposed that: mixed trans1t1on
metal oxides-such ‘as N1C0204, N1Fe204, and CoFe204, an..
" react reversibly with larger amounts of lithium and the preparatlon o
~ methods have a cruc1al effect on electrochem1cal performance in.:

- long-term cycl1ng

- Due ‘to.its relat1vely h1gh electrical conduct1v1ty and infrared.
transparency, NiCo,Oy has been developed as an alternative elec-’

- trode material for supercapac1tors10 12 and used as a heterogeneous
optical recording media."?
‘have been studied widely in alkaline medium for the oxygen evolu:
“tion . ‘reaction.”” The - preparation ;- methods - - include
= deComposition514 solution - deposrt1on 15
" - deposition, 16 single- target sputter deposrtion !

coprec1p1tat10n Teetc.

i Itis well known that hydrothermal synthe51s has been shown to:.
be advantageous over other methods in homogeneous nucleatlon and .
~In the work reported here, we describe an easy route’ -

" to isochronously synthesize NiCo,0,/C nanocomposite via a low-"
“temperature "hydrothermal method followed by. calcination, using
poly(ethylene glycol) as the carbon source. N1C0204 was combined .
and carbon -

grain growth

with nearly.8Li and exhibited a high discharge capacrty,
“was introduced to suppress the aggregation of the metal oxide and

" “chemical . activity, with \79.2% initial. coulombic. efficiency, 914.5

- mAh/g reversible capacrty, -and 78.3%" capacity retention .upon 50 R
“-cycles at 40 mA/g. As far as we know, it is the first report about the - "

k> composrte as an anode material for lithrum-lon batteries
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i agents were analyt1cally pure and used without further pur1ﬁcation

- ‘Aldrich) > was
' Ni(NO3);-6H,0 (1 M) and Co(NO3) -6H,0- (1:M) aqueous solu
" tion with‘a’1:2:Co/Ni'molar ratio was added dropwise into equ1va
‘lent ‘molar number. PEG-600 solutlon under continiious :stirring at -
. room ‘temperature  toobtain’ a: homogeneous precursor solution: A"
- stoichiometric proportion - of: the . precursor and. NaOH (4°'M).was*
" ‘added -under stirring to a.15:mL ‘Teflon-lined autoclave and filled
©: one-half by volume. The autoclave was sealed and heated at’ 160°C
*for.24 h and then cooled naturally. The resulting product was sepa- -
“rated by centnfugat1on washed with ethanol and distilled water to .
- ensure: total removal. of - the inorganic ions, and then dried ‘under .
“vacuum at 80°C for 4 h as ‘the intermediate “product.-After that, the
Tmterrnedlate product was calcmated at 300°C for2 h in argon

“was conducted on a Philips 1730 X-ray diffractometer (XRD) 1 using -

Moreover, the ¢lectrochemical properties -

“thermal .
combinatorial sputtering ...
é, and - hydroxrde'

o matenal 15 wt % carborrblack, and 15 wt % polyv1ny11dene fluo
“;at100°C for 4 h under vacuum. Electrochemical behavior of the tes

_counter - electrode, Celgard 2700, membrane separator, and .1 M-

o The diffraction peaks-at 31.27, 36.26, 44.19, 59.35, 65.23, and '
“76.70° can be .indexed ‘as the (220), (311) (400),(511), (440);'and >

b 73-1702), respectively. There was no drffractron peak corresponding

’ : e Experimental ‘
Preparanon of NzC0204/ c composzte — All the chemlcal re-

In atypical exper1mental procedure polyethylene glycol: (PEG-GOO
“dissolved - in .’ methanol- 'to’ ::2.-"M"solution

Sample charactertzanons — X ray powder drffractlon analys1s e

Cu Ka radiation ()\ =1.54056 A) with 20 ranging from 10 to 80°

to analyze the structure of the’ expected product; A JEOL 2011 200 c
+"KeV. transmission electron microscope (TEM) w1th energy-_f‘
- dispersive. spectroscopy (EDS) and EDS' X-ray mappmg was em- -

- ployed to- exam1ne the morphology and analyze the product ele-‘f
" ments.’ ;

; Electrodes were prepared by drymg the slurry of 70 wt % actrve
ride dissolved in N- methyl -2-pyrrolidinone on a copper foil (1 cmz) :

materials was exarmned via'CR2025' coin cells with 11th1um meta

LiPFg electrolyte dissolved in a mixture of ethylene carbonate andV b

--dimethyl . carbonate’ with a 1:1. weight Tatio. ‘The “cells. were: as--
:sembled in andrgon-filled glove box. (Mbraun, Unilab, Germany)

The galvanostatic charge~discharge measurements  were conducted ’
at ambient temperature on a multichannel battery cycler with a cut=; .

~off voltage of 0.01/3.0 V-vs Li/Li* under a current density of 40
- mA/g. Cyclic voltammetry (CV) measurements “of the  eléctrode

increase conductivity, The' composite displays outstanding electro- - :~ Were performed on a CHI Electrochemical Workstation' (CHI Instru- "

ments) w1th a scan rate of l mV/s between 0. 01 and 3 0 V vs L1/L1

‘ Results and Dlscussmn

The XRD pattem of the as- synthe51zed powder is shown in F1g

(622) crystal planes of the spinel structure of NiCo,04 (JCPDS No.
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. Conclus D ns.

In' summary, N1C0204/C nanocompos1te was successfully pre-

pared by a convenient hydrothermal . method followed by a simple:
calcination' process.’ "Under-40 mA/g current: dens1ty, 958.4 mAh/g :

reversible. capacity can "be obtained and the capacity retention: Was
78, 3% after 50 cycles Tt ' was noted that the initial coulombic effi-

ciency can reach’as high as 79.2%. The excellent electrochem1calv~

performance of the N1C0204/C nanocompos1te could be mamly at:

tr1buted to the hlgh d1str1but10n of N1C0204 part1c1esw1th1n the‘

nanocomposrte electrode at 40 mA/g

carbon matnx and a good mterface afﬁmty between the N1C0204 :

< and carbon partlcles which’ resulted from the i in situ preparat1on of
"1 NiC0,0, and carbon," Carbon  in- the* ‘nanocomposites provided a .

-‘good conduct1ve matrix, wh1ch not ‘only kept the 1ntegr1ty, but also:
ing the capac1ty"_

decreased the polanzat1on of the anode; thus enh:

retentlon of the lectrode
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