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Synthesis and Electrochemical Properties of HT-LiCoo.sNio~O~ Prepared by 
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Abstlact-LiCo08Ni0202 powders were prepared by molten salt synthesis method using a 0.59LiNO3-0.41LiOH melt. 
The physico-chemical properties of the LiCo03Ni0202 powders were investigated by powder X-ray diffraction method, 
field emission scanning ele~-on microscopy, cychc voltamnetry, and cha~ge-discharge cycling Umfonn size nanocrys- 
talline powder @40 nm) could be obtained at temperature ranges of 280-480 ~ These nanocrystalline powders showed 
poor electrochemical properties because of presence of the low tempera~re phase. Pure single-phase HT-LiCoo~Nio~O2 
powder could be obtained at 580 ~ Charge-dischalge measurements indicated that this exhibited a good capacity and 
cyclability without further heat Ixeam~ent at higher temperatures. 
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INTRODUCTION 

In an effort to improve energy density of Li-ion cells, Lil',IiO 2 
has been studied extensively as a cathode material by many mves- 
tigatoi~ because its specific capacity is higr than that of LiCoQ, 
which is presently used in most commercially available Li-ion celIs 
[Ohm~ku et al., 1997; Li et al., 1997]. However, LiNiQ shows a 
disadvantage such as cycling-induced microcracks due to the s~uc- 
tural transformations of the hexagonal phases above 4.2 V; this causes 
a rapid capacity fading on cycling. When x ks smaller than 0.3 in 
Li~NiQ, the lattice l:arameter c rapidly decreases fi-om 14.4_~ to 
13.5 A, while the lattice parameter a remains almost constant. This 
con-esponcls to 9% change in the c dsection that causes a fiacture 
in the Lil',TiQ particles ~Vang et al., 1999]. Another problem is that 
the LiNiQ phase shows a lower onset tempemtL~-e of the exother- 
mic peak at around 30-40 ~ At or above a critical temperature, 
Lil',TiQ is significantly vast,able compared to LiCoQ, and liberates 
oxygen gas as a result of decomposition. The oxygen gas evolved 
atthe charged state significantly affects the safety of the Li-ion cell. 
Also it is difficult to synthesize in consistent quality. Because of 
these difficulties, a Li-ion ceil fabricated with LiNiQ as the cathode 
material is not yet commercially available. 

Recently, lithium cobalt nickel oxides LiCo~_,Ni~Q have been 
ide~tied as one of the most attractive materials to solve these prob- 
lems by stabilizing the slructure of LiNiQ. Extensive studies have 
shown that LiCo~_~Ni~O2 with 0<x<l performs better on electro- 
chemical cycling than the end members of the system LiCoQ (x=0) 
and LiNiQ (x=l). The synthesis of LiCo~_~Ni~Q is carried out by 
the solid-state reaction method im~olving mect~lical mixing of Iith- 
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ium, cobalt, and nickel salts followed by firing for over 24 h above 
800 ~ with intem~ittent g-indings. This process inevitably leads to 
the abnormal gram growth and poor control of stoichiometry of the 
product. Wang et al. [1998] reported that the LiNiQ compound de- 
composed to Li:_~Ni:+~O2, Li20, and 02 at atx~ve 860 ~ The decom- 
position product Li~_~Ni~+~O2 has a disordered cation distribution 
with nickel ions partially occupying the lithivrn sites in the layered 
s~uc~-e. These nickel ions impede the diffusion of Iithl~n ions. 
Thus, the electrochemical properties of such disordered LiNiO2 are 
very poor. @umunow et al. [ 1993 ]aIso reported that LT -L iCo~ _,Ni~O2 
could be syr~esized in air at 400 ~ for five days with poor elec- 
Ixochemical properties. In this regard, it is worthwhile to synthesize 
HT-LiCo~_~Ni~Q having good ele~-ocheanical properties at lower 
temperatures. 

The Molten salt synthesis (MSS) method has been reported to 
be one of the most effective and simplest methods in the prepara- 
tion of multi-component oxides with desirable characteristics such 
as good chemical hon~ogeneity, very free size, and nan-ow size di- 
stribvaion. Since the formatious of desired compovinds in molten 
salt are much faster than those in solid state reaction, the various 
powdei's, e.g., lead magnesium niobate, cefia, and lithium mangan- 
ate could be prel:ared at significantly lower temperatures ['Kim et 
al., 2001]. Nonetheless, the MSS method has seldom been applied 
to the synthesis of lithium ~xansition metal oxide including LiCc~) 2 
and LiCo~_~Ni~Q. In the previous studies, we demonstrated the pos- 
sibility of the low temperat~-e synthesis of HT-LiCoQ powdei's 
by MSS method using 0.6LiC1-0.4Li2CQ and 0.58LiOH-0A2LiC1 
melts [Han et al., 2001]. These led us to conclude that HT-LiCoQ 
could be prepared at much Iowea- temperatv~-es if a suitable molten 
salt with low melting point is providedi 

This paper reports on the synfilesis, characterization, and the elec- 
Ixochemical performance of LiCq_~Ni~Q powders prepared in the 
evitectic mixktre of 0.59LiNO3-0.41LiOH (183 ~ As far as we 
lalow, t t~ mixture has the lowest melting point among various lith- 
ium salts: for example, 0.87LiNQ-0.13LiCI (244 ~ Ll~qO 3 (253 
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~ and LiOH (477 ~ We show that the polycrystalIme HT-Li- 
Co0 aNi0 aOa powders prepared at 580 ~ have good electrochemical 
performances without a ft~ther heat ~reatment at higher temperatures. 

EX PERI~IENTAL 

The molten salt reaction was carried out in aluminar crucibles. 
First. mixed Ni-Co hydroxides were obtained by adding aqueous 
solution of Cc{NQ)2 and Ni(NQ)2 in tile desired molar ratios to a 
stirred aqueous sokaon of LiOH. The frill description is reported 
elsewhere [Jang et at, 1999]. Appropriate amounts of L1~O3 and 
LiOH-H20 were f ~ t  mixed with a mortar and pestle and heated at 
temperatLtres fi-om 280 to 580 ~ in air to a m/xtLtre melt The heat- 
ing rate was fixed to 200 ~ for all tile tempera~-e settings Then 
the Ni-Co hydroxide was poured into the melts. The hydroxide to 
flux weight ratio was set to 1 : 10. After the heating, the obtained 
powdeis were cooled to ambient temperature and residual fluxes 
were removed fi-om the products by washing with distilled water. 
Finally, the products were oven-dried at 120 ~ 

The thermal behavior was studied by thermogravimetry and dif- 
ferential thermal analysis m air at a heating rate of 5 ~ using 
simultaneous TGA/DTA equipment (Dupont SDT 2960). To inves- 
tigate the struc~tre of the sample, the obtained powders were ana- 
lyzed by powder X-ray diffraction (XRD) method using IvIAC sci- 
ence IvLNT3A-HF diffi-actometer employing Cu-Kcz radiafioi1 Tile 
scan data were collected in the 15-100 ~ 20 range at room tempera- 
ture. The step size was 0 0260 with tile counting time of 3 sec Tile 
crystal s~ruc~-e was refined by the Rietveld method using the Full- 
prof program [CarvajaI, 1997]. The peak shape was described by 
pseudo-voi~ function. Tile background level was defined by a poly- 
nomial function For each diffraction pattern, the scale factor, the 
counter zero point, the peak asymmetry, and ~t-cel l  dimension 
were refined in addition to tile atomic pa-m-neter Morphology and 
micros~a-uctLtre of the samples were examined by field emission scan- 
ifing electron microscopy (FE-SEM, Hitachi S-4300). The samples 
were sputtered by ion sputter (Hitachi E-1030) of which the accel- 
erating voltage and emission current were 20 kV and 8,000 hA, re- 
spectively 

Tile electrochemical cbaractea-istics were studied by using a two- 
ele~-ode cell. Tile WOlkflg ele~-ode--comisfing of 16 mg of LiCo0~- 
NioaQ (80 wt% by mass), 3 mg of acetylene black (15 wt%) and 
1 mg of PTFE (5 wt%)--was pressed and then vacv~_~ dried at 120 
~ for 24 h. Tile lithium metal and polypropylene film were used 
as counte, electrode and separator; respectively The electrolyte used 
was a 1 M LiPF~ in 1 : 1 ethylene carbonate/dimethyl carbonate so- 
Iution The chmge-ds test was conducted by using a con- 
stant ctm:ent of 70 mA/g at the voltage ranges of 4.3-2.8 V with the 
Arbin charge/ds cycler (BT 2042) Tile cyclic voltaamletry 
(CV) was peffon-ned at a scan rate of v=100 btV/s with a Zatmer 
AC impedance analyzer (IM6). 

RESULTS AND DISCUSSION 

A reaction process was deteamined by the TGA/DTA of the start- 
ing mixture, composed of Co08Ni02(OH)2 and 10x(O.59LiN�9 
LiOH), as shown in Fig. 1. The DTA/TGA analysis indicated tt~-ee 
endotheamic peaks con-esponcgmg to the dehydration of some water 
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Fig. 1. TGA (a) anti DTA (b) cm'ves of stm~ing mixture composed 
of Co0sNio:(OH)2 and 10x(0.59LiNO~-0.41LiOH) with a 
heating rate of 5 ~ in ah: 

at 55 ~ the melting point of 0 59LiNQ-0.41LiOH at 190 ~ and 
evapomtk~n of Iithium salt at 650 ~ respectively Abrupt weight 
loss due to the evaporation of lithium salts began at 580 ~ 

Tile vm-ious CO-l~-ecipitated hy&oxide compounds, CoI_~Ni~(OH)2 
(0~x_<0.5) were reacted in the 0 59LiNO3-0 41LiOH system at 280 
~ for 48 h. The powder XRD patterns of the samples are presented 
inFig 2 Almve x=03, the unwantedNiO phase was observed be- 
sides LiCol_)',Ti~�9 The Ni�9 is one of the most stable phases in the 
nickel oxide COlnpotlQds, and reaction with Iithiuan salt to lithium 
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Fig. 2. XRD patterns of the LiCoi_~Ni~O= powdel~ prepared at 
280 ~ for 48 h with various levels of nickel substitution. 
(a) x=0, (b) x=0.1, (c) x=0.2, (d) x=0.3, (e)x=0.4, and (f) 
x=0.5. �9 : NiO 
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Fig. 3. XRD patterns of tim LiCO0~Ni~O~ powde~ prepared at 
(a) 280 ~ (b) 380 ~ (c) 480 ~ and (d) 580 ~ for 48 h. 

nickel oxide compound is very slow. Therefore, the LiCo08Ni02Q 
is the compound with maxilnum nickel composition that could be 
obtained by MSS method using 0.59LiNO3-0.41 LiOH. 

The Rietveld analysis of the XRD pattem of LiCooaNio2Q pre- 
pared at 280 ~ showed that it consisted of the mixed phase of HT- 
LiCo0aNi02Q and LT-LiCoo 8Ni02Q. To obtain a pure HT-LiCo08- 
Ni0202, the reaction tempera~.~re was elevated. Fig. 3 shows the XRD 
patterns of the LiCo08Ni02Q powdei~ ~-el:~-ed at different temper- 
atures for 48 h. The weight percentages of each phase and the unit 
ceil l:arameters are given in Table 1. Ov~nmow et aI. [1993] reported 
that LT-LiCo09N�89 ~Q can be indexed either to a ~aigonal ~ i t  cell 
(R-3m) with a=2.833, and c=13.881 _&, or to a face-centered cubic 
unit ceil (Fd3m) with a=8.013 ~. We conducted the refinement of 
LT-LiCo0aN%20~ using a face-centered cubic unit ceil (Fd3m). The 
unit cell parameter (8.013 _&) of the sample prel:ared at 380 ~ is m 
good agaeeanent with that obtained by Ou~ranow et al. With increas- 
ing reaction tempemt~tre, the LT-LiCo0sNi0aQ disappeared while 
HT-LiCo0 g",T�89 aO2 increased and at 580 ~ single phase HT-LiCo0a- 
Ni0aOa could be obtained. The measured, calculated, and difference 
XRD profiles for the sample prepared at 580 ~ are shown in Fig. 4. 
The good agreement between the measured pattern and the fitted 
pattem for HT-LiCo0aNi02Q is indicative of a reliable refinement. 
The refined ceil parameters of a and c are 2.824 and 14.078 _&, re- 
spectively 

Scanning eleclron microphotographs of the LiCo0sNi~aQ pow- 
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Fig. 4. Obselwed, calculated, anti difference powder XRD profile 
for the LiCO0sNi0202 powder prepared at 580 ~ 

dei~ obtained at different synthesis tempeiamres are given in Fig. 5. 
Up to 480 ~ the powder morphologies of LiCo08Ni02Q are com- 
posed of hexagonal individual parlacles of about 40nm with uni- 
fom~ size, in-espective of synthesis tempera~es. The particle size 
of the sample prepared at 580 ~ is about three ~arnes larger than 
that of the samples prepared at lower tempem~.~res. According to 
the DTA/TGA result, lithium salts began to evaporate at 580~ 
Thus it seems that the evaporation of lithium salt affects the par- 
ticle size, and unifomfly sized nanocrystallme powdei= could be 
obtained below 500 ~ Charge-discharge cvrves at a constant cur- 
rent density of 1.5 mA/cm 2 for LiCo08Ni02Q powders prepared at 
various temperatures are presented in Fig. 6. Ceils composed of the 
powders prepared at below 480 ~ show two charge-discharge pla- 
teaus at around 3.9 and 3.6 V due to the mixed phase of HT-LiCo08- 
N~202 and LT-LiCo08N% 202 respectively, as confirmed by the XP, D 
result A cell composed of the powder prepared at 580 ~ shows 
only one plateau at 3.9 V The lithium intercalation-deintercalation 
properties of the LiCo0aN%202 powders were also sh.idied by cyclic 
voltammetry. The cyclic voltammograms of the LiCo08N�89 pow- 
dei~ prelmred at 280 ~ and 580 ~ are given in Fig. 7(a) and Co), 
respectively. For the sample pretmred at 280 ~ one could observe 

Table 1. Phase composition anti unit cell parameters with various synthetic temperatures 

Synthetic 
temperature 

(~ 

Percentage of phase (wt%) 

HT-LiCoosNio202 LT-LiCoosNio202 

Unit ceil parameter 

LT-LiCo08Nio 202 HT-LiCooaNio202 

a (A) a (A) c (A) 

280 
380 
480 
580 

89 
91 
95 

100 

11 
9 
5 

8.009(4) 
8.013(5) 
8.139(6) 

2.823(4) 14.069(4) 
2.832(2) 14.081 (9) 
2.825(5) 14.099(4) 
2.824(2) 14.078(5) 
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Fig~ 5. SEM of the powders prepared at (a) 280 oC, (b) 380 oC, ( 0  480 oC, mad (d) 580 ~ 
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Fig. 6. Volta~ profiles of first charge-discharge cyde of the LiCO~- 
Ni,202 powders prepared at (a) 280 ~ (b) 380~ (c) 480 
~ mad (d) 580 ~ 

two peaks at 4.05 md 3.75 V in the anodic scan. These peaks shifted 
to 3.95 and 3.65 V at the second cycle. These oxidation peaks cor- 
respond to the extractions ofLi + iotas fi~om the LiCo0~Nio202 host 
During the cathodic scan, the main reduction peak was found at 
3.8 V, mad minor peak at 3.5 V. According to Garcia et al. [1997], 
LT-LiCoO2 obt~aed at 400 ~ is chm~cterized by broad anodic mad 
c~aodic peaks at 3.75 and 3.45 V respectively mad HT-LiCoO2 ob- 
tained at 800 ~ is da~actetized by anodic mad cahodic peaks at 
3.97 mad 3.93, respectively. Thus the two anodic mad cathodic peaks 
at near 3.9 mad 3.5 V ate considet'ed to come fiDm HT-LiCoo~- 
Ni~202, mad LT-LiCoo~Nio.202 respectively. These results indicate 
that LiCo0~,Tio202 shows similar eledrochetnical propetties with 
LiCoO~ Fot" the smnple prel~-ed at 580~ well-defined anodic 
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Fig. 7. Cyclic voltanunogram ~ the LiCO0,N-~O2 powders pre- 
pared ~t (a) 280 ~ and (b) 580 ~ at a scm r~te of 100 pV/s. 

and cathodic peaks are observed at 4.0 and 3.8V, respectively, in 
agreement with previous reports on HT-LiCoO2. 

The evolution of the qoeciiic capacity of  the LiCoozNio202 pow- 
der's prepa'ed at various temperatures as a function of cycle nmn- 
bet" is illus~ated in Fig. 8. For cotnparison, the specific capacity of 
the LiCoO2 powder prepared at 900 ~ in 0.6LiC1-0.4Li2CO3 melt 
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Fig. 8. Evolution of discharge capacities with number of cycles of 
LiCO0sNi0:O2 powders prepared at various temperatm'es, 
and LiCoO 2 powder prepared at 900 ~ 
- v -  580 ~ -,<~- 480 ~ -C,- 380 ~ -,<>- 280 ~ -{Z- 
LiCo02 900 ~ 

was included The fu~t discharge capacity increases fi-om 56 to 146 
mAh/g, as the reaction temperature increases from 280 to 580 ~ 
It is worthy to note that HT-LiCooaNio2Q with good cyclability 
can be prepmed at 580 ~ For the powdei~ prepared at below 480 
~ the discharge capacities rapidly fade out due to the presence of 
the LT-LiCo0aNi02Q. Actually, one of the most significant prob- 
lems in the powders prel:ared at low temperatures is that the pow- 
ders should be annealed at higher temperatures to impart an en- 
hanced electrochemical l~-operty. However; the LiCo0aNio~Q pow- 
der prepared at 580 ~ in 0.59LiNQ-0.41LiOH melt shows higher 
discharge capacity (146 mAh/g at the fu-st cycle) and better cycla- 
bility (130 mAh/g at the twentieth cycle) than ti~at of the LiCoQ 
prepared at 900 ~ (140 mAh/g at the fu-st cycle and 118 mAh/g at 
the twentieth cycle). 
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C O N C L U S I O N  

The LiCo03Ni0202 is the compound with mmximum nickel com- 
position that can be obtained by MSS using 0.59LiNO3-0.41LiOH. 
A single phase, impurity flee, HT-LiCo08Ni02Q powder was pre- 
pared at 580 ~ The morphologies of the LiCo08Ni0202 powder ob- 

tamed at 580 ~ exhibited a clear hexagonal shape together with a 
considerable fineness and homogeneous size dis~ibution (about 
100 imp). The charge-discharge test of tiffs powder showed good 
eleclrochemical properties without ft~ther heat trea~nent The dis- 
chage capacity and cyclabilty of the LiCo08Ni02Q powder obtained 
at 580 ~ were better than those of the LiCoQ powder obtained at 
900 ~ 
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