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Abstract

The electrochemical and structural characteristics of the metal oxide-coated spinel were investigated in the range of 2.5-4.2 V. Metal
oxide coating on commercial spinel powder (LiMaM,O4, M = Zr, Nikki, Japan) was carried out using the sol—-gel methoglOal(PtO,
or CuQ,)-coated spinel exhibited improved cyclability compared to bare spinel. Impedance analysis results indicated that electrochemical
resistance value was not consistent with cycle performance. The improved cycle performance of metal oxide-coated spinel may be due to
formation of a new LiMn4Og, LioMNnO3 phase, which is expected to have stability to phase transition (Jahn—Teller distortion).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction sites has been proposed as a successful way of improving
the cycling stability of LiMnO4 [8—13].
The layered oxides, LiCof) LiNiO, and spinel In previous reports, researchers such as Amatucci et al.

LiMn2Qq4, have been widely studied as 4V cathode mate- have proposed a surface treatment by using organic and
rial. Among these, spinel lithium manganese oxide presentsinorganic compounds to decrease the reactivity of the inter-
advantages in terms of low cost, easy preparation and envi-face between electrode and electoljté]. Recently, metal
ronmental friendliness. The main disadvantage of Liklp oxide-coated cathoddg$5-17] have been shown to exhibit
is the loss of capacity during charge—discharge, especiallyrelatively good capacity retention without decrease in the
at elevated temperatures. The reason for capacity fad-original capacity in severe conditions (for example, a wide
ing is attributed to several factors: Jahn—Teller distortion charge—discharge range).
[1-3], spinel dissolution[4,5], and electrolyte oxidation We report the preparation of AD3-coated or A}Os/(PtO,
[6,7]. or CuQ,)-coated spinel by using chloride compounds which
Especially in the 3V region, a large capacity loss is en- may dissolve the spinel element a little during the coat-
countered since Jahn—Teller distortion, due to the reductioning process. As for the [ extraction reaction, Feng et
of the average oxidation state of Mn from 3.5 to 3.0, changes al [18] postulated that the redox-type reaction occurs pre-
the crystal symmetry from cubic to tetragonal during Li ~ dominantly for the spinel. This mechanism is based on a
intercalation. The transformation leads to a volume change surface disproportionation reaction of the two trivalent ions
that is sufficiently large to destroy the structural integrity (Mn3t). The ions are soluble in the acid solution under
of the material. To reduce the Mh content in LiMnpOg, low pH conditions and the MK ions remain in the lattice,
the substitution of a small amount of dopant ions at the Mn forming MnG.

2Mn3t — Mn2t + Mn*t

* Corresponding author. Tek:82-2-2290-0386: fax:-82-2-2298-2850. Therefore, it is quite possible that spinel treated with
E-mail address: jwpark@hanyang.ac.kr (J.-W. Park). acidic sol solution may comprise a new surface and structure
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Fig. 1. Cycling behavior of spinel/MCMB celltrate: C/2, 2.5-4.2V).
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Fig. 2. Discharge prqfile of spinel/MCMB cell: (a) bare spinel; (b) Fig. 3. The ac impedance Nyquist plot of bare spinel/MCMB cell: (a)
Al205/Cu;-coated spinel. after 20 cycles; (b) after 30 cycles.
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Fig. 4. The ac impedance Nyquist plot of x83/CuO,-coated spinel/MCMB cell: (a) after 100 cycles; (b) after 220 cycles.
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after heat treatment. We investigated the electrochemical
characteristics and structural properties 0f@d-coated or

Al>03/(PtO, or CuQ,)-coated spinel.

2. Experimental

Two sol precursors (0.355 and 0.71 M) foro@8l3 coat-
ing with spinel powder were prepared by mixing ethyl alco-
hol and AICk-6H,0 (Junsei, Japan). Next, LiMn,M,O4
(Nikki, Japan, M= Zr) was immersed in these sol precur-

sors. To reduce dissolution of manganese attributable to the

too low pH of the sol precursor, the immersion time was kept
at a few seconds. After drying at 8C, the powderobtained

Chim, 1

Rp
Coim, 2

Rlim, 2

Rpim = Rpim, 1 + Raim, 2
Chim = Criim, 1+ Chiim, 2

CPE

229

Fig. 5. Proposed equivalent circuit for spinel/MCMB cell.
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Table 1
Charge transfer resistancg)(with cycling and depth of charging

Depth of charging )

At 60 cycles
Al03/CuQ; 1.007 1.046 1.101 1.156
Al203/PtO; 1.006 1.091 1.095 1.159
Al,03(2) 0.9182 1.222 1.317 1.335
Al203(1) 1.213 1.342 0.8942 -

At 100 cycles
Al203/CuO; - 1.124 1.015 -
Al03/PtO; - 2.505 2.741 -
Al,03(2) 1.023 1.142 1.505 -
Al03(1) 1.32 2.158 2.048 -

At 220 cycles
Al203/CuQ; 1.879 1.254 1.441 -
Al,03/PtO; 5.655 6.134 5.885 -
Al;03(2)2 3.354 3.458 4.709 3.601
Al,03(1)2 1.782 2.126 2.059 -

aAt 150 cycles.

was heated at 50 for 3 h. After being washed with water,

it was filtered and then dried at 8C. For convenience, each
Al,Os3-coated spinel was named after the concentration ratio
of the sol precursor, AD3(1), Al203(2). Al,Os/(PtO, or
CuOy)-coated powder was prepared as follows: aluminum
sol (0.355M)-coated powder was heated to 1G0under

air, then cooled at room temperature. After additional sol
(including CuC-2H,0 or H,PtCk-6H20) coating, it was
heated and filtered in the same way.

XRD measurements were done by means of a diffractome-
ter using Cu K radiation. Active materials were mixed with
acethylene black and polyvinylidene fluoride (PVdF) using
acetone. The slurry was spread on the aluminum foil current
collector, followed by pressing and drying. The electrolyte
was a mixture of ethylene carbonate (EC), dimethylecar-
bonate (DMC) and ethylmethylcarbonate (EMC) containing

Table 2
Double-layer capacitancg.f) with cycling and depth of charging

Depth of charging )

At 60 cycles
Al203/CuQ, 58.42 53.71 45.86 42.14
Al,03/PtO; 83.88 66.82 67.82 58.26
Al203(2) 71.09 28.95 25.14 24.34
Al>03(1) 33.31 26.63 65.93 -

At 100 cycles
Al03/CuQ; - 53.76 59.82 -
Al203/PtO; - 12.72 111 -
Al03(2) 63.65 38.87 23.32 -
Al203(1) 26.94 11.68 12.45 -

At 220 cycles
Al203/CuO; 17.79 32.14 27.89 -
Al03/PtO; 1.793 1.631 1.664 -
Al,03(2)2 5.8 4721 3.023 3.873
Al;03(1)3 11.55 7.93 8.116 -

aAt 150 cycles.
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1M LiPFg salt. Electrochemical behavior was determined in

a LiMno_,M,04 (M = Zr)/MCMB (as anode) cell sealed

in a metallized plastic bag. Impedance spectroscopy was
used to determine the dominant factor for electrochemical
properties on repeated cycling. Charge/discharge tests were
performed galvanostatically at @2 rate (2.5-4.2V) in a
multi-channel battery tester.

3. Results and discussion

To evaluate cycling performance of the spinel/MCMB cell
in the range from 2.5 to 4.2V, the discharge capacity as a
function of the number of cycles is shown kig. 1L The
discharge capacity of the bare spinel rapidly faded during
cycling. This may be directly related to structural breakdown
due to Jahn—Teller distortion. AlthoughA&s-coated spinel
gives stable cycle characteristics compared to bare spinel, the
capacity declines upon cycling too. Howeverp@g/(PtO,

— after cell test
- - - before cell test

Li
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Mn,O,

)
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Li,MnO,
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Fig. 6. X-ray diffraction of AbO3/CuO,-coated spinel and AD3/PtO,-
coated spinel before and after cell test: (ap@4/CuO,-coated spinel;
(b) Al,O3/PtO,-coated spinel.
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or CuQ,)-coated spinel exhibited improved cyclability. In |
general, the discharge curve of the LifMn2>0O4 cell exhibits W
two voltage plateaus. In the range® x < 1, the cell y
discharges at 4V versus Li/tj whereas in the range & .",
x < 2, the cell discharges at 3V versus LilLi ::
The discharge profile of bare spinel (for 1st and 20th) ! !
'y

— after cell test

and AbOg3/CuO;-coated spinel (for 1st, 20th and 50th) are - - - before cell test

shown inFig. 2 The plateau which suggests the existence of
two phases arising from the Jahn—Teller distortion was not — I/, =0.923
observed, but the discharge profile of bare spinel revealed
fast degradation during subsequent cycling.

In order to evaluate the electrochemical resistance of
bare spinel and AlD3/CuO,-coated spinel with cycling, . . . . . . .
ac impedance spectroscopy as a function of voltage was 42 43 44 45 46 47 48
carried out at 20 and 30 cycles (for bare spirfeh. 3 (a) 2theta(deg.)
and 100 and 220 cycles (for AD3/CuQ,-coated spinel,
Fig. 4). There are two semi-circles that indicate surface re-
sistance and charge transfer resistance, respectively. In spite

ntensity

-----------

......

of more a progressed cycle number,,@4/CuO,-coated .‘I/' l
spinel has lower charge transfer resistance than bare . |
spinel. Wop 2

By employing an equivalent circuitF{g. 5 of the 0
spinel/MCMB cell to simulate impedance data, a list of
the charge transfer resistance (Rct) and constant phase eleg 11, =0.603
ments (CPE) with cycling and depth of charging are given —
in Tables 1 and 2With an increasing number of cycles and
depth of charging, Rct and CPE of the spinel sample in-
creased and decreased, respectively, bp®AICuO,-coated

— after cell test
- - - before cell test

nsity

spinel has lower electrochemical resistance than the other . . . . . . . . .
samples, which is consistent with cycle performance. How- 4 42 43 44 45 46 47 48 49
ever, after 220 cycles, AD3/PtO,-coated spinel is highly (b) 2theta(deg.)

re5|st|ve, despite relatively small capacny fade. Thereforg, Fig. 7. X-ray diffraction of AbOs(1) and AbOs(2)-coated spinel before
it has been concluded that the main reason for C"ipacr[yamd after cell test: (a) AD3(1)-coated spinel; (b) AlO3(2)-coated spinel.

after cell test
- - - before cell test

Intensity

2theta(deg.)

Fig. 8. X-ray diffraction of bare spinel before and after cell test.
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fading may be the structural change of the spinel rather Acknowledgements

than the increase of electrochemical resistance.

In order to investigate the structural change of the spinel
after the cell test, XRD studies were carried dtigé. 6-§.
The ratio of [4 00] intensity (basis: [1 1 1] intensity 100)
before and after the cell test was markedFigs. 6—8 From
Figs. 6 and 7it is noted that a new pha$&9] (Li2Mn4O,
LioMnQO3) and the peak broadening are observed after the
cell test in the range of 2.5-4.5V. The improved cycle per-
formance of ApOs/(PtO, or CuQ,)-coated spinel may be
due to the L}Mn4Og, LioMNnO3 phase, which is expected
to have stability to phase transition (Jahn—Teller distortion)
because LiMn4Og and LbMnO3 are composed entirely of
Mn“*. I5/11 (the ratio of [4 0 0] intensity before and after the
cell test) is found to be 0.627 and 0.764, respectively. 7
presents the XRD pattern of AD3(1) and AbO3(2) sam-
ples after the cell test. The result obtained is different from
that in theFig. 6 from the point of view of peak shifting and
the lack of a new peak.

Fig. 8 shows the XRD pattern of bare spinel after the cell
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