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Abstract: Spinel LiMnyO4- , Y, (Y= F, Cl, Br) compounds were prepared by solidstate reaction and the electrochemically gal-

vanostatic charge discharge cycles were performed using as prepared compounds as cathode material. The influence of halogens on

their lattice constants and the relation of electrochemical properties and their lattice constants were investigated. It is concluded

that when the lattice constants are smaller than that of LiMn;Oy, the reversible capacity fade is suppressed and the initial capacity

sacrifice is observed. When the content of fluorine is 0. 05, the lattice constant of LiMnyO3 gsFo, s is larger than that of LiMnyO4,

the initial capacity is improved. An efficient method was found to control the lattice constants of LiMn,Oy4 through the addition of

halogen, and to improve the electrochemical performance of LiMnyOs. The LiMnyOs s Fo o5 shows excellent electrochemical

charge- discharge performance, with high initial capacity of 143 mAh/ g and nearly no capacity loss after 116 cycles.
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1 INTRODUCTION

Lithiunr maganese-oxide compounds are the most
promising candidates as cathode intercalation materials
because of their nontoxicity, abundance and low cost''™ .
They show extensive applications used as mobile power
supplication for vehicles, rechargeable batteries for
portable devices such as camcorder and laptop. But pure
LiMnyO4 has some obvious disadvantages such as struc

tural unstability and rapidly capacity fade, which can be
included into three reasons'®'?': crystal structure distor
tion induced by Mn>* from cubic to tetrahedral structure,
dissolution of manganese which causes the sacrifice of
cathode mass, and the increase of resistance in electrode
when oxidation of electrolyte takes place during the course
of charge-discharge. Many efforts have been made to im-
prove its electrochemical performance, such as cation

substitution' 7™, [ 2022]

[23

anion substitution and surface

modification' 2 2 of cathode materials and modification of

electrolyte! 7.

X-ray diffraction was used to investigate
the influence of cation on lattice constants. But basically
there was not systematical research on anion substitutions.
Furthermore, most researches were basically limited to
one sort of anion. In this work, we prepared spinel

LiMn2O4- - Y. (Y= F, Cl, Br) compounds, with the

primary goals of evaluating their electrochemical behavior.
In fact, it was expected that these additions have a key
influence on their structure properties and electrochemical
performances, which would provide a clue that anion
should be select as a dopant. Moreover, we hoped to
build up a correlation between the lattice constants and
charge- discharge properties of spinel LMnyO4- Y, (Y=
F, Cl, Br). Finally, we also aimed to find an excellent
performance cathode material compound for lithiunmrion

secondary battery.

2 EXPERIMENTAL

Spinel LiMn,O4- , Y, (Y= F, Cl, Br) compounds
were synthesized with electrolytic manganese dioxide, Li-
OH*H,0 and LiY (Y= F, CI, Br) by means of solid
state reaction. First, these mixtures were balFmilled in a
planetary micro-mill with stainless steel balls. Alcohol,
used as dispersing liquid, was added to form slurry,
which was ground for 12 h through combined shaking and
rotation actions. Then, the fully mixed precursor slurry
was dried to evaporate the alcohol under infrared lamp.
Finally, the precursor was calcined in muffle at 730 C
for 36 h and the products were obtained.

The positive electrode consisted of 80% as-prepared
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compounds and 15% acetylene black and 5% polyte-
trafluoroethylene ( PTFE) as a binder, and metal Al was
used as collector. The electrolyte solution was EC+ DEC
(L' 1)+ 1 mol/ L LiClO4. Lithium metal foil was used as
the counter electrode during electrochemical measure-
ments. All cells were assembled in an argorrfilled glove
box. The electrochemical tests were carried out in a DC-5
fully automatic program test instrument, with constant
current (0.265~0.353 mA/ cm®, 3.074.35V).

X-ray powder diffraction (XRD) was carried out on
a Rigaku D/ max-rA with Cu K, radiation and a graphite

monochromator.

3 RESULTS AND DISCUSSION

3.1 Electrochemical results

The charge-discharge properties of spinel LiMnyOy4-
Y.(Y=F, Cl, Br) compounds were investigated in order
to clarify the influence of these doped anions on their
electrochemical performances. Meanwhile, for the same
anion, we also found out the relation between the contents
of dopant and performances of these compounds. The
highest reversible capacities of LiMnyO4- , Y, compounds
are shown in Table 1. It is obvious that when fluorine was
doped, the initial capacity was improved; but for the oth-
er halogens, it was just opposed to that. According to
Kim and Manthlram'®', the anion with larger (ion) radius
contributed to high initial capacity for amorphous lithium
manganese oxyiodide. To spinel structure, it seemed not
to be efficient. For the same halogen atom, it was ob-
served that their initial capacities gradually decreased with
the increase of contents of halogens except that it was not
adaptable to LiMnyO4- , F,, whose initial capacity was
improved at the beginning, and when the content of fluo-
rine was continuously increased, they also exhibited the

same tendency as other halogens did. In order to build up

160

the correlation of the content of doped halogens with
spinel structure stability, the influences of dopants on
chargedischarge cycle life of spinel LiMnyO4- , Y, (Y=
F, Cl, Br) were also investigated. These relations are
shown in Figs. 1 = 3. For all the halogens, these dopants
improved their cycle performances. Furthermore, with the
increase of contents of halogens, their cycle behaviors
were gradually improved with the initial capacity sacri-
fice, but there was an exception that LiMnyO3 g5 Fo 05
compound exhibited excellent cycle stability with improved
initial capacity. Its highest initial capacity reached 143
mAh/ g and nearly no capacity fade was observed after 116

cycles.
Table 1 Highest reversible capacity of
spinel LiMn,O4- .Y, (Y= F, CI, Br)
with different contents of halogens( mAh/ g)

x F Cl Br

0 138. 50 138. 50 138.50
0.05 143. 30 102. 60 -
0.1 121. 50 95.33 83.67
0.2 111. 00 82.61 69. 96
0.3 93. 60 60. 27 45.34

3.2 Powder X-ray diffraction

The XRD patterns of LiMny,O4- .Y, (Y= F, Cl, Br)
compounds are shown in Figs. 4 = 6 and the lattice con-
stants shown in Table 2 were calculated according to the
data of powder X-ray diffraction. We find that almost all
the peaks are attributed to the spinel structure. From
Table 2,

doped, the lattice constants became larger. However,

it can be concluded that when fluorine was

other halogen dopants caused the decrease in lattice con
stants. And for the same dopant element, the fluorine led
to the increase in lattice constants with the increase of
contents; while the other halogens such as Cl and Br
caused the decrease in the lattice constants.
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Fig. 1 Relation of reversible capacity and charge-discharge cycles of spinel LiMnyO4- F,
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Fig.3 Relation of reversible capacity and charge-discharge cycles of spinel LiMn,(,_ Br,
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3.3 Electrochemical properties and structure char-
acter

According to above results, we can efficiently

correlate the electrochemical property and struc-
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Fig.5 XRD patterns of LiMn,O,...Cl,
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ture character. It is obvious that the initial capaci-
ty was gradually changed with the change of lattice
constant, When the lattice constants became lar-
ger, the initial capacities increased and when the
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Fig. 6 XRD patterns of LiMnyO4- . Br,
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Table 2 Influences of halogen atoms on
lattice constant of spinel

LiMn,O4_ Y, (Y= F, Cl, Br)(U

x F Cl Br

0 8.228 8.228 8.228
0.05 8.239 8.228 -
0.1 8.243 8.224 8. 188
0.2 8. 247 8.220 8. 180
0.3 =, - 8. 168

lattice constants decreased, the initial capacities also de-
creased. But this rule was not always adaptable to
LiMnyO4- . F, compound. The lattice constant gradually
became larger and its initial capacity was also higher than
LiMnyO4 when x was 0. 05. However, its initial capacity
began to drop when the content of fluorine continued to
increase. So we seemed to reach a conclusion that there
was a limited lattice constant, beyond which we could not
any more improve the initial capacity of spinel LiMnyOa- .
Y, by means of controlling the lattice constants through
the dopants of halogens, although under which it was an
efficient method to improve the initial capacity. When the
lattice constant became smaller, the capacity fade was
gradually lowered. The decrease of lattice constants con-
tributed to suppress the capacity fade, but too smaller lat-
tice constant sacrificed too much reversible capacity. Fi-
nally, it can be concluded that it is an efficient method to
improve the initial capacity and suppress the capacity fade
through controlling the lattice constant making use of the
dopants of halogens.

4 CONCLUSION

The spinel LiMnO4- . Y. (Y= F, Cl, Br) comr

pounds were synthesized by solid-state reaction. It was
found that the dopant of halogens has significant influence
on the lattice constants of these compounds. Furthermore,
a rule was observed that the initial capacity could be im-
proved and the capacity fade could be suppressed by con
trolling the lattice constant. In addition, a good cathode
material LiMnyOs 95 Fo o5 compound was found. The

LiMny03 95F¢. 05 showed excellent electrochemical charge

discharge performance, with high initial capacity of 143
mAh/ g and nearly no capacity loss after 116 cycles.
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