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Crystallization mechanism in amorphous material
of 0.5LiMn02-0.58203
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0.5LiMn0O,-0.5B,03 glass has been prepared by quenching a melt of LINO3;, MnO, and B,03
at 1100°C to room temperature in air. The crystallization mechanism of this kind of glass
was investigated by differential thermal analysis (DTA) and powder X-ray diffraction (XRD).
It is shown that the substances crystallized from powder and bulk samples are different
because manganese with lower valence in powder sample can be further oxidized by the
oxygen penetrated through the large surface of powder sample. For a powder sample the
glass transition endothermic peak in the DTA curve is overlapped by an exothermic
reaction attributed to the oxidization of Manganese. LiMn,0, can not be crystallized directly
from the glass matrix but can be formed on the surface of glass particles by effect of
oxygen in air near the glass transition temperature. © 2000 Kluwer Academic Publishers

1. Introduction prepared by quenching the melt between two brass
Among the most promising cathode materials forplates in air. Some pieces of glass were regrounded
lithium ion batteries, lithium manganese oxide hasinto powder with size less than 30m.
attracted extensive research interests in recent years.Differential thermal analyzer, SETARAM TG-92,
However, the cycling performance of this material iswas used to study the crystallization process of the pow-
still under improvement [1]. One effective way to im- der and as-quenched bulk samples. X-ray diffraction
prove the cyclic ability of a cathode material is to vary measurements were done on a Rigaku X-ray diffrac-
the metal-oxygen bond lengths in the structure by ustometer with Cu K, radiation monochromated by a
ing a network former [2]. Successful work has beengraphite single crystal at 40 KV/140 mA.
done in framework oxides such as®s5-P,Os [2, 3].
In this system, framework metal oxides offer attrac-
tive characteristics, e.g., high free energy of retention3. Results and discussion
high theoretical capacities, and especially long cycle3.1. Differential thermal analyses of
life and lower potentials without structural damage [4]. 0.5LiMn0O,-0.5B,03 glass
Chen and Schoonman [5] have prepared 0.3Li®Wa  The DTA curves (Fig. 1) were measured by heating the
0.7B,03 glass and studied its electronic properties.0.5LiIMNO,-0.5B,03 glass samples at a rate of°ZD
They attributed the conduction of this material to themin=* in flowing air. The DTA trace for bulk sam-
small polaron hopping. However, its crystallization pro- ple (Fig. 1a) showed a shift change to the baseline at
cess has not been studied. about 440C. This shift was attributed to the glass tran-
In this paper, we studied the crystallization process irsition. However, no similar change was observed in the
the 0.5LIMNG-0.5B,03 glass by differential thermal trace for powder sample (Fig. 1b). Successively, three
analysis and powder X-ray diffraction. To our knowl- exothermic peaks were observed in the DTA traces of
edge, there has not been any report on the crystallizatiomowder and bulk samples, though they are quite differ-
mechanism of lithium manganese borate oxide glass.entin intensity and position. The first and second peaks
appeared at the same positions (510<&g@or the two
traces; but the intensity of the second peak for the bulk
2. Experimental sample was much higher than that for the powder sam-
Commercial powder reagents LINOMNO,, and BOs  ple. A remarkable difference was observed in the third
were mixed ata molarratioof Li:Mn:B-1:1:2and peak. The third peak for the powder sample was very
the mixture was baked at 300 for 5 hours. The baked sharp in comparison with that for the bulk sample, and
sample was reground and melted in an alumina crucibléhe peak temperature for the powder sample wa€60
at 1100C. Lithiated manganese oxide borate glass wasower than that for the bulk sample.
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Figure 2 X-ray diffraction patterns for powder samples of 0.5LiMpO
0.5B;03 glass. (a) Pristine sample; (b—d) heat treated samples after 1skigure 3 X-ray diffraction patterns of 0.5LiMng0.5B,05 glass pre-
2nd, 3rd crystallization peak respectively. The numbers of each cryspared in AbOs crucibles melting at 110 for 0.5 h. (a) and 4 h. (b),
talline substance are corresponding to the order of the crystallizationespectively.

peaks.
. can be seen from Fig. 3, 1B407 crystallized from the
3.2. Crystalline substances from powder sample with shorter soak time and n@Al4B¢O17 was
sample: MnBOj3, Mn30,4/y-Mn,03, detected.

LizB407 (or Li4A|4BGO17)
X-ray diffraction patterns of powder samples at differ-
ent crystallization periods were shown in Fig. 2. Fig. 2
showed a typical XRD pattern of 0.5LiM&D.5B,03
glass material. XRD pattern of the first crystalline sub-
stance formed at the first exothermic peak was shown

in Fig. 2b. This substance was identified to be MRBO . . :
; . Fig. 4 shows X-ray diffraction patterns of the bulk sam-
according to the JCPDS data. The amount of this su bles annealed at different temperatures. MB@s

stance increased with increasing temperature as ShoV@?ystallized firstly. When the temperature was over the

in Fig. 2c and d. Since the second exothermic peak i : BO
the powder DTA curve was very weak and close to thé&econd exothermic peak temperature, MngBQuas

first peak, it was difficult to identify the correspond-
ing substance secondly crystallized from the matrix. : .

43 3. Crystalline substances from annealing
bulk sample: MnBO3, Mn(BO,),,
Mn304/7/-|\/|n203, Li4A|4BsO17

and unknown substance

. . . . . 1: MnBO
By using X-ray diffractometer with higher resolution 2: Mn(BG,),
i - 2": Mn,0, or y-Mn,0, 1
the compound was determined asddy or y-Mn03 3 2 2 2 3 ,_i",‘;,j:’g; "
(the two compounds have very similar X-ray diffrac- s 3" Unknown j

tion profiles). When the temperature increased further:
the third exothermic peak appeared angAlyBgO;7
was formed as shown in Fig. 2d. The comparison of= |
standardd-values of identified crystalline substances
with the measured data of powder samples is showel
in Table I. The element Al in the compound comes from 10 20 30 40 50
the Al,O3 crucible. ALO3z may be eroded by £33 and 2 0 (degree)

dissolved into the melt when the glass was melted in. L _

. - . Figure 4 X-ray diffraction patterns for the bulk samples of 0.5LiMsO

an alumr_la crucible at 1:_"00' In order to Conflrm_thls 0.5B,03 glass when heated to the three crystallized temperature: (a) 1st
assumption, samples with the same raw material Wergy) ond (c) 3rd. The number of each crystalline substance is correspond-
prepared at 110C for 0.5 h. and 4 h. respectively. It ing to the order of the crystallization peaks.
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crystallized from the glass matrix accompanied with asubstance of lithium aluminum borate oxide. The com-
little Mn304/y-Mn,03. As can be seen from the inten- parison of standard-values of identified crystalline
sity of exothermic peak on DTA trace and XRD pattern,substances with the measured data of powder samples
Mn(BO,), is the main crystallized substance from theis showed in Table II.

bulk sample where Mn is at2 valence state. This phe-

nomenon is quite different from that in the powder sam-

ple. The substances formed corresponding to the thir8.4. Formation of LiMn,O,4 on the surface of
mild peak can not be identified completely according to powder sample

the JCPDS data. Although a little4Al 4BsO17 can be  The XPS results for glass are shown in Fig. 5. A satellite
distinguished, two lines with significant intensity leave peak appeared at about 647 eV in the M 2spec-
unkown. Further work needs to confirm if it is a new trum indicates the existence of M# [6,7], and the

TABLE |l Comparison of standamdtvalues of identified crystalline substances with the measurement data in bulk samples

Standardi-values (A of identified crystalline substances
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Figure 5 XPS profile of 0.5LiIMnQ-0.5B,03 glass.
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by the exothermic formation reaction of LiM®, in
powder glass.

a: bulk
b: powder

4. Conclusions

The crystallization process for 0.5LiMR&D.5B,03
glass has been studied by differential thermal analy-
ses in a temperature range of 2@0to 700C. Three
crystallization peaks corresponded to different crys-
tallization processes in powder and bulk samples.
MnBOs3, Mn304/y—Mn203, LizB407 (Li4A|4BGO]_7)
were crystallized successively in the powder sample
where MnBQ is the dominant manganese crystalliza-
tion product; while MnBQ, Mn(BO,)2, Mn3O4/y-
Mn,Os, LisAl4BgO17 etc. were formed in the bulk
sample where Mn(Bg), is the major crystalline com-
pound. This difference should be attributed to the pen-
etration of oxygen through the large surface of powder
sample. In the meantime, an obvious weight increase
observed in the Li-Mn-B-0O glass system was due to the
oxidation of manganese. After studying the crystalline
process we suggest that manganese in Li-Mn-B-O glass
is mainly in+2 valence state which is confirmed by the
results of XPS. Spinel lithium manganese oxide can
not be crystallized directly from the glass matrix. It
was found that Spinel LiMgO,4 could be obtained on
the surface of powder by annealing in air near the glass
transition temperature.
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Figure 6 X-ray diffraction patterns for 0.5LiMn@0.5B,03 glass of
annealed bulk sample (a) and powder sample (b).
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Figure 7 The TG trace for the powder sample of 0.5LiM50.5B,03
glass.
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binding energy for Mn 2g, is 641.3 eV, quite close
to 641.1 eV in MnO but far away from 642.1 eV in
Mn,03 [9]. It also indicates that the main valence state
of Mn in 0.5LiIMnO,-0.5B,03 glass is+2. While the
majority products crystallized from powder sample is
MnBOj3, in which manganese is occupiad valence
state. This phenomenon was attributed to the penetreh- f
tion of oxygen through the surface of glass powders. f;reM"c?:ACKERY A DE KOCK M. H. ROLSSOW
Ithas been mentioned thatthe glasstransitiontemper-" ;" " || Es r. BITTIHN andD. HOGE, J. Electrochem.
ature could not be observed in the DTA curve for pow-  soc 139(1992) 363.
der sample. However, the transition temperature was2. K. WEST, B. ZACHAU-CHRISTIANSEN, M. J. L.

obvious in the bulk sample. In order to understand the OSTERGARDandT. JACOBSEN J. Power Source20(1987)
phenomenon, a powder sample and a bulk sample wer
heat-treated at about 40D for elongated time. The
XRD patterns for the two baked samples were shown in
Fig. 6. Awell-defined crystallite was formed in powder 4.
sample but no crystallite was observed in the baked bulk
sample. The substance was identified to be Lifn

[8]. The experimental show us that LiM@4 can not 4
be directly crystallized from the glass matrix but can be
formed on the surface of glass with oxygen penetration7.
from air by annealing at glass transition temperature.
Fig. 7 showed a TG curve for the powder sample. An ob- 8.
vious weight increase was observed from about830

in the TG curve. The increase of weight is evident for
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