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Abstract

A unique approach for improving the thermal stability of LiGo€athode is presented, which is based on the treatment of LiCoO
with ionic liquid (BDMIPFs, butyldimethylimidazolium-hexafluorophosphate), instead of traditional electrolyte modification. The electrolyte
modification by the BDMIPEaddition deteriorates the-rate performances especially at high charge/discharge rates, with slightly improving
the exothermic reaction between delithiated (charged) LiGot@ electrolytes. On the other hand, the BDMJfRodified cathode noticeably
improves the thermal stability as well as little changesGhmate performances. This is believed mainly due to the preferential location of
BDMIPFg in the LICoQ, cathode rather than in the carbon anode, which might make it possible that the BpawiRé effectively contribute
to the suppression of exothermic reaction of delithiated Licad@h electrolytes, with little affecting the electrolyte and the carbon anode.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction with carbon anodgl,2]. Various attempts to improve the
poor C-rate performances have been carried out, which in-
With pursuing larger capacity and higher performance of cludes synthesizing more stable ionic liquids toward carbon
rechargeable lithium ion secondary batteries, their safety is-anode[5,6], adding some additives for good SEI layer for-
sue has been accompanied as a major concern. \olatile ananation[7,8] and changing the electrolyte injection procedure
flammable liquid electrolytes have been considered as a main9].
cause for serious safety problems in lithium ion batteries. = Meanwhile, it has been known that the main cause of
Among many efforts to improve the safety of lithiumion bat- thermal accidents in the lithium ion batteries employing
teries, employingionic liquids (i.e., room temperature molten the LiCoQ cathode is related with a vigorous exothermic
salts) is recommended as one of the promising candidategeaction between delithiated (charged) LiGoénd liquid
[1-9]. Non-flammability and negligible vapor pressure of electrolyte§10-13] Therefore, it has been believed that the
ionic liquid are expected to improve violent properties of suppression of exothermic reaction is a key factor to control
liquid electrolytes. Many battery applications of ionic lig- the overall thermal stability of lithium ion batteries.
uids have been focused on the modification of liquid elec- In this study, in order to improve the thermal stability of
trolytes. However, the ionic liquid-added electrolytes have LiCoO; cathode, a unique approach based on the treatment
caused several side effects when combined with carbon an-of LiCoO, with BDMIPFg is presented, instead of the tra-
ode. Especially, the pooré-rate performance is observed ditional electrolyte modification. It is expected that through
as a big obstacle for practical uses. These problems are bethis new process, the BDMIRFeould locate preferentially
lieved to be mainly due to the ionic liquid’s high reactivity in the LiCoQ, cathode rather than in the carbon anode, with
little affecting the electrolyte and the anode. This new ap-
* Corresponding author. Tel.: +82 42 866 5851; fax: +82 42 863 2934. proa}c;h (BDMIPR-modified cathode) is com'pared with the
E-mail addresssyleeq@Ilgchem.com (S.-Y. Lee). traditional one (BDMIPE-added electrolyte) in terms of the
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C-rate performance and the exothermic heat between delithi-
ated LiCoQ and electrolytes.

2. Experimental

The ionic liquid-modified cathode was prepared by apply-
ing 3wt% of BDMIPFs (C-Tri, Korea) cautiously to the cath-
ode slurry mixture consisting of LiCofactive materials, car-
bon black and PVdF binder. The existence of BDMdlRFthe
LiCoO» cathode was confirmed with the H MAS NMR char-
acteristic peaksHig. 1). The BDMIPFR-modified cathode

was assembled with a carbon anode, a polyolefin separator

and a 1 M LiPk-based electrolyte by using lithium ion poly-
mer battery technology of LG Chefti4]. For comparison,
the 10 wt% of BDMIP-added electrolyte was injected into
the cells consisting of a pristine LiCe@athode and a carbon
anode. All the reagents were handled in a glove box under
argon atmosphere. Capacity a@erate performance of the
cells were examined with changing a discharge rate fro@ 0.2
(152 mA) to Z (1520 mA) at a constant charge rate of©.5

(380 mA). Forthe DSC measurements, the cells were charged

to 4.2V at a charge rate of @2The cells were then dissem-
bled in a dry room to remove the delithiated LiCp€athode
containing the liquid electrolyte. Approximately, 10 mg of the
delithiated LiCoQ cathode was cut and hermetically sealed

into an aluminum sample pan. The DSC measurements were

carried out under nitrogen atmosphere with a heating rate of
5Kmin~L.

3. Results and discussion
As afirst step, the effect of BDMIRFadded electrolyte on

the performance of lithium ion batteries is examinEi( 2).
Compared to the pristine electrolyte, the BDM{P&dded
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Fig. 1. H MAS NMR characteristic peaks of BDMIp#nodified LiCoQ
cathode.

733

=
@
(=]
E
=
= Charge/Discharge
0.2/0.2
0.5/0.2
0.5/0.5
0.5/1.0
30 T T T T
0 200 400 600 800
(a) Capacity (mAh)
4.2 A
4.0 4
S 38 -
®
[=)]
£ 36
&
= ]
3.4 JCharge/Discharge
0.2/0.2
sp | 0502
0.5/0.5
0.5/1.0
3.0 T T T T
0 200 400 600 800
(b) Capacity (mAh)

Fig. 2. Charge/discharge profiles of (a) pristine electrolyte (kiB&sed
electrolyte) and (b) BDMIP§-added electrolyte. Charge/discharge rates are
0.2C/0.2C, 0.5C/0.2C, 0.5C/0.5C and 0.%2/1C, respectively.

electrolyte shows a lower initial capacity, and its capac-
ity becomes significantly deteriorated with increasing the
charge/discharge rate. It has been previously reported that
the ionic liquid-added electrolytes have brought about poor
C-rate performances when combined with carbon anode. This
is believed mainly due to the poor SEI formation caused by
the ionic liquid’s reactivity with carbon anode such as co-
intercalation and its higher reduction potential than the car-
bon[7-9].

The thermal stability of LiCo®@ cathode with the
BDMIPFg-added electrolyte is compared to the pristine elec-
trolyte (Fig. 3a and b). It is found that the pristine electrolyte
generates a high exothermic heat{ =587 J g 1) and shows
well-classified exothermic peaks, where the first peak is at-
tributed to the surface reaction of the delithiated LiGoO
with the electrolyte, the second peak to the decomposition
of layered LiCoQ structure and the third peak to the reac-
tion of electrolyte with oxygen generated from the decom-
position of the layered LiCo®structure. The details have
been discussed in the literatufd®,11] Fig. 3 also shows
that the BDMIPK-added electrolyte is not so effective to
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Fig. 3. DSC thermograms of exothermic reaction between delithiated
LiCoO, cathode and electrolyte for (a) pristine electrolyte, (b) BDMJPF
added electrolyte and (c) BDMIRFmodified cathode.

sufficiently decrease the exothermic heat with the delithated

LiCoO, (AH=462Jg1).
Prior to investigating electrochemical and thermal proper-
ties of the BDMIPEK-modified cathode, the existence of the
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Most importantly, the BDMIPE-modified cathode im-
proves the thermal stability, with little affecting tl@&rate
performance. The DSC measurement indicates a smaller
exothermic heat with theAH decreasing from 587 J¢
(pristine) to 169Jg? for the BDMIPRs-modified cathode
(Fig. 3a and c). The noticeable enhancement of BDMHPF
modified cathode may be attributed to the preferential lo-
calization of BDMIPF to LiCoO, cathode. It has been
known that the exothermic reaction depends on the con-
centration of the reactants such as the delithiated LigCoO
and the electrolytefl 0—13] It is possibly assumed that the
BDMIPFg localized in the LiCoQ@ cathode may decrease
the local concentration of electrolytes around the delithi-
ated LiCoQ, which could contribute to the suppression of
exothermic reaction. Though the exact mechanism on the
localization of the BDMIPE to the LiCoQ cathode is not
yet elucidated, some possible speculations could be drawn,
which includes the interaction of BDMIRFwith PVdF
binder and the surface coverage of LiCofth bulky cation
(BDMI).

This is, to the best of our knowledge, the first report that
has improved the thermal stability with slightly influencing
the electrochemical performances in the ionic liquid-applied
lithium ion batteries. Future work will be focused on the prac-

BDMIPFg in the modified cathode has been checked using tical safety tests such as hotbox and overcharge of the mod-

the H MAS NMR. The NMR spectra have confirmed that the
characteristic peaks of BDMIRFare found in the modified
cathode Fig. 1).

It is of interest to note that th€-rate performance of
BDMIPFg-modified cathode is comparable to that of the un-
modified one, while the BDMIP§added electrolyte shows
quite a poorC-rate performancelig. 4). This possibly re-
flects that the ionic liquid’s reactivity with carbon anode may

ified cells, which will be correlated with the DSC results.
Also, fundamental work on the ion transport mechanism of
the electrolyte in the presence of the ionic liquid should be
followed.

4. Conclusion

be suppressed, which could indicate that the SEl layer onthe  The new approach based on the treatment of Lietth
carbon anode might be formed properly and also the transportgpmiPFg has been presented in order to improve the ther-

of the lithium ion in the electrolyte would be little influenced
by BDMI cation.
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Fig. 4. C-rate performances of (a) pristine electrolyte, (b) BDM4PF
modified cathode and (c) BDMIRFadded electrolyte.

mal stability of LiCoQ. The traditional electrolyte modi-
fication by the BDMIPE addition deteriorates th€-rate
performances especially at high charge/discharge rates, with
slightly improving the exothermic reaction between delithi-
ated LiCoQ and electrolytes. This is believed mainly due to
the ionic liquid’s reactivity with carbon anode. On the other
hand, the direct LiCo® modification with BDMIPF has
improved the thermal stability as well as little changed the
C-rate performance. This may be attributed to the preferen-
tial localization of BDMIPF to LiCoO, cathode rather than
carbon anode, which could effectively suppress the vigorous
exothermic reaction between delithiated LiCoénd elec-
trolytes with little affecting the electrolyte and the carbon
anode.
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