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Introduction

Since their first introduction by Somny in the early 19908 [1, 2]
Lithium-ion rechargeable batteries have becorre the preferred power
gource for portable electronic devices such as cellular phones and
noteboolt cormputers due to their rch higher energy density. As their
performance is improving and cost dropping, they are beginning to
penetrate other applications such as Iybrid electric vehicles and power
tools that require higher power. A lithiurm-ion cell, as most of the
other electrochemical cells, iz constmicted with positive electrode,
negative electrode, and separator merrbrane. These components are
generally soalced with organic electrolyte. Typical configuration of
lithiurm-ion battery and its components are described in Figure 1.
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Figure 1. Typical configuration of lithinmdon battery and its
cormponents,

The separator is a micro porous merrbrane placed between two
electrodes. The main functions are to physically izolate a cathode and
an anode so that no electrons can flow in between and to allow rapid
transport of ionic charge carriers during the passage of electric current
[3-5]. Among these two requirements, the electrical izolation of
electrodes is considered to be rmost critical as far as battery safety is
concerned. Internal shon-circnits cansed by protrusions on the
electrode surface either by unavoidable metallic impurities or by
dendritic lithinm growth during battery operation has been the most
fatal to battery safety. Such safety concerns have becormne even deeper
ag energy density and performances of lithium-on batteries are
contimually improving.

Furthermore it iz well known that thermal shrinkage of the
geparator metrbrane or its mechanical mpture can lead to an abnormal
heating, which may cause fire or explosion eventually. This so-called
thermal mnaway is likely to take place as local heat generation
accelerates electrolytes and electrode materials to decompose. If
geparator merrbrane can prevent the internal short-cireuit, the
separator can be engineered as a safety device in lithinm-on batteries.
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In general the separators in lithium-ion batteries are based on
polyolefing, especially polyethylene (PE), and polypropylene (PP).
Though polyolefin-based separators have many advantages in
chernical and electrochermical stability, high porosity, low costs, and
go on, they still have limitations in preventing the fore-rrentioned
internal short-circuit between electrodes due to the poor dimensional
stability and mechanical strength. Therefore, it goes without saying
that a technical brealthrough that can overcome these drawbacks
contributing to safer lithinrrrion cells is extremely awaited.

In this study we have developed a novel separator membrane that
can significantly improve battery safety. Basic membrane-related
properties are investigated and itz relationship with electrochemical
performances in lithinmrion batteries iz discussed. And finally, its
contribution to the safety improvement iz givern.

Experimental

Sample preparation.

The separator was prepared by the LG Chents proprietary
technology. The separator was incorporated into wvarious lkinds of
batteries covering cylindrical cells, prismatic cells, and polyrmer cells.
In addition to the separator, lithium retal oxide-based cathodes,
carbon-based anodes, and carbonate-based electrolytes with lithium
based salts were asserrbled into the cells. The detailed chemistry and
structures in each cell can vary, depending on the cell capacity and
other related performances. For conparizon, conventional polyolefin-
based separators (REF) are included in the same experimental
conditions,

Characterization.

The basic merrbrane properties of the separator were examined
and cormpared with conventional polyolefin-based separators. Air
permeability, pore size, porosity, lonic conductivity, thermal
shrinkage, and z-directional penetration resistance are the major
variables to monitor carefully. The electrochemical performance
including capacity, C-rate performance, and cyelability of cells were
measured in the wvoltage range of between 3.0 ¥V and 4.2 V. To
investigate the effect of separator on the cell safety, various abuse
tests were carried out, which includes hot-oven, overcharge, nail
penetration, bar cmsh, and so on. The detailed test conditions were
based on the Underwriters Laboratory (UL) requirements.

Results and discussion

Separator Properties.

It iz uzeful to characterize the separator in terme of its stractural
and functional properies and to establish a correlation with its
performance in batteries. The overall transport property of the new
geparator merrbrane is represented by the air permeability and was
found to be cormparable to the conventional ones. The dirmensional
stability was measured at varlous temperatures. Both a hot-oven
thermostat test and a thermomechanical analysis (TMA) revealed that
the new separator has rerrmrkably improved in therrral stability
corrpared to the conventional ones (Figure 2 and 3).
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Figure 2. Thermal shrinkage of separators (after storage in hot-
oven for Thr at 150°C).
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Figure 3. Plots of dimensional change with ternperature (constant
stress = 0.05 N, scan rate = 5°C/min).

Congidering the fact that the shrinkage of separator in both machine
and transverse directions iz a major indicator for the possibility of
internal short-cireuits, such an enhancement in the thermal shrinkage
is expected for the new separator to help cells remain safe even when
the cells are exposed to abnormally high temperatmres or during
abnormal heating.

Z-diractional penetration resistance is related to the mechanical
force that prevents internal short-cirenit across the separator. Figure 4
shows that the z-directional penetration strength of our new
separator is rch larger than that of conventional one.
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Figure 4. Z-directional penetration strength for conventional
polyolefin-based separator (REF) and LG"s new separator (LGS).

Effect of Separator on Cell Safety.

Based onthe previous characterization of separators, its influence
on the cell safeties was examined. In order to sirmlate the real safety
isgues, we adopted varlons abuse conditions with the details deseribed
in the experimental section. Armong the various kinds of abuze tests,
cmish test is most employed to estimate the internal short-related
safety izsues. When the applied compression force onto a cell exceeds
a certain level that the separator can tolerate, it causes the cathode and
the anode to contact each cther, which lead to sudden discharge and
heating, which may resalt in fire or explosion. Figure 5 exhibits the
voltage and tenperatare profilss for the conventional separator and
the new one. The conventional one showed a typical behavior. When
the applied force reached to a critical value to canse mechanical
damage to the separator, the cell voltage dropped instantly, reflecting
an electrical contact betwesn cathods and anode, which led to cell
rupture and fire.
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Figure 5. Voltage and terrperature profiles for (a) conventional
polyolefin-bazed zeparator (REF) and (b) safety-reinforced separator
(SRE). The inset represents a cell after crush test.

In contrast, quite a different safety behavior was observed in the
new separator. Surprisingly, there was no wvoltage drop and
termperature rize, even after the applied force reached to a maxirmm
value of measurernent. This suggests that the cells with the LGS are
rmch more tolerant against the internal short cansed by the separator
break-down. Such a noticeable enhancement in the cell safety is
attributed to the larger z-directional strength of safety-reinforced
separator ag discussed in Figure 4. Including the crush test, the more
details on the other abuszed tests such as nail penetration, hot-box,
cverchargs, and go on will be disenzsed in the oral presentation.

Conclusions

The novel szeparator that can overcormne the drawbaclks of
conventional polyolefin-based separators was presented. The LG
Chem’s advanced technology made it possible to develop the safety-
enhancing separator particularly with the improved thermal shrinkage
and penetration resistance. The cells employing thiz separator
provided noticeable safety improvement in the varions abuse tests..
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