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PROTECTION FOR HIGH-VOLTAGE
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Lithium batteries are prone to energetic ventiggition,
and even explosion following severe overcharging [1
Even slight overcharging reduces the discharge aigpa
of a cell, potentially causing overdischarging, reased
impedance, and local heating [2]. Battery packs for
consumer electronics are protected by electronintrots
and by internal shutdown mechanisms like melting
separators and pressure or temperature-activated
disconnects. In a multi-cell stack capable of \@glhg
several hundred volts, permanently shutting dowela
reduces the usable capacity of the stack and adttset
burden of the remaining cells in parallel circu@omplex
re-routing of current around overcharged cells is
impractical in these stacks.

An approach was previously developed in our lalmoyat
to address this issue [3-6]. Electroactive-polyaner
capable of forming a reversible resistive shuntieen
the current collectors were introduced to proteelisc
from overcharge damage. The process is self-aetivay
voltage, and it does not pose interference to nbomk
charge and discharge. The polymer can be addeell®
in a variety of configurations, opening the podgipifor
cell designs that best accommodate heat transfiéngdu
overcharging.

In this presentation, we report the recent prognes=ll
protection for high-energy lithium-ion batteriesended

for PHEV and EV applications. An electrospinning
technique was adopted to prepare dense non-woven
composite membranes with the electroactive polynedk
mixed with a matrix polymer at individual fiber lev
This improves polymer utilization and reduces tbst ©f
overcharge protection. Fig. 1 shows a 25 pm-thick
electroactive-fiber-composite  membrane composed of
poly[(9,9-dioctylfluorenyl-2,7-diyl)] (PFO) and
polyethylene oxide (PEQ) in a weight ratio of 1:Zhe
excellent connection between the fibers, the higfogity

and the open pore structure enable rapid trangdroth
ions and electrons within the membrane. A sintgg-s
process was also developed to prepare bilayer fiber
composite membranes consisting of a high-voltage
electroactive polymer on one side and a low-voltage
polymer on the other. Fig. 2a shows the cycling
performance of a spinel 14Mn;qe0O, half-cell
overcharge-protected by an electrospun PFO and3oly
butylthiophene) (P3BT) composite separator. Thgh-hi
voltage PFO was placed next to the cathode tohset t
protection potential while the lower-voltage P3BT&sv
placed next to the anode to complete the reversinlmt
and protect the PFO from degradation at the anode
potential. At C/2 rate and 125% overcharge, adstea
state was reached at 4.2 V, which is significafdkyer
compared to that of the previous cells protectediinylar
PFO/P3BT composites prepared on microporous
membranes. This suggests reduced internal reséstamnd
improved power density in the cells with an elespnan
fiber separator. The steady state potential at agethe
charge and discharge capacities remained constant f
over 600 cycles (Fig. 2b), demonstrating excellent

stability of the polymer protection. We will disksithe
details on electroactive polymer properties, thpdot of
membrane substrate and polymer distribution on
overcharge protection performance. Results orningcap

the approach for protection in large-format celif also

be presented.
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Fig. 1. SEM and digital (inset) images of a PFO-PEO

fiber composite membrane prepared by the
electrospinning technique.
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Fig. 2. a) Cycling profiles and b) charge and disge
capacities of a LiggVin, o0, -Li cell overcharge protected
by a bilayer PFO-P3BT fiber composite separator
membrane.
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