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Introduction

We have investigated the discharge properties of
poly 2,2,6,6-tetramethylpiperinoxy-4-yl  methacrylate
(PTMA) cathodes at high current density for the purpose
of creating batteries with high power density.

Some organic radicals are stable in air with respect
to seric hindrance or resonance. We recently
demonstrated that a stable nitroxyl radical, (PTMA) could
be used as a cathode for lithium rechargeable batteries.
[Refs. 1 & 2]. PTMA is preferred as a cathode material
because of its high voltage and excellent cycle
performances. [Refs. 3 & 4]

Experimental and Results

We  synthesized PTMA from 2,2,6,6-
tetramethylpiperidyl methacrylate by radical
polymerization followed by oxidation in m-
chloroperbenzoic acid. We confirmed 72% of al units of
the polymer have radical structures by measuring their
ESR spectra.

The PTMA cathodes were prepared from 55%
synthesized PTMA powder, 35% carbon black, and 10%
polyvinyldiene fluoride binder (Daiken Industries, #1300)
by casting N-methyl-pyrrolidone dlurry onto Al foil in
thicknesses from 20 — 30 um. The prepared cathodes were
dried at 125°C. We used lithium foil as the anode. The
electrolyte was 1 M LiPFg in a 3:7 (by volume) EC and
DEC mixture (Ube Industries). We fabricated coin cells
using these electrodes and el ectrolyte.

We then carried out charge-discharge experiments
on the fabricated cells at 20°C, at a constant current
density, with a cut-off voltage of 25 — 3.9 V. The
discharge curves of a Li/PTMA coin cell at variable
current densities are shown in Figure 1. We can see a
very flat plateau at about 3.75 Volts (Li vs. Li) at 0.1
mA/cm? (0.7 C). The specific capacity of PTMA was 62
mAh/g at this rate. This value corresponds to 78% of the
theoretical capacity of PTMA. The fabricated cells
showed excellent discharge properties at high currents. At
a discharge current density of 10 mA/cm? (70 C), the cell
discharge capacity retained 94% of that at a current

density of 0.1 mA/cm? and the discharge curve is very flat.

The dependence of the PTMA specific capacities
on discharge current densities is shown in Figure 2. The
PTMA specific capacity decreases rapidly with an
increase in current density at 0 - 2.5 mA/cm?, but at 2.5 —
10 mA/cm?, the specific capacity maintained almost the
same value of 60mAh/g. Above 10 mA/cm?, the specific
capacity decreased linearly with increasing current
density. At adischarge current density of 40 mA/cm? (280
C), the cell discharge capacity retained 65% of that at a
current density of 0.1 mA/cm?. The discharge process
took only 8 seconds at 280 C.

The newly developed cathodes have excellent
discharge properties at high currents. The stable radical
cathodes show promise for new fields of high power
application for polymer batteries.
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Figure 1 Discharge curves of a Li/PTMA coin cell at
variable current densities
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Figure 2 PTMA specific capacities versus the discharge
current densities



