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Cell Performance of Ultra-Thin Polymer Cathode System:

Theorencal Energy and Power density Projections

Katsuhiko Naei, Boone B Owens and William H. Smyrl

Department of Chemital Fogmeenng & Materials Science,
Corrosion Research Center,
University of Minnesota
121 Church St. SE. Minneapolis, MN 55455, U.S.A.

Conducting polymers a< well as polymeric rednx materials are
reeanted to have high electroactivity in organic liquid electrotvies.
| hece materials can he ntilized as one of the promicing candidlates
for cathnde materials in future rechargeable cell cystems. Polymer
cathede cells, in genernl, are known o have a lower energy density
when compared to inorganic intercalation materials <uch as the
oxules or sutfides of Ti. Mo and V. However. this tvpe of
comducting pofvmer material echibite very fust kinerice in
sechanging electenns as well as ione during the charge/discharge
process The rapid kinetice should lead 1o high power densities. Sov,
this tvpe of polvmer matenal i< concidered o he high power material
tather than high energy material.  The present paper reporis
theoretical calculations of specific energy and specific power for
cecondary lithium cells using three different polymer cathode
matertals, viz., polyamiline, polypyrrole and polyvinylferrocenre.
The parucular emphasis of this paper i< 10 indicate how much
encrey or power nne may obtan from these palymer matenials and
the optimum conditions {or certain of the fundamental celt design
parameters including thickness and area.

L Cefl with Basic Cell Elements

The theoreticat energy andd power denisity calculations are
refatively strnightforward for 2 priemaric cell without hardware or
ceparator. The tahie below summarizes the vialues of ED and POy
for three different Li/polvmer cathode cell sysiems, where the
thicknese of each cathode i« fixed at 1. 10 and 100um. Balanced
electrodes were ascumed.

The maviimum power density is nhtained at the half valve of
seltigetEnc/2) and currenttl/2) in the load curve where only the
elecirolyvte polanzation is taken into account} 1 ).

2
3 Sl where p i the resistivity of the electmiyte.
Ple Weent
L & 15 the electrolyte thickness, and S is the area of the electrinie. If
e considers a cell with a capacity of | Faraday (96500 coulombs,
or 26 R A, the Wegy for a LM 1C104 PCY/Polymer cell can be
leris ed from cathode weight.

PDye =

Coil Performance of LyANELICK Hﬁ'v'ﬂym« TS (Nes b e cve)
PAn PPy PVF

Eoc V) (% DOD) 40 35 3RS
Ewe V] 3.7 10 3.5
Speuific Gﬂ\'lNMﬂl’L [Ki.) 148 042
AMavimum Dopeng Leved [%) 80 30 1{3.1]
Mekculae Werght( ! umt) (g/mol ] 91 [ 212
Encryv Densny {Wh/igl 152 140 128
Encrey Densuty | Whiner} 20 23 M)
Spevifc Power (W/kgl Lo | 160M 120M 296G
Sy e Power (WAR] = 10 um 160 12M M

Specifc Power |Wig) Le = 100 jum 16K 12K 0K

i 1T

A practical cell configuration would consist of the cell plas
<ome basic hardware. The energy and power densities for bipolar-
de<ign cell which consisis of (X«1) cells in series were calculated.
There are X hipofar cells plue the terminal electrodes: this type of
cell reduces 1o a single prismatic cell design when the number of
bipelar units are equal to 0, The following assumptions were made
for this bartery design: (1) fer (excess factor)= 3 ie, Qui
230 mhode- (2 terminal Ni electrode 25 pm (1mm wider than Reen).
(3) Current collector in bipolar unit(Al) thickness=20r% of Leeit
(Lim wider than Reen). (8) Case(Synthetic resin) Regee = Reeti + 2
mm, where Reen i< the radius of the circulas cell.

Suyrfarce Areg = S

- ccC {Ni:25¢1m)
Anode
Electrolyte
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- «.C.C (N.25)m)

Bottom

The ahbove figure chows the hattery constinction of the
hipalar electrode celts which were nsed for the encrue and po- e
calcutations of the Li/Prlymer cathode cell svstem, Separators w -1e
ignered for these conclisions, Two kinds of hardwire are inclided
in this 1vpe of cell, namely, the current collectors and the case w all
The current collector involves the plates of Ni and the Al bipu-lar
intee cell connector  Lhe Ni current collector is inngh harder vl
maore dense than the Al current collector, and is wuited fon the
terminal clectrexle. O the nther hand, the Al current callector is
mon- flexible and lighter. and the thickness was assimed 10 be 207
of the active cell thicknessil cop), unless the Leep > 150 um, Then
the thickness of Al was fixed at M) um. For the wall material. the
authors assumed a syathetic resin(d=0.8 g/em?), thi encapsplaied

the entire cylindrical hattery. For the electrolyte <olution. § M =

LiC10uPCHa=3.0¢10-3S cm!) was assumed in the fully
discharged <tate of the cathode.
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The ahove figure shows the he<t values for specitic energy .und
power for the hipolar-design batery The ED and PD values exkitwe
maxima at reverse directions in tenme of cathede thicknese.
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