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A 65 A h RECHARGEABLE LITHIUM MOLYBDENUM DISULFIDE 
BATTERY 
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Molr Energy Lzmlted, 3958 Myrtle Street, Burnaby, B C V5C 4G2 (Canada) 

summary 

The design of a rechargeable 65 A h, spirally wound, hthmm molyb- 
denum drsulhde cell 1s described as a scale up of a “C” srze cell. The results 
of battery testing are described in which a gravlmetrlc energy density of 94 W 
h kg-’ was achieved at the lowest rate. The cycle hfe of the battery 1s greater 
than 100 cycles and peak power den&es of 128 W kg-’ were demonstrated. 
Dlrectwes for further improvements are discussed. 

1. Introduction 

Mob Energy Lmnted has, during the past seven years, developed re- 
chargeable hthmm molybdenum dlsulfrde battenes which have a number 
of superior performance charactenstlcs includmg a hrgh energy density, a 
hrgh power density, and a long charge retention tnne. The fast cell sizes 
developed mclude a “C” size cell and an “AA” size cell whose performance 
characterrstlcs have been discussed elsewhere [ 11. 

Over the last two years, a proJect to demonstrate the feasibility of the 
scale-up of this technology to a “BC” srze cell with 65 A h capacity has been 
undertaken. The ObJeCtWe of the project was to develop, build, and test a 
0.6 kW h storage battery conslstmg of 6 “BC” cells m senes. 

2. Battery design 

The design of the “BC” cell was based on concepts developed for “C” 
size cells. Both cell srzes were of a Jelly roll type (sprrally wound) construc- 
tion and the scale up was achieved by mcreasmg the electrode area by a 
factor of 22 to a total of 16 700 cm2 without changing the thickness of the 
electrodes. The capacity was calculated to 65 A h using a linear scale factor. 

Figure 1 shows an exploded view of the “BC” cell design. The anode 
was a 125 ,um thick hthmm foil connected with srx nickel tabs to the nega- 
tive termmal. These tabs were posltloned along the anode strip at equldlstant 
intervals. The cathode consisted of the cathode powder bonded to a metal 
foil current collector which was connected to the posltwe terminal with SIX 
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Fig 1 Exploded view of a “BC” cell 

nickel tabs A glass-to-metal seal was used to insulate the posltlve termmal 
from the case. The two electrodes were separated by a mlcroporous poly- 
propylene separator. The separator and the porous cathode were Impreg- 
nated with an electrolyte conslstmg of a 1 molar solution of LIAsF~ m a 
murture of orgamc solvents The cell case was hermetic with a safety vent m 
the cell bottom 

The 0.6 kW h battery consisted of SIX cells connected m series and held 
together by two rlgld plates tied together with bolts. The battery hardware 
was not optlmlzed with respect to weight or volume. Table 1 gives the specl- 
flcatlons for this battery 

TABLE 1 

Speclflcatlons for 6 cell “BC” battery 

Battery dlmenslon 25 cm x 16 cm x 21 cm 
Battery weight 7 3 kg 
Nominal battery voltage 10 8 V 
Nommal battery capacity 65Ah 
Chargmg 5 A constant current 
Voltage cut-off on charging (standard charge) 14 4 v 
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3. Single cell performance testing 

Tests on single cells were performed after rechargmg at 21 “C! with a 
constant current of 5 A to a cell voltage of 2.4 V. For some tests, cells were 
charged to a voltage of 2.6 V, a condltlon which will be referred to as 
“supercharged”. The discharges were performed at constant current and the 
cell voltage was used to determme the endpoint. Figure 2 shows the voltage 
profile for a single cell cycle conslstmg of a charge half cycle followed by a 
discharge at 15 A to a cell voltage of 1.3 V. The shape of the voltage profiles 
is characterlstlc of the Ll,Mo& mtercalatlon compound used m these 
batteries [ 21. 
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Fig 2 Charge and discharge voltage profile of a “BC” cell Charge 5 A, cutoff 2 4 V, 
discharge 15 A, cutoff 1 3 V 

Figure 3 shows the capacity as a function of cycle number for two cells 
cycled under different condltlons. Cell #OOl was supercharged and then 
discharged to 1 1 V, cell #002 was charged under standard condltlons and 
then discharged to 1.3 V. The first cell achieved a fast cycle capacity of 
66 A h at 15 A. This capacity IS slightly higher than the nommal capacity. 
The second cell achieved a first cycle capacity of 42 A h. These capacities 
are approxnnately equal to the values expected from a linear scale-up of the 
“C” cell performance. Both tests were termmated voluntazlly, cell #002 
after achlevmg 107 cycles at an average capacity of 32.5 A h. 

The unpedance of the “BC” cell was determmed over a wide frequency 
range using a frequency response analyzer. The results are displayed m Fig. 4 
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Fig. 3 Cycle life plots for two “BC” cells Cell 001 charge 5 A, cutoff 2 6 V, discharge 
15 A, cutoff 1 1 V Cell 002 charge 5 A, cutoff 2 4 V, discharge 15 A, cutoff 1 3 V 
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Fig 4 Cole-Cole plot of the impedance of a “BC” cell 

m the form of a Cole-Cole plot. The impedance at a frequency of 1 kHz IS 
approxunately 4.6 ma. This measured value IS approximately double the 
value calculated from “C” cell measurements usmg the linear scale factor of 
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22. This discrepancy IS due to the relatively large resrstance of the electrode 
termmals and the connections of the electrodes to the terminals. For fre- 
quencies higher than 1 kHz the cell impedance is dominated by an mduc- 
tance which 1s due to the wound nature of the electrode assembly. For 
frequencies below 1 kHz, the impedance of the electrochemical mterfaces 
and the mass transport of ions m the electrolyte determme the shape of the 
plot 131 

4. Battery performance testmg 

Performance testmg of the 6 cell battery was conducted under condl- 
tions similar to the cell performance testing with the battery voltage being 
used to determine the endpomts of charge and discharge. No attempt was 
made to equahze the state of charge between mdlvldual cells once the testing 
began. Figure 5 gives the reahzed battery capacity as a function of cycle 
number. With exemption of the specral tests performed around cycle 30, the 
battery was cycled between 14.4 V and 7.8 V. These voltages correspond to 
a single cell voltage rangmg from 2.4 V to 1.3 V. The average energy dehv- 
ered by the battery was 360 W h per cycle with an average capacity of 
33.5 A h. The test was terminated voluntarrly at cycle 110. A comparrson 
with the single cell cycle test (Fig. 3) shows no difference between single 
cell cycle hfe and battery cycle life under these condltlons. 
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Fig 5 Cycle life plot for a 6 cell “BC” battery Condltlons for all cycles except those 
marked special testing charge 5 A, cutoff 14 4 V, discharge 15 A, cutoff 7 8 V 
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The substamed power capabrhty of the battery was assessed by dis- 
charging the battery to a fixed voltage hmlt at varrous currents. Figure 6 
shows the realized capacity as a function of the dram current for three 
drfferent temperatures Pnor to the drscharges, the battery was grven a 
standard charge at 21 “C. Cutoff voltage on drscharge was 1.3 V per cell. 
At 20 “C and 0 “CL! the battery dehvered about 50% of its low current capac- 
ity at a 50 A rate At -20 “C, the rate capabrhty 1s reduced sqmhcantly. 
The average power dehvered during the 50 A discharge at room temperature 
was 510 W 
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Fig 6 Realmed capacity as a function of dram rate for a 6 cell “BC” battery charge 5 A, 
cutoff 14 4 V, dmharge 15 A, cutoff 7 8 V 

The realized capacity of the battery can be increased for all dram rates 
by supercharging and by usmg a discharge cutoff of 1.1 V per cell. Figure 7 
shows the reahzed capacrty for the battery at a temperature of 20 “C under 
these condrtrons. The capacity increase IS about 58% compared with the 
condrtron represented m Fig. 6. The energy delivered by the battery at the 
lowest rate was 686 W h, correspondmg to a gravrmetrrc energy density of 
94 W h kg-l. 

The results presented m Figs. 6 and 7 are a measure of the sustamed 
power capabrhty of the battery. The peak power capability of a super- 
charged battery was determmed by dlschargmg the battenes at various 
rates for a duration of 5 s. After each discharge, the battery was rested on 
open cvcurt for about 1 mm. Figure 8 shows the power output at the end 
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Fig 7 Reahzed capacity as a function of dram rate for a supercharged 6 cell “BC” 
battery 
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Fig 8 Power output of a 6 cell “BC” battery for various pulse currents. Pulse duration 
5s 
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of each discharge pulse as a function 
power was 932 W, which corresponds 
kg-? 

5. Conclusion 

of the discharge current. The peak 
to a peak power density of 128 W 

The results of the “BC” battery performance testmg can be best sum- 
marrzed m a Ragone plot which shows the relationship between power 
density and energy density (Fig 9). A comparison with the Ragone plot for 
a “C” cell shows the effects m scalmg At lower power densities, the larger 
cells show an increased energy den&y due to a reductron of the fractron of 
the non-active material of the total cell weight However, the relatively large 
resistwe losses m the current carrymg elements of the “BC” cells cause a 
sigmfrcant reduction m the power capability. 
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Fig 9 Ragone plot for a 6 cell “BC” battery, single “BC” cells, and “C” cells 

The cycle life of this battery is m excess of 100 cycles. No reduction 
m battery performance relative to cell performance, which might be caused 
by capacity mismatch or charge imbalance between cells, was observed. 

This analysis shows that substantral improvements to the battery 
performance m the area of power density are possible by improvements to 
the cell design. Peak power densltles of the order of 200 W kg-r should be 
obtamable. Irutlal tests of a new generation of “BC” cells presently under 
development that mcorporates nnproved current collectors support this 
extrapolation 
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Improvements in energy density, however, will only be mmor unless the 
hthlum msertlve capacity of the cathode can be improved. The maximum 
energy density of battenes using current cathode technology is 100 W h 
kg-‘. Improved cathodes will be used m the future to break this barrier. 
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